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Future plans at RHIC: 
sPHENIX
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McLerran 2008

Intersections
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30 years ago

NA35 collaboration
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Observe the QGP/HG phase transition 
Critical phenomena!

McLerran 2008
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Observe the QGP/HG phase transition 
Critical phenomena!

McLerran 2008

Discover the QGP 
Onset of Deconfinement
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What are the properties of QGP? 
Initial structure, Transport coefficients,…

Find the Critical Point! 
Critical phenomena

McLerran 2008

Observe the QGP/HG phase transition 
Critical phenomena!

Discover the QGP 
Onset of Deconfinement
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Established viscous hydrodynamics as successful effective theory of long-
wavelength dynamics of QGP (at few x Tc) 

Explained structure and fine-structure of final state correlations based on 
understanding of initial geometry at (thermal) O(1fm) scale and transport 

coefficient η/s ~ 1/(4π) 

Demonstrated unique place of sQGP among known states of matter; broad 
connection with other strongly coupled materials (from string theory to cold 

atoms)

ψ

Gale, Jeon, Schenke 
Int.J.Mod.Phys. A28 (2013) 1340011 

QGP properties: η/s
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High multiplicity events selected with online track reconstruction. Used 
unprescaled trigger on 1pb-1 (5x1010 events)

Nch = 258      dNch/dη≈65 CMS arXiv:1009.4122

2010
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Pronounced structure at large Δη around Δφ≈0 !

MinBias High multiplicity (N>110)

Charged hadron correlations  
in CMS tracker (|η| < 2.4)

Long-range near-side correlations seen in 7TeV pp
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Average over  
ridge region 
(2<|Δη|<4)

Study the “long-range” region “ZYAM”: Normalize associated  
yield to be zero at minimum

Much stronger effect seen in pPb at 5TeV



Gunther Roland Mexico City, Oct 30  2017 16



Gunther Roland Mexico City, Oct 30  2017 17

JET collaboration, 2013

High pT/high mass 
vectorbosons unmodified

High pT hadrons suppressed 
compared to pp

Charged hadrons 
suppressed

QGP properties: q, e^ ^
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What are the properties of QGP? 
Initial structure, Transport coefficients,…

Find the Critical Point! 
Critical phenomena

McLerran 2008

Observe the QGP/HG phase transition 
Critical phenomena!

Discover the QGP 
Onset of Deconfinement
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What are the properties of QGP? 
Initial structure, Transport coefficients,…

Find the Critical Point! 
Critical phenomena

McLerran 2008

Observe the QGP/HG phase transition 
Critical phenomena!

Discover the QGP 
Onset of Deconfinement

How does QGP work? 

How do observed 
properties emerge? 

What is its microscopic 
structure?
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QGP

Sc
al

e

Short

Wavelength

Long

Wavelength

Nuclei➔NucleonsAtoms➔Nuclei Nucleons➔Quarks

What is the  
microscopic structure  

of QGP?

Probing the inner workings of QGP

21
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b bb bb b

ϒ(1s)ϒ(2s)ϒ(3s)

Parton mass/flavorJets and jet structure

Upsilon spectroscopy

g

u,d,s

c

b

Three key approaches to study  
QGP structure at multiple scales

22

Probing the inner workings of QGP
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Physics goal Detector requirement

High statistics for rare probes Accept/sample full delivered luminosity  
Full azimuthal and large rapidity acceptance

Precision Upsilon 
spectroscopy

Hadron rejection > 99% with good e+/- acceptance 

Mass resolution 1% @ mY

High jet efficiency and 
resolution

Full hadron and EM calorimetry 

Tracking from low to high pT

Control over parton mass Precision vertexing for heavy flavor ID

Control over initial parton pT Large acceptance, high resolution photon ID

Full characterization of jet final 
state High efficiency tracking for 0.2 < pT < 40GeV 

Physics drives detector requirements

23
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• sPHENIX Concept in the PHENIX Decadal Plan (charged by ALD Steve Vigdor): October 
2010  

• Original proposal http://arxiv.org/abs/1207.6378: July 2012  
(new superconducting solenoid & optional additional tracking)  

• BNL Review (chaired by Tom Ludlam) of sPHENIX proposal: October 2012  

• Updated sPHENIX proposal: October 2013


• BNL Review (chaired by Sam Aronson) of “ePHENIX” LOI: January 2014 

• “ePHENIX” White Paper (http://arxiv.org/abs/1402.1209): February 2014  

• Future Opportunities in p+p and p+A with the Forward sPHENIX Detector (http://
www.phenix.bnl.gov/phenix/WWW/publish/dave/sPHENIX/ pp_pA_whitepaper.pdf): April 
2014  

• Updated proposal, submitted to DOE: June 2014 (incorporation of Babar magnet and tracking)  

• DOE Science Review: July 2014  

• Updated Proposal http://arxiv.org/abs/1501.06197 : November 2014  

• DOE Science Review (chaired by Tim Hallman): April 2015 – successful science review


• Science collaboration formed: December 2015  

• sPHENIX CD-0: October 2016 (DOE Mission need”) 

• MVTX pre-proposal: March 2017;  Director's review July 2017


• Modest forward upgrade LOI: June 2017


• DOE CD-1 review expected in first half of CY 2018 (Director’s review August 2017)

Seven years of development

An Upgrade Proposal from the PHENIX Collaboration
Original: July 1, 2012

Updated: October 1, 2013
Updated: June 19, 2014
Updated: November 19, 2014

sPHENIX preConceptual Design Report
October 27, 2015

24

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

The PHENIX Collaboration
February 3, 2014
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Future Opportunities in p+p and p+A
Collisions at RHIC with the Forward

sPHENIX Detector

The PHENIX Collaboration
April 29, 2014

The PHENIX Experiment at RHIC

Decadal Plan 2011–2020
Brookhaven National Laboratory

Relativistic Heavy Ion Collider

October, 2010

Spokesperson Barbara Jacak
Stony Brook University

Deputy Spokesperson Jamie Nagle
University of Colorado

Deputy Spokesperson Yasuyuki Akiba
RIKEN Nishina Center for
Accelerator-Based Science

Operations Director Ed O’Brien
Brookhaven National Laboratory

Deputy Operations Director for Upgrades Mike Leitch
Los Alamos National Laboratory

Deputy Operations Director for Operations John Haggerty
Brookhaven National Laboratory

An Upgrade Concept from the PHENIX Collaboration

July 1, 2012
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sPHENIX-note sPH-cQCD-2017-001

sPHENIX Forward Instrumentation
A Letter of Intent

The sPHENIX Collaboration
June 2017

A Monolithic Active Pixel Sensor 
Detector for the sPHENIX 
Experiment



64 institutions and counting

Augustana University 
Banaras Hindu University 
Baruch College, CUNY 
Brookhaven National Laboratory 
CEA Saclay 
Central China Normal University 
Chonbuk National University 
Columbia University 
Eötvös University 
Florida State University 
Georgia State University 
Howard University 
Hungarian sPHENIX Consortium 
Insititut de physique nucléaire d’Orsay 
Institute for High Energy Physics, Protvino 
Institute of Nuclear Research, Russian 
Academy of Sciences, Moscow 
Institute of Physics, University of Tsukuba 
Iowa State University 
Japan Atomic Energy Agency 
Joint Czech Group 
Korea University 
Lawrence Berkeley National 
Laboratory 
Lawrence Livermore National Laboratory 

Lehigh University 
Los Alamos National Laboratory 
Massachusetts Institute of Technology 
Muhlenberg College 
Nara Women’s University 
National Research Centre "Kurchatov 
Institute" 
National Research Nuclear University 
"MEPhI" 
New Mexico State University 
Oak Ridge National Laboratory 
Ohio University 
Petersburg Nuclear Physics Institute 
Purdue University 
RIKEN 
RIKEN BNL Research Center 
Rikkyo University 
Rutgers University 
Saint‐Petersburg Polytechnic University 
Stony Brook University 
Temple University 
Tokyo Institute of Technology 
Universidad Técnica Federico Santa María 
University of California, Berkeley 
University of California, Los Angeles 

University of California, Riverside 
University of Colorado, Boulder 
University of Debrecen 
University of Houston 
University of Illinois, Urbana-Champaign 
University of Jammu 
University of Maryland 
University of Michigan 
University of New Mexico 
University of Tennessee, Knoxville 
University of Texas, Austin 
University of Tokyo 
Vanderbilt University 
Wayne State University 
Weizmann Institute 
Yale University 
Yonsei University

25



4th sPHENIX Collaboration Meeting (June 2017)
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sPHENIX Detector

Central	Tracking	
– TPC	
– INTT	
– MVTX

Solenoid	Magnet

Electromagnetic	
Calorimeter

Hadronic	
Calorimeter	
– Outer	
– Inner

• Full	Azimuthal	Coverage	
• |eta|	<	1.1

27



sPHENIX Magnet

• Former BaBar Experiment’s SC-Solenoid - B ~ 1.4T 

• Inner Radius of 140 cm and 33 cm thick 

• 3.8 m long
2016	Successful	low	field	test	
2017	Full	field	test	soon

2015

28



Central Tracking System

Good momentum resolution 
from pT=0.2 to 40GeV

DCA	resolution	<25	μm	
at	pT	>	1	GeV

29



MVTX (micro vertex tracker)

Chip	tests	@	CERN

• MAPS	technology	(copy	of	ALICE	ITS	upgrade		IB)	

• Fine	pitch	28	x	28		um2	

• Good	time	resolution	5	us	

• High	efficiency	>	99%	

• Low	noise	<	10-6	

30



TPC

Res	<	250	um

153.6k	channels

• From	20	cm	to	78	cm	in	radius	and	2.11	m	in	Z	

• Continuous	(high	rate)	readout	achieved	with	MicroPattern	gas	detectors	(Quad-GEM)	

• 72	modules:	2(z)	x	12	(phi)	x	3	(r)	with	mix	pads	geometries:	rectangular	and	zigzag	

• Ne-based	gas	for	high	ion	mobility	and	low	transverse	diffusion

31



Calorimeter stack

• EMCAL: Tungsten w/ embedded SciFi 

• HCAL: Steel and scintillating tiles + WLS 

• SiPM’s (B field resistant)

Input Energy (GeV)
0 5 10 15 20 25 30 35

M
ea

su
re

d 
En

er
gy

 (G
eV

)

0

5

10

15

20

25

30

35
Electrons in HCAL

2
truth - 0.012Etruth=1.42ErecoE

Hadrons in HCAL

truth=ErecoE

Input Energy (GeV)
0 5 10 15 20 25 30 35

In
pu

t E
ne

rg
y

M
ea

su
re

d 
En

er
gy

0.8

1

1.2

Input Energy (GeV)
0 5 10 15 20 25 30 35

/<
E>

)
Eσ

R
es

ol
ut

io
n 

(

0

0.2

0.4

0.6

0.8

1

1.2
Hadrons in HCAL

E81.1%/⊕11.8% ⊕p/p) δE/E = 2%(∆

Electrons in HCAL

E31.3%/⊕8.7% ⊕p/p) δE/E = 2%(∆

(a) (b)

Fig. 27: HCal Standalone measurements without the EMCal in-front. (b) HCal linearity for electrons and hadrons. The lower
panel shows the ratio of reconstructed energy and the fits. (a) Corresponding HCal resolution for hadrons and electrons. A beam
momentum spread (�p/p ⇡ 2%) is unfolded and included in the resolution calculation.
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Fig. 28: HCal hEei/hE⇡i response. Data is compared with sev-
eral different GEANT4 simulation setups by changing physics
lists and Birk’s constants. Simulation with Birk’s constant 0.02
cm/MeV describes the data well.

calorimeters. These events are shown as red points in885

Figure 29.886

• FULL: This represents all hadron showers irrespective of887

their starting point. They are shown as black points in888

Figure 29. These include hadron showers that start either889

in the EMCal, inner HCal, outer HCal or MIP through all890

three calorimeter systems.891

These event categories help diagnose each section of the892

calorimeters independently as well as understanding of the893

leakage variations, shower containment and longitudinal fluc-894

tuations depending their starting position. EMCal energy was895

balanced with respect to the HCal in a similar way described in896
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Fig. 29: Hadron energy measurement with combined EM-
Cal+HCal detector. Events were sorted into three categories.
HCALOUT where showers MIPs through the EMCAL and
HCALIN. HCALIN+HCALOUT where showers MIPs through
the EMCAL. EMCAL+HCALIN+HCALOUT which includes
all the showers irrespective of their starting position.

the previous section. As expected, Figure 29 shows the fraction897

of HCAL or HCALOUT events increases as a function of beam898

energy. The peaks at the lower energy corresponds to the small899

fractions of muon events MIP through the calorimeters.900

The corresponding hadron resolution is shown in Fig-901

ure 30(a). Data are fit in a similar manner with �E/E =902
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Fig. 25: Tower to tower calibration for inner and outer HCal was done with cosmic muons. (a) Inner HCal cosmic muon energy
deposition in simulation in one column. Muons were simulated at 4 GeV moving from the top to bottom. Bottom towers energy
depositions are higher due to the tilted plate design where muons has to go through a longer path through the scintillating tiles.
(b) Measured raw ADC spectrum of cosmic MIP events in the inner HCal.
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Fig. 26: Hadron reconstruction in standalone HCal setup. Cali-
brated 4⇥4 tower energies were added together from inner and
outer HCal. The simulation is shown by the filled histogram and
the solid points are the data. Both are in good agreement. The
peak at the lower energies in the data corresponds to the small
fraction of muon events that MIP through the HCal, were not
simulated.

matches the expected resolution from simulations very well.847

The HCal was calibrated for hadronic showers and then used848

to measure electron showers. The electron resolution for the849

standalone HCal is 8.1 � 31.3%/

p
E. This demonstrates the850

HCal’s ability to assist the EMCal by measuring the electron851

energy leaking from the EMCal into HCal.852

As seen in Figure 27(b), the hadron energy response is853

well described by a linear fit where reconstructed energy is854

same as the input energy. The bottom panel shows the ratio855

between the reconstructed energy and the fit. The 4 GeV hadron856

measurement is poor due to the fact that the hadron peak is hard857

to distinguish because it is too close to muon MIP peak as seen858

in Figure 26. The electrons are described well with a second859

order polynomial due to non-linear e/h response.860

Figure 28 shows the HCal hEei/hE⇡i response. Data is861

compared with several different GEANT4 simulation setups by862

changing physics lists and Birk’s constants. Simulation with a863

Birk’s constant of 0.02 cm/MeV describes the data well.864

E. Hadron Measurement with sPHENIX configuration865

The full hadron measurement is done with the sPHENIX866

configuration, which includes all three segments of calorimeters867

including the EMCal in front of the HCal. In this configuration868

the total energy will be reconstructed by summing up the869

digitized data from both the EMCal and HCal. The development870

of hadronic showers is a complicated process with significant871

fluctuations of the reconstructed energy compared to electro-872

magnetic showers. Distinguishing the shower starting position873

helps to understand the longitudinal shower development fluc-874

tuations. Therefore, in this analysis, the events are sorted into875

three categories depending on their longitudinal shower profile:876

• HCALOUT: Events where hadron showers MIP through877

the EMCal and inner HCal. These showers are developed878

primarily in the outer HCal alone or MIP through the full879

calorimeter system. These events are shown as the blue880

curve in Figure 29.881

• HCAL: Events where hadron showers MIP through the882

EMCal. In these events, hadron showers start either in883

the inner HCal or outer HCal or MIP through all three884
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Outer	
• 3.5		
• Steel	also	used	as	
flux	return

Inner:	1.0 Inner	Prototype

Outer	
Prototype

11.8%+81.1%/sqrt(E)Linear	response
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Count every Y delivered:  
• large acceptance (2π × |η| < 1) 
• high rate capability (15 KHz –

commensurate with RHIC 
projections) 

• triggering in p+p and p+A

34
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CMS-PAS-HIN-16-023

Distinguish separate mass states 
• excellent momentum resolution in pT 

~ 4-10 GeV/c (σM < 100 MeV/c2)

Identify delivered Y’s: 
• high track reconstruction efficiency (> 

90% @ 3 GeV/c) 
• good electron ID (90:1 rejection in 

Au+Au)

RAA: modification of Upsilon yields 
in Au+Au relative to suitably 
normalized yields in p+p



Fully Reconstructed B+ Mesons

Most	Central	Au+Au Minimum	Bias	Au+Au CMS	style:	no	PID,	but	
very	good	DCA	
resolution	combined	
with	high	statistics
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RHIC / LHC Timeline 

 
 
 
 
 

2015 >2025 

Electron-Ion Collider  
(Notional BNL Plan) 

End of  
Long Shutdown 1 LHC 

RHIC 

1 Month Ion Running 
 11/2015, 11/2016, 6/2018  

1 Month Ion Running 
11/2020, 11/2021, 12/2022 

Long Shutdown 2 
7/18-12/19 

2020 

LS2 

Installation 
Shutdown 2021 

sPHENIX 

2014-2017 
Heavy Flavor 
Probes of QGP 
Origin of Proton 
Spin 

Stochastic e-Cooling 

2019-2020 
Beam Energy 
Scan II 

2022-2025 
Precision jets 
and quarkonia 

Chiral Magnetic 
Effect Confirmation 
Install LEReC 
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What are the properties of QGP? 
Initial structure, Transport coefficients,…

Find the Critical Point! 
Critical phenomena

McLerran 2008

Observe the QGP/HG phase transition 
Critical phenomena!

Discover the QGP 
Onset of Deconfinement

How does QGP work? 

How do observed 
properties emerge? 

What is its microscopic 
structure?
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What are the properties of QGP? 
Initial structure, Transport coefficients,…

Find the Critical Point! 
Critical phenomena

McLerran 2008

Observe the QGP/HG phase transition 
Critical phenomena!

Discover the QGP 
Onset of Deconfinement

How does QGP work? 

How do observed 
properties emerge? 

What is its microscopic 
structure?
How?     

     
   



Billion dollar question (not rhetorical)
• Understanding the emergence (and inner workings) of a 

strongly coupled system from a asymptotically weakly 
coupled gauge theory is a billion dollar question (2015 NP 
LRP) 

• Measuring the effective gluon density in heavy-ion 
collisions at some energy is not 

• specific numerical values of qhat / ehat don’t seem to 
have particular “meaning” (c.f., η/s)
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Inner workings of QGP - “quasiparticles”
• Can RHIC/LHC measurements identify scale dependent 

properties of QGP, e.g., quasiparticles with a given mass 
etc? 

• Current emphasis on understanding parton shower 
modifications in trivial media - pre-requisite to achieve 
ultimate goal  

• Develop toy models of interesting media to understand 
ultimate sensitivity 
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Outlook

• From NA35 to sPHENIX 

• Three decades of discoveries 

• Profound questions remain 

• Look forward to presenting first sPHENIX results in at the 
next meeting in 2022!
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sPHENIX TimeLine
Construction Installation	and	

closeout

2016 2017 2018 2019 2020 2021

Start	
Data	
Taking

2022

CD0 CD1 CD2 CD3 CD4

Year System Weeks Samp.	Lum,	All	Z

2022 Au+Au 16 34	nb-1

2023 p+p 11.5 267	pb-1

2023 p+Au 11.5 1.46	pb-1

2024 Au+Au 23.5 88	nb-1

2025 p+p 23.5 783	pb-1

2026 Au+Au 23.5 92	nb-1

Au+Au	@	200	GeV,	|Z|<10	cm	

Minimum	Bias	@	15kHz	
47B	(2022)	+	96B	(2024)	+	96B	(2026)	=	
239	Billion	Events	

Level-1	Trigger	(e.g.	high	pT	photons)	
550	Billion	Events

200	GeV/c
Au+Au	@15kHz,	All	Z	
1.5	Trillion	Events

Detector	Design	
• Conceptual	

• Preliminary	
• Final
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