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RHIC's First Decade: A Discovery Machine
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RHIC hallmarks:
Pioneering - 15" facility to clearly see transition to quark-gluon
matter,; world's only polarized collider

Productive ->300 refereed papers, >20K citations, >200 Ph.D.'s
in 15" 10 years, many more in pipeline, no rate falloff in sight
Versatile - wide range of beam energies and ion species =

" definitive discoveries in important regime




Compelling Hot QCD Discoveries at RHICh %]

U Near-perfect fluid nature of early universe matter,
markedly different from anticipated ideal gas

U Shear viscosity near lower quantum limit
predicted via String Theory work on black holes
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Compelling Cold QCD Matter Discoveries at RHIC
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d Strong hints of gluon density saturation from suppres-
/sion of forward-forward di-hadrons in central d+Au

d Indications of small positive contribution to proton
spin from 0.05 <x, < 0.2 gluons, via helicity correlations
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Steadily Improving Machine Performance

2011 Au-Au run still under way

\

Heavy ion runs

Polarized proton runs
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Collision partners

Beam energies
(GeV/nucleon)

Peak pp-equivalent luminosities

achieved to date, scaled to 100 GeV/n®

a) Asymmetric rigidity of

Used to

date

colliding beams.

b) For comparison, similarly

scaled luminosities are 35 x

1030 cm=2s~ for p+ p at the

Tevatron and 140 x 1030

cm~2s-1 for LHC design goals

for p+p. BROOKHRVEN

NATIONAL LABORATORY

Au+Au 3.85, 4.6, 5.75, 10, 155 x 1030 cm—2s1
19.5, 28, 31, 65, 100
d+Aud 100 100 x 1030 cm—2s1
Cu+Cu 11, 31, 100 80 x 10309 cm—2s1
pT+pT (polarized) | 11, 31, 100, 205, 250 150 x 10%0 cm-2s! at 250 GeV
Considered for future

AutAu 2.5
Cu+Aud 100

U+U 96




Cost-Effective and Timely Machine Upgrades

O Order of magnitude luminosity
increase for heavy-ion collisions

O Fueled by accelerator technology
breakthrough (bunched-beam
stochastic cooling) achieved @ RHIC
O Completed ~2014 at ~1/7 the cost
and ~4 years sooner than envisioned
in 2007 NP Long Range Plan

With ongoing detector upgrades, Y h+v pickups

facilitates: m

O quantitative characterization of

early-universe matter

Q confirm/refute symmetry-violating

bubble prediction @ N
longitudinal

O search for unique critical endpoint ||
|

iIn QCD phase diagram K

Fiber Oplic
Links,
transverse

Horiz. Kicker

O study how force between quarks
changes in dense quark-gluon matter

times ~1 h
[ search for even rarer exotica like
recent anti-hypertriton and anti-« \

=

5-9 GHz, cooling

Y h+v kickers

B h+v pickups
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A Suite of Ongoing Detector Upgrades

» PHENIX VTX & FVTX
upgrades (ONP funds)
greatly improve vertex
resolution, heavy
flavor ID

» utrigger upgrade
(NSF + Japanese
funds) installed in
FY10-11 enhances W
prod’n triggering for

Install for Run 12 Install for Run 11

spin program.

» STAR Heavy Flavor Tracker
receives CD-1in FY10; CD-2/3
review in July 2011. Will permit
topological reconstruction of
charmed hadrons.

» STAR Forward GEM Tracker
(RHIC capital equipment project)
to be installed for Run 12, will
enhance forward tracking, W
charge sign discrimination.

Run 14-15



Need a Future Strategy That Builds on Success

New Realities:

1) Federal deficit = constraining budgets ahead (though bipartisan
support for ‘protecting’ science research remains)

2) DOE Nuclear Physics Office has significant construction commitments
to 12 GeV CEBAF upgrade and to FRIB during FY12-18 period

3) Quark Matter 2011 clarified ‘competition’ from LHC heavy ion program
4) Next Nuclear Physics Long Range Plan exercise likely to occur ~2013

5) Major focus at next LRP will have to be on large facility development
beyond FRIB = strong endorsement critical for Electron lon Collider

6) Existence of heavy ion and polarized proton rings at RHIC likely
provides NP community with most cost-effective path to an EIC.
Feedback from Office of Science = keep project cost < ~$500M.

= Purpose of this Workshop: Community input on optimal medium-
and long-term strategy to maximize RHIC’s scientific impact along a
path to eRHIC, while fitting within constraints implied by above... BRODKHREVEN
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Financial Constraints: Potential EIC Timeline from
Hugh Montgomery (INT Workshop, Sept. 2010)

EIC Realization Imagined

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

12 Gev Upgrade

FRIB

EIC

Physics Case | N.B. It is unlikely ONP could
NSAC LRP support operations at 3 major
facilities (RHIC, CEBAF, FRIB)

] . .
CDO and simultaneous construction
Machine meeseseesmesmen  Of @ 4™ (EIC) after ~2018-2020
Design/R&D

CD1/D’nselect N

CD2/CD3 ]

Construction H

Brooknaven >cience Associates



Competition Constraints: Impressions and Lessons
Learned from Quark Matter 2011

1) Field is maturing — e.g., initial characterization of collective flow of
matter via elliptic multipole only now replaced by full Fourier decomposi-
tion, providing natural account for two previously puzzling phenomena:
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Similar results shown by all collaborations, should = ' A VI

Near-side Away-side

better characterization of initial-state geometry ridge’  ‘Mach cone’

fluctuations, hence quantification of fluid’s “perfection.”
But they reopen another question: does the medium respond collectively
to the energy lost by quarks & gluons passing through it?

2) No fundamental new discoveries, but interesting, unanticipated results
on vs-dependence of behavior from RHIC and on medium effect on jets from
LHC BROOKHERVEN
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QM2011 Lessons Learned, continued...

3) RHIC’s importance substantiated — the nature of the matter produced
does not change much from RHIC to LHC collisions; LHC analyses very
rapid since based on techniques already perfected over years at RHIC.

4) The power and scope of the LHC exp’ts is very clear! The broader
momentum range and higher multiplicity of outgoing particles, the higher-
energy emerging jets, the finer granularity of some subsystems — all allow
prolific characterization of QGP matter very similar to that at RHIC. On the
other hand, probably only one more Pb+Pb run at LHC before 2015.

5) Watch out especially for CMS, which may well dominate future jet and
gquarkonium analyses (without DOE support for ATLAS heavy ions)!

6) Excellent presentations by 5 strong collaborations, with mostly
corroborative results = a heady, but not long-term sustainable, experience
unless real complementarity can be convincingly demonstrated!

7) Challenge/opportunity for RHIC: give greatest emphasis in future plans
to exploiting those capabilities that are unique or world-leading at RHIC !

Brookhaven Science Associates NATIONAL LABORATORY



RHIC Energy Range Appears to be a "Sweet

Spot,” Encompassing

Charge-dependent correl’n consistent
with Local Parity Violation tends to
vanish below 39 GeV
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What Can RHIC Do That LHC Can't (Easily)?

= Beam energies spanning apparent
onset of deconfinement and chiral
symmetry restoration, possible QCD
critical point

» Polarized proton beams

= d+A, possibly p+A, collisions to
explore cold colliding nuclei as seen
by high-energy hadron

= U beams (highly deformed nuclei)
and asymmetric nuclear collisions
(e.g., Cu+Au) to modify initial nuclear
geometry, isolate matter’s viscosity
and path-length dependence of quark
energy loss

» Low-mass di-electron and photon
detection for temperature measure-
ment , chiral symmetry and thermal-

b jzation studies

1 Early Universe

The Phases of QCD
- LHC Experiments

Temperature

Quark-Gluon Plasma

[ SR

Critical Point P
Color~

Superconductor
l‘rf
~Vacuum ; r ar Neutron Stars
0 MeV =~ i I
0 MeV

Hadron Gas

Baryon Chemical Potential
Search for a QCD Critical endpoint via low-
energy scan in RHIC-I| era

» Reconstruction of jets below
~50 GeV, where energy flow to
QGP medium may become more
revealing than just heating the
plasma at higher jet energies

RHIC future strategy must exploit p
these capabilities ! B



PAC Recommendations for Run 12 Focus on
‘Calibrating’ Some Unique RHIC Capabilities

For Run 12 the PAC recommends the following (in order of priority):

« 5 weeks of running with polarized proton collisions at 200 GeV.
« 7 weeks of running with polarized proton collisions at 500 GeV.
« 5 weeks of running with Cu+Au collisions at 200 GeV.

« 3 weeks of running with U+U collisions at 193 GeV.

200 GeV p+p running [is] important for obtaining a baseline for heavy-flavor studies in
heavy-ion running with the new VTX [and] for Upsilon and gamma-jet measurements.

It is clearly vital for the RHIC spin program to obtain precision asymmetry
measurements from the W physics program as best and as quickly as possible...

Cu+Au collisions exhibit density profiles inaccessible to symmetric colliding systems, and
thereby will provide uniquely insightful measurements of parton energy loss. Mid-
centrality collisions, for which Cu is mostly occluded by the Au, break left-right symmetry
and have non-zero e, and e; even without the contribution of initial state fluctuations.

If [central “body-body” U+U] collisions can be isolated with sufficient purity, the initial state

has a well-defined eccentricity over a much larger volume than mid-central Au+Au, [adding]

dynamic range to jet suppression vs. medium-length studies. The absence of the

spectator generated magnetic field would create an excellent control measurement for N
o the evidence of the so-called local parity violating fluctuations in non-central Au+Au... **



Three Stages of RHIC's Future

Short-term (2011-2016): ongoing upgrades to RHIC .£2, PHENIX &
STAR fuel well-defined program addressing key open questions:

= How perfect is the near-perfect fluid?

* |s the nature of QCD vacuum transformed at RHIC T? (e.g., are

LPV “bubbles” real effect? Chiral symmetry restored?)

= |s there a critical endpoint in QCD phase diagram?

= How is force between g and q modified in QGP?

* How do partons lose energy in traversing QGP?

= Does the QGP respond collectively to the lost energy?

= How do nucleons get their spin from ¢, g constituents?

* |s QCD understanding of transverse spin asymmetries robust?

Issues: Support should be there barring budget disasters, but —
Define complementarity to LHC HI and the need for RHIC’s next two
stages clearly & compellingly!

Medium-term (2017-2022): PHENIX, STAR Decadal Plans aimed at

pursuing compelling long-term questions in A+A, d(p)+A, andﬁ’+ﬁ>

that require further detector upgrades. Also refine/resolve those -
s measurements above if short-term results demand refinement.



Three Stages of RHIC's Future, continued..

Medium-Term Issues: Why are RHIC HI collisions still needed?
Can we demonstrate ability to quantify properties of matter (e.g.,
shear and bulk viscosity, transport coefficients, screening length,
aspects of rapid thermalization, ...) as a function of energy in a
regime where properties appear to change rapidly? Which of
these properties can theory predict quantitatively? Do detector
upgrades needed for this program fit within budget constraints?

Long-term (> 2022): eRHIC —add ~5 GeV (upgradable to 30 GeV)
electron Energy Recovery Linac inside RHIC tunnel to facilitate
e+A,€?+E>(3He) experiments aimed at studying gluon-dominated
cold matter. Fall 2010 INT Workshop progressed in defining
golden experiments, core science program.

Issues: Can we match compelling science program to realizable
project cost? How do we transition from RHIC to eRHIC — can we
accommodate continuing A+A and p+p programs in parallel with
e+A and e+p? Will we have to sacrifice some years of RHIC
operations to support eRHIC construction? How to incorporate EN
sock JLab and other new users?



Plans and Upgrades for Coming ~5 Years Address All
New RHIC-Related NP Performance Milestones...

Year # Milestone
( 2013 HP8 Measure flavor-identified g and q contributions to the spin of the proton via the
longitudinal-spin asymmetry of W production.
2013 HP12 Utilize polarized proton collisions at center of mass energies of 200 and 500 GeV, in
c (update | combination with global QCD analyses, to determine if gluons have appreciable
% of HP1) [ polarization over any range of momentum fraction between 1 and 30% of the
momentum of a polarized proton.
2015 HP13 Test unique QCD predictions for relations between single-transverse spin phenomena
\ (new) in p-p scattering and those observed in deep-inelastic lepton scattering
(| 2014 DM9 Perform calculations including viscous hydrodynamics to quantify, or place an upper
(new) limit on, the viscosity of the nearly perfect fluid discovered at RHIC.
2014 DM10 Measure jet and photon production and their correlations in A=200 ion+ion collisions at
(new) energies from medium RHIC energies to the highest achievable energies at LHC.
c 2015 DM11 Measure bulk properties, particle spectra, correlations and fluctuations in Au + Au
2 (new) collisions at VsNN between 5 and 60 GeV to search for evidence of a critical point in
- the QCD matter phase diagram.
©
% 2016 DM12 Measure production rates, high pT spectra, and correlations in heavy-ion collisions at
(new) VsNN = 200 GeV for identified hadrons with heavy flavor valence quarks to constrain
the mechanism for parton energy loss in the quark-gluon plasma.
2018 DM13 Measure real and virtual thermal photon production in p + p, d + Au and Au + Au
\ (new) collisions at energies up to VsNN = 200 GeV.

Making clear progress toward all the above! New “small” exp’'t AnDY

Bro

under consideration to address HP13 via Drell-Yan spin asymmetries.




The PHENIX Decadal Plan rryscspen

» A comprehensive staged
upgrade built around new
micro-vertex subsystems

» Emphasize full reconstruc-
tion of flavor-tagged jets and
jet correlations, to provide
guantitative probe of QGP
degrees of freedom (quasi-
particles?) as function of
length scale

» Also emphasize system-
atic study of quarkonia with
huge enhancement to
acceptance, to probe color
screening and sequential
melting in QGP

» Add forward spectrom’t’r
for Drell-Yan spin, low-x and
¢ eRHIC DIS measurements

Physics

PHENIX Midterm sPHENIX SuperQCD Era
Physics Plan  (s+e)PHENIX
2010 2012 2014 016 2018 2020 2022

o Silicon VTX
[iF] | | | | Il |
h= Forward silicon FVTX
g | | | | Il |
o Muon trigger / RPC
: | | 1 1 1]
I]AQTr’ SuperDAG
| ” Solenoidal Magnet
i i il
Sta Compact Barrel
Trac Intermediate Tracker,
CEMCal, HCAL
I | 1 | |
Forward Forward El
Upgrade
| || | || |
1 I 1 1 1 ] |
- Stochastic Cooling (longitudinal + transverse) |
o EBIS
h ' ' " ' ' ]
@
[if] Electron Lens + 56 MHz Storage RF
B [ I | I
= Electron-lon
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The STAR Decadal Plan

» Targeted upgrades
to add muon detec-
tion and improved
triggering + forward
instrumentation to
detector that starts
with large acceptance

» Emphasize heavy
flavor and quarkonia
mid-decade, low-X
(incl. spin) physics in
cold nuclear matter in
latter part of decade

» Plan to transition
to early-stage eRHIC
detector in 2020’s,
with detailed design
to come...

Brookhaven Science Associates

Near term Mid-decade Long term
(Runs 11-13) (Runs 14-16) (Runs 17-)
Colliding systems ptp, A+A pip, A+A pip, p+A, A+A,
etp, e+A
Upgrades FGT, FHC, RP, DAQ10K, HFT, MTD, Trigger Forward Instrum,
Trigger eSTAR, Trigger
(1) Properties of Y,Jy—eem,v, Y, Jiy — py, p+A comparison

sQGP

Charm v,, R, corr,
A_ID ratio, p-atoms

(2) Mechanism of

Jets, y-jet, NPE

Charm, Bottom

Jets in CNM, SIDIS,

energy loss ¢/bin CNM
(3) QCD critical Fluctuations, correlations, Focused study of
point particle ratios critical point region
(4) Novel Azimuthal corr, €-J corr, p-j corr
symmetries spectral function
(5) Exotic particles | Heavy anti-matter, glueballs
(6) Proton spin WA, jetand dijet A, AD,ID,,
structure intra-jet corr, (A+A) D, /D, polarized DIS & SIDIS
(7) QCD beyond Forward A, Drell-Yan, F-F corr,
collinear fact polarized SIDIS
(8) Properties of Charm corr,
initial state Drell-Yan, Jiy,

Measurements listed when they first
become possible

Many will continue in future periods

F-F corr, A, DIS, SIDIS




Possible Decadal Machine Upgrades

Among possible collider upgrades under discussion beyond ~2017 are:
» Low-energy electron cooling if beam energy scan results make
compelling case for higher luminosity running below Hl injection energy

» 12 GHz upgrade of stochastic cooling systems for further luminosity
increase of high-energy HI collisions

» Removal of DX magnets and IR rebuild to allow higher beam energy
(especially useful for pp) and lower g*, thus higher luminosity

» Coherent electron Cooling (CeC) to boost pp luminosities. CeC is
needed for eRHIC, and proof-of-principle demonstration is BNL-JLab-
Tech X R&D collaboration with ONP funding.

Possible layout in RHIC IP of CeC driven by a single linac - to boost
polarized pp-luminosity

Kicker for Yellow 7
— FELglor Yellow

Kicker for Blue

—
FEL for Blue

Modulator for Blue
Begrudump Igpy. dual-way electron linac Beqggiump 2
fT= d#45R le
— ->

Brookhaven Science Associates
Gun 2 Gun1

Modulator for \/e

M
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EIC = High-Resolution, Ultra-Fast Imaging of
Gluon-Dominated Matter

4 1) Probing the momentum-dependence of gluon
densities and the onset of saturation in

Twin central< nucleons and nuclei

themes: 2) Mapping the transverse spatial and spin

distributions of quarks and gluons in the

\_ gluon-dominated regime
4 1) Why should we care about gluon-dominated
matter? How do goals connect to other physics
Real goals? Why of interest to nuclear physicists?
questions 2) Is an electron machine necessary? Why not just
from < p+A @ RHIC, LHC?
Galveston 3) What will EIC do that HERA couldn’t?
LRP 2007: 4) If we haven’t solved the nucleon spin puzzle yet,
why do we need a new expensive facility to
\_ pursue it further?

At next LRP, need to answer these questions crisply! Non-linear QCD regime
of high gluon density is critical to understanding high-energy scattering and
" hadron mass generation. EIC would probe it in theoretically tractable region.




Brook

How Would EIC Extend RHIC Science?

Provides quantitative mapping of initial state properties as seen by
RHIC’s colliding nuclei, and extends RHIC’s cold QCD matter results...

Polarized e+p at eRHIC will
provide much more stringent
constraints than RHIC spin
results on the contributions from

soft gluons to the proton’s still

Di-hadron correlations in e+Au vs.
e+p should provide “smoking gun”
(see lower right predictions) for gluon
density saturation, following up on
hints from RHIC d+Au results
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eRHIC Design Under Active Consideration

-

155 GeV —eom
New By

detector

0.60 GeV
5.50 GeV
10.4 GeV
15.3 GeV

17.75 GeV

20.2 GeV
22.65 GeV

25.1 GeV
27.55 GeV

30.0 GeV

RHIC: 325 GeV p or

magnets removed
eSTAR

Vis-a-vis earlier MeRHIC design, this allows for:

> more IP’s

» reduced cost

» reusing infrastructure + det. components

for STAR, PHENIX

130 GeV/u Au with DX

Polarized
e-gun

v'All-in tunnel staging approach uses
two energy recovery linacs and 6
recirculation passes to accelerate the
electron beam.

i e e e 1|
hd QLl:lEJJ.J.E. LLIIC ©leUCLLUL ©l1¢] _}’ Yv1ll

increased in stages, from 5 to 30 GeV,
by increasing the linac lengths .

1.~
e

v Up to 3 experimental locations

» easier upgrade path from 5 GeV eRHIC-

» minimal environmental impact concerns

> IR design to reach 1034 luminosity



eRHIC Accelerator R&D is a Major Long-Term Commitment

Br

FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017
ERL constr./commissioning 7.3 6.0 40 1.0 1.0 1.0 1.0
Second return loop 2.0 4.0 6.0 6.0
Total: ERL development 7.3 6.0 4.0 3.0 5.0 7.0 7.0
Gatling Gun 0.3 33 4.0 3.0 1.0 1.0 1.0
Total: Gatling gun development 0.3 33 4.0 3.0 1.0 1.0 1.0
CeCPOP 2.0 2.2 6.2 8.7 6.2 2.2 2.2
112 MHz Gun / Cryomodule 1.0 1.0
BNL-3 "eRHIC" Cavity & Cryomodule 1.0 24 2.0
Total: CeC experiment 3.0 5.6 9.2 8.7 6.2 2.2 2.2
eRHIC Design / cost estimate 3.9 1.3 23 2.3 2.3 2.3 2.3
Small gap magnets 0.5 0.9 0.5 30 FTE (S up-
Crab cavities 2.0 2.5 4.5 45 po rted from
eRHIC RF power & control 1.0 3.0 3.0 3.0
Total: eRHIC hardware R&D 4.4 2.2 2.8 5.3 7.8 9.8 9.8 RHIC 0 PS an d
Total non-scientific: 15.0 17.0 20.0 20.0 20.0 20.0 200 | /or eRHIC
Total scientific: 10.0 10.0 10.0 10.0 10.0 10.0 100 | p roj ect)
needed in
Non-scientific manpower, R&D projects FY13-17 to
200 reach GD-2
18.0
6o stage by FY17
14.0
12.0 B Total: eRHIC hardware R&D
vy
E 10.0 I Total: CeC experiment
8.0 B Total: Gatling gun development
6.0
40 B Total: ERL development
20 = Technical timeline to
0.0 ' ' eRHIC not much shorter

FY 2013 FY 2014 FY 2015 FY 2016 FY 2017

than financial timeline




Upcoming and Recent Planning Exercises and Milestones

April 10, 2011: 3" EIC International Advisory Committee meeting

May 9-10, 2011 Detector Advisory Committee review of first round
of submitted EIC detector R&D proposals

June 6-8, 2011: PAC review of PHENIX & STAR Decadal Plans

June 21-24, 2011: RHIC user workshop to develop optimal RHIC
strategy going into LRP

June 27-29, 2011: RHIC annual S&T review with *‘all-star’ panel
August 1-3, 2011: eRHIC technical design review

Fall 2011: EIC science White Paper (Steering Committee appointed
and charged, with BNL-JLab-EICC agreement); eRHIC cost review

Fall 2012 (??): Town Meetings for next Nuclear Physics LRP? =
Formulate RHIC strategy clearly by Summer 2012, presumably by .,
“ time of August 2012 Quark Matter in Washington, D.C.



Aim for EIC Science White Paper by End of CY2011

« 2010 INT Workshop report — anticipated ~500 pages, available Spring 2011 —
should serve as starting point, but...

* White Paper should be ~100 pages, aimed at non-experts, useful for
“champions” within DOE, suitable for rest of NP community

* Needs ~5-page general intro (“elevator speech” amplified) to lay out goals,
Importance and uniqueness, answer basic questions raised at last Long Range
Plan in clear, concise, compelling fashion

» ~10-page science sections to flesh out “golden experiment matrices” for
several areas, with simulated “money plots,” light on technical detalil

« ~10-15 pages on basic machine parameters, design options, challenges + ~10
pages on detector design features and challenges

» Steering Committee comprising experimentalist / theorist pairs, broadly
representative of interested institutions, in scientific focus areas listed below:

~ Overall editors: A. Deshpande (Stony Brook), J. Qiu (BNL) and Z.-E. Meziani (Temple)
Gluon saturation in e+A: T. Ullrich (BNL) and Y. Kovchegov (Ohio State U.)

Nucleon spin structure (mostly inclusive e+N): E. Sichtermann (LBNL) and W. Vogelsang
(Tubingen)

GPD’s and exclusive reactions: F. Sabatie (Saclay) and M. Diehl (DESY)

TMD’s, hadronization and SIDIS: H. Gao (Duke) and F. Yuan (LBNL)

Electroweak physics: K. Kumar (U. Mass.) and M. Ramsey-Musolf (Wisconsin)
Accelerator designs and challenges: T. Roser (BNL) and A. Hutton (JLab)

Detector design and challenges: E. Aschenauer (BNL) and T. Horn (CUA)

Senior advisors: R. Holt (ANL) and A. Mueller (Columbia)




Agenda for Users' Workshog on RHIC Future Strategy
(June 21-24, 2011)

Session I: Long-Term Options and Near-Term Plans

Session lI: Decadal Planning for RHIC Heavy-lon Program
| Session Ill: Decadal Planning, continued
=% Session IV: eRHIC

' Session V: Panel and Community Discussion Toward Developing a RHIC

Strategy to Present at Next Long Range Plan

mong the critical questions to be discussed:

! 1) Since LHC HI results very similar to RHIC’s, are both facilities needed?
Which critical QCD matter questions are best answered at RHIC?
2) Will 2-3 year cessation of RHIC ops. be essential to fund eRHIC? If so, what
IS optimal timing?
3) Is it crucial to maintain AA & pp capability into eRHIC era? If so, can we
reconfigure IR’s annually, or do we separate HI from eA in different IR’s?
4) What eRHIC science is realizable within $500M total project cost limit?
5) What is optimal path for detectors and collaborations to evolve from RHIC
to eRHIC?




Two Possible Strategy Options as Discussion Guideposts

1) “Natural Evolution”

= STAR & PHENIX each evolves toward an eRHIC (stage 1)
detector, with some upgrades justified in the shorter term by
enhancing the AA, p/d+A and pp programs at RHIC

= AA, p/d+A and pp operations continue through ~2020, followed
by few-year suspension while eRHIC constructed & installed

= eRHIC construction cost would cover STAR & PHENIX upgrades
beyond ~2020

2) “Collaboration Reconfiguration”

» Useone of STAR and PHENIX halls (infrastructure + some sub-
systems) to mount substantially new, dedicated ep/eA detector

» Use other hall to substantially upgrade an AA/dA/pp detector
that would have a productive program past ~2020

= AimtoruneA (ep)atonelPin parallel with AA/dA (pp) at the
other in eRHIC era

= “Reshuffle” the collaborations according to user interests

Each option has its own significant challenges. Either must be justified

by compelling science and make sense technically and financially.

Detector or machine upgrades (e.g., coherent e-cooling) desired before e
foo @eRHIC project must be justified by the AA/dA/pp science enhancements. "
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RHIC and eRHIC Pioneer Laboratory Study of:

“Condensed matter physics with a force of a different color”

S

© Jody Wright

What are the unigue quantum many-body manifestations of a non-Abelian
gauge theory? Are there lessons for other fundamental (e.g., EW) theories,
that are harder to subject to laboratory investigation?

1) Does asymptotic freedom = high-density (of color charge) ideal QGP
gas at early-universe temperatures? AtT ~ 2T, , RHIC collisions =
“nearly perfect” strongly correlated liquid behavior instead !

2) Does rich vacuum structure = local symmetry violation from high-T
fluctuations near QGP transition? RHIC data consistent with local PV,
CPV; analogous to B-violating fluctuations at EW phase transition
contributing to baryon asymmetry of universe?

3) Do gluon self-interactions = significant role in p spin? (not yet seen) :n

"¢ “universal” saturated gluonic matter? (RHIC hints, eRHIC will delineate) ™



Collider Performance Parameters for RHIC vs.
JLab Designs Have Converged in Past Year
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Updated RHIC 5-Year Run Plan

Assumes sufficient ops. funding for healthy 2-species run each year; aimed
at meeting NP Performance Milestones on schedule; will be updated as we
have definitive information about upgrade schedule and/or budget changes

Year Likely Science Goals New New Gain Comments
Beam Detector Machine from
Species Sub- Upgrades Machine
systems Upgrades
FY10 | AutAu at | Low-mass dilepton STAR TOF | Blue ring Factor >2 Need 4-8
200, 62.4 | spectrum; early completed; | longitudinal + increase in | weeks early in
GeV + collision temp.; PHENIX yellow and blue | average run to (re)com-
‘/ assorted | improved jet HBD for vertical store mission all 4
lower E quenching studies heavy ions | stochastic luminosity stoch. cooling
(especially e~ from cooling; yellow | for full- systems,
heavy quarks); longitudinal energy demonstrate
begin energy scan cooling (uwave | Au+Au gain in lumi.
for critical pt. link) upgrade lifetime
FY11 | 200 GeV | Bottom vs. charm PHENIX EBIS commis- U beam 9MHZz requires
Au+Au; suppression, flow; VTX sioning; capability; upgrade to
500 GeV | antiquark pol'n from | engineer- 9 MHz cavity; improved main PS +
p+p; short | W production; 1st ing run; RHIC beam pp vertex “bouncer”
200 GeV | characterization of AnDY dump; AGS distrib’n; cavity for both
U+U; deformation effects | installed, tune jump improved rings +
continue in U+U centrality commis- quads (comm’d | pol'’n from longitudinal
low-E distrib’ns; continue sioned in in Run 10); AGS; damper or
Au+Au critical pt. search P2 RHIC spin reduced Landau cavity
scan syst. errors | for each ring.

flipper




Year Likely Science Goals New New Gain Comments
Beam Detector Machine from
Species Sub- Upgrades Machine
systems Upgrades
FY12 | AutAuand | RHIC-II HI goals: PHENIX Full yellow + Further “Proton
U+U at 200 | heavy flavor, y-jet, | FVTX and | blue horiz. heavy-ion cannon’
GeV; 500 quarkonium, u trigger; stoch. cooling luminosity increases pol.
GeV p+p multi-particle PHENIX (6 planes in all); | improve- source
correlations; anti- | DAQ/trig ments + current, to
quark and low-x upgrades; improved allow scraping
gluon polariza- STAR FGT proton to improve
tions in proton polarization | polarization
FY13 | 200 + 500 Continue RHIC-Il | STAR HFT | Polarized improved Electron lens
GeV p+p; heavy-ion goals; prototype source pp luminos- | commission-
further transverse spin upgrade; ity ing = Run 13
heavy-ion asymmetry for Electron lenses gains
running to Drell-Yan (2015 possible;
comple- spin milestone); detailed
ment earlier | pp reference data collimator
runs for new upgrade plans
subsystems still to be
developed
FY14 | 200 GeV Continue pursuit STAR HFT | RHIC collimator | Full RHIC-II
Au+Au; of y + jet, energy | pixel det. upgrade; heavy-ion
low-E Au+ scan and (ful HFT in | 56 MHz SRF: luminosity +
Au dictated | identified heavy Run 15); coherent e- improved
by Run 10+ flavor (DM10'12) 50% STAR Cooling install vertex &
11 results milestones; MTD ? starts in IP2 store length

quarkonium prodn




1) Heavy-ion beams to take advantage ;-
of coherent contributions of many
nucleons to gluon density, provide
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What Will EIC Have That HERA Didn't?

saturation regime when QCD

coupling is still weak.

2)

Color Glass Condensate

Confinement Regime
T 1_”-'-1_"1‘-_'_-_- 5
10 0% 10

X

A 10

Polarized proton and 3He (for
neutron), as well as electron,
beams to pursue search for
gluon contributions to nucleon
spin down to very soft gluons,
and map spin-momentum
correlations of quarks and
gluons inside nucleons.



What Will EIC Have That HERA Didn't?
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