ni ab=lay| \V/
Y f"{m.'-—*u -‘Qif\/\_

Los Alamos National Laboratory

PH.ENIX = /-/fosAIamos

AN NATIONAL LABORATORY

EST.1943




Future Vision for the PHENIX Hall

Hard Probes of QGP
o SPHENIX

proposed

«« EIC Detector
G possible

Nuclear Structure via e+{p,A}



Future Vision for the PHENIX Hall

Hard Probes of QGP
o SPHENIX

proposed

Hard Probes of QGP
SPHENIX+ fsPHENIX

_Sw=T possible

™

« EIC Detector
G possible

|- - \._.\7 - n‘ﬂ. ‘ ;

+ Nuclear Structure via p+{p,A} Nuclear Structure via e+{p,A}



History of the Universe

1y @

QA
I

a1

M
c
° g
v
-G

23
3!

él
0-01
e923BW >piep a|quS°d

SJJ! S J

Key:

q quark
g gluon

@ electron

mnuon t tau

N neutrino

Particle Data Group, LBNL, © 2000. Supported by DOE and NSF



IS

“perfect fluid”
viscosity of quantum fluids

1.5

* Kinetic theory
* |attice QCD
== AdS/CFT limit

= Viscous hydro
viscous hydro + flow data
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== AdS/CFT limit
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viscous hydro + flow data
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n/s near T,
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beam of alpha particles Surrounding
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Nucleus electrons
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Particle Data Group, LBNL, © 2000. Supported by DOE and NSF
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SPHENIX proposal

Jets and Upsilons... ~—
| sPHENIX FF Modification 40 GeV Jets s P H-<ENIX
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Projected Uncertainties

An Upgrade Proposal from the PHENIX Collaboration
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Npart x. =pkt) g . . .
w=Pr B * jet trigger estimates
Goal: study of QGP structure over a range of length e b-tagged jets
scales and temperatures with hard-scattered probes e updated luminosity pro;.

¢ et+X observables
e tracking performance
® cfC...

‘[sSPHENIX] presented a compelling physics program.”
~ SPHENIX Science Review Committee



SPHENIX: unique jets

B. Muller. Nucl.Phys., A855:74-82, 2011
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E RHIC Jet Probes

Quark Gluon Plasma at RHIC = | LHC Jet Probes
interactions dominates 8 | QGP Influence
jet evolution:
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at larger length scales in -
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at temperatures closerto T “ | | |
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SPHENIX excels: b-jet Channel

Why Bottom Quarks” They're heavy!
competition between gluon radiation and collisional energy loss
“Dead cone effect” on gluon radiation (proposed Dokshitzer & Kharzeev, 2001)
More sensitive to collisions with constituents within the plasma

light up quark slower bottom quarks
0
c©
e
0 , o6
interference :» === [P e >»

B

faster bottom quarks

mass-ordering of energy loss:

AE, > AE, 4> AE. > AE,




SPHENIX excels: b-jet Channel Il
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Smaller jet backgrounds at RHIC -> crucial extension to low pr for b-jets at sSPHENIX



Smaller Backgrounds from Fake Jets

»—Illll'llw’l]ll ]l'll'!!l """" I'I!III'II'III'IA

— 10 Au+Au @ 200 GeV, 0 - 10%
3 ' ‘o sPHEM Racon. et E
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: 102k R = 0.2 Anti-k, Jets =
fake jets ~3 .- T .
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for R=0.2 jets, > 20 GeV real jets dominate in HIJING
for R=0.4 jets, > 35 GeV enables broad coverage

without jet fragmentation bias



SPHENIX excels: Direct Photon Channel

reco‘\ jet

¥ dir

Spectra in heavy ion collisions...

E 1 pQCD Rates
é 1 \ —e— n°(LHC 2.76 TeV) [R, , suppressed]
Direct photon constrains the 2 107E 1\ N\ o Directy (LHC 2.76 TeV)
initial jet energy... E102f W\ N N\ | T ¥HIC200 G0 R, suppressed]
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Large S/B unique to RHIC yields high precision results in the
energy loss “golden channel”



SPHENIX excels: Upsilon Channel

RHIC vs. LHC collision energy:

(1) 30% temperature reduction 027, 0.747, 11T, 2.37,
(2) negligible recombination rates :
3 c € (GeV/fm?)
3) different mixture CNM effects
YB3 || Y(25)
(4) transverse momentum dependent suppression Y(13)
e Ao
T -< R A
_|_
&
centrality dependence momentum dependence
51'2_ Strickland & Bazow 3 0.8
o i e Y(15) NP A879 (2011) 25 o - e Y(15)
0.7} e Y(25)
C e Y(3S)
0.6 y
| [ I I | I
- ® [ J o L [ J [ J [ [ J
0.5 ! ‘ 1 1 1 1 l
0.4f
0.35—
02} | o1
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+ comparable CNM measurements in p+A



SPHENIX Detector Design

Outer HCal
Solenoid
Inner HCall

Conceptual Design:
e-1.1<n<+1.1, Ad =2n
e BaBar magnet, 1.5 T

e reconfigured pixel + new strip layers

for charged particles 4 meters

e EMCal to measure photons & electrons

e Inner+Outer HCal to complete jet measurement

e High rate DAQ, 15 kHz




Acquisition of the BaBar Magnet

BABAR Detector

‘ Muon/Hadron Detector
Magnet Coil

. Electron/Photon Detector

. Cherenkov Detector P | il et

- Tracking Chamber | |

. Support Tube

‘ Vertex Detector

e’
DESCRIFTION ACQUISITION COST
mem finctude noun nems. FSC Group and Cuss. Condton Code 970 -
': 7 svalatie. Natems S1Ck Nurdwr) UNIT | QuanTITY UNIT TOTAL
{¢) < o) i
Administrative | ransfer - =
1 |BaBar Solenoid and Components ea 1 12,000,000.00] § 12,000,000.00
Date of Mir: 1996
(See attached kst)

Total Acquisition Cost  § 12,000,000.00



SPHENIX Calorimeters

Total = 6A
* EMCAL =18X,~1A,
* Inner HCAL =1A,
* Magnet =1X, RRISHHES
* Outer HCAL =4A,

264.5

173

HCal 5\ deep (plus EMCal 1A deep)
leads to few percent energy leakage
for hadrons above 50 GeV; LIS

comparable to other contributions to %

energy resolution constant term. EMCAL

140

113.5

90

Key difference with calorimeters for

much higher energy jets. | il
p+p jet energy resolution ~ 65% / sqrt(kE)



EMCAL SPACAL Option

18 X, deep
2.3 cm Ry, = cell size

256x96 = 24,576
channels

Sampling fraction =
2%

Resolution = 12%/VE ..

~ 500 pe/GeV

SPACAL prototypes (Tsai)

EIC BEMC at eta=0.9, 0.3, 0, Energy Resolution

: . L f
% 014} t $ean0h | 0 ) 8 + 0.0022¢
! pl ). 095806 + 0.00559
1 o

0.08}

0.06}

e
A A A A l A l
0 2 <4 6 8 10 12
Beam Energy (GeV)

FNAL T-1018
results



Silicon Tracking Layers

side view' EMCAL

R= 80.0cm ¢ strip)

R= 45.5cm (U strip)

R= 44..5cm (¢ strip)

R= 10.5cm (U strip)

R= 9.5¢cm (¢ strip)

R=4.6cm (VTX Pixel)
R=2.7cm (VTX Pixel)

sPHENIX conceptual design

Provides 100 MeV/c2 mass
resolution for Upsilon states

Technical design R&D ongoing

Layer ¢ pitch z pitch Thickness
(um) (mm) (%)
1 50 0.425 1.3
2 50 0.425 1.3
3 60 8
2.7
4 240 2
5 60 8
2.0
6 240 2
V4 60 8 2.0




SPHENIX Extension Concept

SsPHENIX

o - //'

forward sPHENIX
““‘(fsPH,E___\I,\,_IV!}»(/)/ :

HCAL

BaBar Solenoid

EMCal

" pre-shower

. \Tckerz

pre-shower

EMCal

BaBar Solenoid

GEM tracker 3

Stage in more of the EIC detector Jet Measurements:

prior to EIC construction
(2) GEM tracking

More: http://www.phenix.bnl.gov/phenix/WWW/publish/dave/sPHENIX/pp pA whitepaper.pdf

(1) hadronic calorimeter



http://www.phenix.bnl.gov/phenix/WWW/publish/dave/sPHENIX/pp_pA_whitepaper.pdf

fSPHENIX Spin Motivation
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fsSPHENIX Spin Motivation
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EIC Physics

FFAG Recirculating Electron Rings e R H I C d es i g n

ERL Cryomodules

7.9-21.2 GeV

1.3-6.6 GeV @ ‘ (2025+)
A
) ‘4

Beam Dump

J Polarized

Electron Source

2D+1 picture in momentum space

— —
+ P
(1) Proton Structure
Helicity Structure
Transverse motion

Spatial distributions
TMDs & GPDs

(2) QCD in nuclei 4
Nuclear PDFs
Propagation in fo

Nuclear Matter fﬁ
Gluon Saturation

0.5

ky(GeV)

-0.5

ky(GeV)

0.5

ky(GeV)

-0.5

-0.5 0 0.5
ky(GeV)

o~ kg

" rax density” /-~

) I know how to
: . do physics here

Kt



Future at the PHENIX Hall

Where we are going... Where we can sojourn...
starting 2021 early 2020s

A f e
Outer Hcal 280cm
Solenoid -
220cm {
Inner HCal
180cm
, p n=2.0
EMCal _ BaBar Solenoid %; fHCAL
. 120cm ; n=2.4
Si Tracker - - e 3
tracker2 n=3.0
GEM \
trackerl
n=4.0
— 2 — e
R R | B =40
A A GEM n=a.
‘H: : trackerl
A GEM ! n=3.0
tracker2 M
120cm % n=2.4
[
4 meters L BaBar Solenoid g fHCAL n=2.0
180cm
PH-“ENIX |
7I\N
220cm
S¢ENIX
280cm ///\\\
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Future at the PHENIX Hall

Where we are going... Where we can sojourn...
starting 2021 early 2020s

n=1.2
r4
A r
Outer HCal 280cm
Solenoid -
220cm {
Inner HCal
180cm
) 2 n=2.0
EMCal BaBar Solenoid %; fHCAL
120cm 5 =
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Si Tracker cem 3
80cm tracker2 n=3.0
GEM
trackerl n=4‘0
high B retumn. —— I |
—? 3 — o - 1 |
2| oA n=4.0
GEM
‘H: : trackerl
A e GEM ‘ n=3.0
. tracker2 m
..... AN 120cm g n=2.4
s
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. 0.8 11\ . e
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15 20 25 30 35 40 45
b-jet P, (GeV)
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EMCal
Si Tracker .
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Future at the PHENIX Hall

Where we are going...
starting 2021
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Where we can sojourn...
early 2020s
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What we are planning for...
late 2020s

EIC Detector ...
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Heavy lon Collisions

LHC

QCD Phase Diagram 3 25
Quark-gluon plasma above a few 107> K o
. e )
Reachable by collider facilities S L .f
SR
Critical point being sought S |
qE> - Pion-Proton
= F Gas
0.5_—
4 16.0 + LHC Pb+Pb — i
S/T : — 0 pao e v v s bv v s by v by By by by vy
14.0 | « RHIC Au+Au ESB/-|-4 ] 0 200 400 600 800 1000 1200 1400 1600
120 . Matter Excess, Yz (MeV)
. —— —
10.0 i ¥
8.0 Lattice QCD Calculations
6.0 3 flavour —— Energy density indicates partonic degrees
2+1 flavour ——— ~
40 | Aot of freedom open at Tc = 170 MeV
20 4 |
- To ~ 170MeV Kirsh, et. al. |deal gas of quarks and gluons at
0.0 : ' ' ' ' ' Lo
10 15 20 25 30 35 40 arbitrarily large T
T/T,

(Data) Strongly-coupled fluid near Tc



n/s
Fluid Imperfection

Viscosity near Phase Iransitions

Ultra-Cold Superfluid Wat Quark-Gluon
102 Atoms Helium ateh Plasma
10 =y /
. String Theory Limit
i 1 | 1 | L // 1 | 1 | 1 | L //1 \ | \

0 4 8 " 4 8 12 "4 8
x107 x10° x10?

Temperature (K)

Many systems have
minimum shear viscosity Quark-Gluon Plasma is
to entropy density near not yet well constrained
phase transformation on this question



Viscosity near Phase Iransitions

Ultra-Cold Superfluid Wat Quark-Gluon
Atoms Helium oy Plasma

-t
o
N

n/s
Fluid Imperfection
=)

\

. String Theory Limit

1 | 1 | L // 1 | 1 | 1 | L //1 \ | \

0 4 8 7 4 8 12 "4 8
x107 x10° x10?

Temperature (K)

Many systems have
minimum shear viscosity Quark-Gluon Plasma is
to entropy density near not yet well constrained
phase transformation on this question



Space-Time Evolution

n, K, p, ...
e T [
/fo Teh
| | %

Kinetic Freeze Out (~10-15 fm/c)

Chemical Freeze Out (~7 fm/c)

Mid Rapidity

Hadron Gas

Phase Transition (~4 fm/c)

QGP

Hydrodynamic
Evolution Pre-Equilibrium
Phase (< 1) Thermalization (~0.6 fm/c)
[
a) without QGP b) with QGP :

Nuclear Crossing (~0.1 fm/c)

*values for RHIC at 200 GeV



Event Geometry Controls

spectators .~~~ _ Impact parameter studied via
e \/“ —_—

B ‘_ AR St centrality selection

@ Large impact parameter
: — peripheral events, <100%

98 % . ¥ Small impact parameter
& N participants
— central events, =0%
before collision after collision

Measured at large pseudorapidity

10_ PHOBOS Glauber MC

Tool: Glauber Monte Carlo simulation -

Simple geometric description of A+A SC

Includes statistical fluctuations A I

e 0

Number of Participating Nucleons, Npart > .

~ system size 5:

Number of Binary Scatterings, Ncol
~ hard process cross-section o




Indications of Viscosity Differences

<Vn2>1 2

0.2 t[v, ro:| ATLAS 20-30%, EF
— tSWitCh = 0.2 'm/C ®

0.15 ¢

0.1

0.05

0
0.2 |(vy =« | RHIC 200GeV, 30-40%
Vo = | filled: STAR prelim.

015 open: PHENIX .
nWs=0.12

0.1 [|vg woeee -

o“—“g-".€ N

0-05 1 3 .m ] .,-".!”:
...... ;"_’.‘”f'ﬂ : B

0 - "y -

0 05 1 15 2

Calculation from Bjoern Schenke

from the soft sector:

There are indications now
that the shear viscosity to
entropy is smaller at RHIC

How might these changes
appear in the hard sector?



Information on Medium Properties

Using Coleman-Smith’s dijet asymmetry the effective coupling is
varied, how well can our projected measurement for 35 GeV jets
with R = 0.3 constrain this parameter.
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Of course, many observables need to be included since there is
more than one unknown. The key is over-constraining the problem



Interaction of jet with medium

Sl:omparison to LHC data Dsistribution of A] at RHIC energies
T - B - ) - v | ' I !

| | |
® ATLAS Pb-Pb 0-10% i - — PYTHIA
— PYTHIA | === PYTHIA +0-10% Au+Au
] === PYTHIA + medium 4= | == PYTHIA + 40-50% Au+Au -
{ —  E,>20GeV, E,>5GeV, R=0.4
< {
a®

Guang-You Qin, Berndt Muller
PRL 106, 162302 (201 1)




dN/dA

Same at LHC, different at RHIC

PY THIA+fastjet p+p
MARTINI+fastet Pb+Pb
ATLAS p+p 7 TeV
ATLAS Pb+Pb 0—-10%

O Qin Pb+Pb

MARTINI:

O
o

0.8

7 = . . . .
Qin DFHp — - —-
| 6¢F Qin Au+Au
MARTINI p+p ---ee-e-
Jri MARTINI Aut+Au
| | 0-10% R =04, E>35 GeV, E,> 5 GeV
4 i
! RHIC
3 |
2
1

1 0 0.2

Bjorn Schenke




QGP Constituent Mass Dependence

C. E. Coleman-Smith* and B. Miiller
Department of Phusics. Duke University. Durham. NC 27708-0305

http://arxiv.org/abs/arXiv:1209.3328
ghat -2 scattering of leading parton = radiation e-loss

ehat = energy transferred to the QGP medium

(U' 0.5
< 0.45

Jet E; =30 GeV
T =350 MeV
o, =0.3

0.4
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0.2 Limit of infinitely massive

scattering centers yields all

- .. radiative e-loss.
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Resolution: Underlying Event Impact

Default Hijing + AntiKt R=0.2

Q. =
f —0.16
8 70 -
-
~0.14
Q .
& 60
e r ~0.12
501
- ~0.1
40:—— ......
- —0.08
30
- —0.06
20E 0.04
108 0.02
0 h 1 1 L ; 1 1 1 L i 1 l L L 0
0 20 40 60 80 100

hijing + p+p true p'Tet

A 30 GeV embedded jet picks up ~10 GeV
from the background to become
a 40 GeV reconstructed jet

'y Y —
(=2} o N ey

Background P (GeV/c)

2[~ Unfold this: .
0 L 111 l 1 1 1 [ L 11 l 11 1 I L 11 l 1.1 11 l L 11 l 1 1 11 [ | . l 1 l.‘
0 10 20 30 40 50 60 70 80 90

Default Hijing + AntiKt R=0.2

l-[YI.ITIAIA] T TIYI.ITI-l]lTl-IYIYIIlYIYIYI

p+p true p_ t

Subtract: ~10 GeV/c per jet
Unfold: ~3.5 GeV/c of smearing

~7 GeV/c of smearing at R=0.4
Comparable to HCAL resolution

More on jet subtraction:
PRC 86, 024908 (2012)



Jet Performance: p+p
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PYTHIA + Geant4, anti-k_R=0.2 R - O . 2 : 65 % / \/E

PYTHIA + Geant4, anti-kT R=0.4 R=O'4' 60%/ \/E
both small constant term

energy resolution
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these resolutions are substantially better than the requiread
resolution, driven by very good HCal resolution



Jet Performance: A+A

PYTHIA events embedded into central HIJING events

0.4

g 0.35 ; " HIJING + PYTHIA + Geantd, anti-k R=0.2

5 . E ®  HUING + PYTHIA + Geantd, anti-k_R=0.4

g 0 3.: 7 PYTHIA + Geant4, anti-k R=0.2

5 E PYTHIA + Geant4, anti-lg R=0.4 .

ga%;- lines: p+p
0.2} resolution @ UE

015k ' smearing

01312;; 4, | 7/ GeVforR=0.4
A 2000008 05088855005.500 31
: BRRAAAASTA T 35GeVforR=0.2
0.05
u | | . - l | )
25 30 35 40 45 50 55




Jet Spectra Projections

D+pP central Au+Au

| ] IIIIIIIIIIIIIIIIIIII ~
PYTHIA-8 Inclusive Jets J

FastJet anti-k, R=0.2 truth

----------- SPHENIX measured with res. @ underlying evt.
sPHENIX measured and Unfolded (Bayes Method)

| | 1 | 1 | | ) | 1 1 | 1 ! 1 | 1 | | |

PYTHIA-8 Inclusive Jets
FastJet anti-k, R=0.2 truth

----------- sPHENIX measured with det. res.
sPHENIX measured and Unfolded (Bayes Method)
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resolution shifts exponential spectra out in pr
red shows unfolded result which agrees with truth



Longitudinal Unfolding
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Flavor Dependence
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Quark and Gluons have very different fragmentation functions
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SPHENIX calorimetric measurement gives the
same energy scale and resolution.

Critical for extracting longitudinal redistribution of energy.



Tracking Optimization |

Y(18.28,38) 5 e'e Y(1S,25,3S) — e'e’
350 — . B
- ?;EA: g:.'tst%) - SPHENIX MIE 300/ sPHENIX
- v B _20N°
o July 2014  foBevents New
signal only o501 Confi
250 N.., scaled . | onfig.
200l - Under Eval.
- 0,5=138 MeV 2005, = 98 + 3.0 MeV } Sept. 2014
150 — Z
= 150
100— : _ -
- AT 100
50— * 1% '.:‘ e B X
©; 75 8 85 9 95 0 1o i1 S0 '
Mass (Gev/c) oy ” A ‘. w. ‘
| O s e e 9 95 10
Mass resolution and expected counts invariant mass (GeV/c®)
(without backgrounds) from sPHENIX
Proposal Revised design improve mass
resolution

Recelved suggestion at physics review | |
to further optimize tracking and evaluate Figure of merit to preserve as we
performance/cost tradeoff further revise the design
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oF - "PYTHIA p+p 200 GeV, 3x10° evts ] >
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Tracking Optimization Il

Sdca =dca/ O'dca
sPHENIX has explored b-jet tagging through
requiring tracks in the jet with
a large 2-D distance of closest approach
(d.c.a) to the primary vertex

Fast simulation using parameterized detector
responses (inc. vertex resolution of 70 um)

3 track 2 track

—
Q

1 track

102

Ml <1, p '> 20 GeVic

PYTHIA p+p 200 GeV, 3x10° evts
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b-jet efficiency

Reasonable efficiency vs purities can be
achieved.

Preserve as design criteria during
follow-up GEANT4 studies



—L

— —
N L <N @ N
T

R,, 0-10% Central Au+Au

Projected jet Raaand Ay

Simulation Results

——=&—— sPHENIX Unfold Projection

Jet Quenching (Qin et al.)

Jet Quenching (Vitev et al.) w/o CNM effects

---------- Jet Quenching (Vitev et al.) w/ CNM effects
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Physics Detectors Requirements

EMCal o/E < 20%/VE

c/E < 100%/+E

Full jet reconstruction HCal / /VE sPHENIX
Ay x Ap ~ 0.1 x0.1

uniform within || <1

o/E ~15%/+vE sPHENIX
Direct 7, pr > 10GeV/c EMCal /E~15%/VE
An x A¢ ~ 0.03 x 0.03
VTX 4 layers ' Current PHENIX
Jet-hadron tracking pr < 4GeV/c
Solenoidal field sPHENIX
, Jets as above EMCal and HCal sPHENIX
High-z FFs
Tracking Ap/p ~ 2% Future Option
Jets as above EMCal and HCal sPHENIX
Tagged HF jets DCA capability Current PHENIX VTX Current PHENIX
Tracking Ap/p ~ 2% Future Option
Heavy quarkonia Electron ID
0/E ~15%/+E
EMCal v sPHENIX
An x A¢ ~ 0.03 x 0.03
, e/ rejection Future Option
Separation of Y states Preshower
fine segmentation
Tracking B=2T sPHENIX
Ap/p ~ 2% Future Option
E ~15%/+VE PHENIX
EMCal 7/E = 15%/ VE °
0 An x A¢p ~ 0.03 x 0.03
" to pr = 40GeV/c
27 separation Future Option
Preshower

fine segmentation
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beam  energy (GeV)
pP+pP 62 - 510
(d,He®)+Au 200
Cu+Cu 22 - 200
Cu+Au 200
Au+Au 7/ -200
U+U 193

energy (GeV)
7000-8000
5020

2760




Resolution: Background Subtraction

PHYSICAL REVIEW C 86, 024908 (2012)

Method for separating jets and the underlying event in heavy ion collisions at the BNL Relativistic
Heavy Ion Collider

J. A. Hanks,! A. M. Sickles,” B. A. Cole,* A. Franz,” M. P. McCumber,* D. P. Morrison,? J. L. Nagle,* C. H. Pinkenburg,”
B. Sahlmueller,' P. Steinberg,> M. von Steinkirch,' and M. Stone*
'Department of Physics and Astronomy, Stony Brook University, SUNY, Stony Brook, New York 11794-3400, USA
2Physics Department, Brookhaven National Laboratory, Upton, New York 11973-5000, USA
3Columbia University, New York, New York 10027, USA and Nevis Laboratories, Irvington, New York 10533, USA
*University of Colorado, Boulder, Colorado 80309, USA
(Received 6 April 2012; published 10 August 2012)

Run jet reco Determine set of R=0.2 seed jets
algorithm on 0.1x0.1 1% pass: towers in jet satisfy <EIE””> >3
calorimeter cells 20 pass: jet Er > 20 '

v v

e )
Determine v> for event
- exclude towers within An < 0.4 of seed jet

| 2

Determine background Ert in 1 strips
- demodulate by v2
- exclude towers within AR < 0.4 of seed jet

.

Ve

-

Subtract background from jets Subtract background from event
tower-by-tower tower-by-tower
- first remodulate background by v - first remodulate background by v

[ Run jet reco algorithmj

[ Output: background subtracted reco jets of various R values )




BNL Proposed 10-year Plan

2014

2015-16

2017

2018-19

2020

2021-22

2023-24

15 GeV Au+Au
200 GeV Au+Au

p+p at 200 GeV

p+Au, d+Au, He+Au at
200 GeV

High statistics Au+Au

No Run

5.20 GeV Au+Au (BES-2)

No Run

Long 200 GeV Au+Au with
upgraded detectors
p+p, p/d+Au at 200 GeV

No Runs

Heavy flavor flow, energy loss,
thermalization, etc.
Quarkonium studies

QCD critical point search

Extract n/s(T) + constrain initial
quantum fluctuations

More heavy flavor studies
Sphaleron tests

Transverse spin physics

Search for QCD critical point and onset
of deconfinement

Jet, di-jet, y-jet probes of parton
transport and energy loss mechanism
Color screening for different quarkonia

Electron lenses
56 MHz SRF
STAR HFT
STAR MTD

PHENIX MPC-EX
Coherent e-cooling test

Low energy e-cooling
upgrade

STAR ITPC upgrade
Partial commissioning of
sPHENIX (in 2019)

Complete sPHENIX
installation
STAR forward upgrades

sPHENIX

Transition to eRHIC



