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Φ 1.2km

The most versatile hadron collider in the world, 
and world’s first and only spin-polarized proton 
collider. 
• Discovery of Quark Gluon Plasma, non-zero 

gluon spin, ...
• Reached x40 of designed luminosity.
Two major experiments as of today
• Pioneering High Energy Nuclear Interaction 

eXperiment (PHENIX) → sPHENIX
• Solenoidal Tracker At RHIC (STAR, J. Zhang, Tue)

See also: B. Mueller, Mon
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PHENIX, Phys. Rev. Lett. 104, 132301
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~2000 2017→2022, CD-0 @ 2016 >2025 Time

PHENIX experiment An EIC detector

 16y+ operation

 Broad spectrum of physics 
(QGP, Hadron Physics, DM)

 170+ physics papers with 24k 
citations

 Last run in this form 2016

 Comprehensive central 
upgrade base on BaBar magnet

 Rich jet and beauty quarkonia 
physics program 
→ nature of QGP

 Possible forward tracking, and 
calorimeter → Spin, CNM

 Path of PHENIX upgrade leads 
to a capable EIC detector

 Large coverage of tracking, 
calorimetry and PID

 Open for new 
collaboration/new ideas

RHIC: A+A, spin-polarized p+p, spin-polarized p+A EIC: e+p, e+A

arXiv:1501.06197 [nucl-ex] arXiv:1402.1209 [nucl-ex]

Jin Huang, 黄进 <jihuang@bnl.gov>
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CD-0 Granted Sept 2016, Preparation for CD-1
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15 kHz trigger

10 GB/s data logging

Detector
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CD-0 Sept 2016
Construction Phase    Jul 2018
Ready for Beam  Jan  2022

Space preserve for

Particle ID 
See M. Chiu, Friday



Jet$spectra$and$jet$structure$
measurements$with$sPHENIX!

 Rosi Reed, for the sPH EN IX C ollaboration!

Abstract 
The sPHENIX proposal is for a second generation experim ent at RHIC, w hich w ill take 
advantage of the increased lum inosity due to accelerator upgrades, and allow  m easurem ents 
of jets and jet correlations w ith a kinem atic reach that w ill overlap w ith m easurem ents 
m ade at the Large Hadron Collider (LHC).  Particle jets, form ed w hen a hard scatter parton 
fragm ents and then hadronizes into a spray of particles, w ere proposed as a probe of the 
Q uark Gluon Plasm a form ed in heavy-ion collisions.  As they traverse the Q GP, the hard 
scattered partons probe the m edium  at a variety of length scales, w hich is called jet 
quenching.  To answ er the fundam ental questions of how  and w hy partons lose energy in 
the Q GP, w e need to characterize both the m edium  induced m odification of the jet 
fragm entation pattern and the correlation of the lost energy w ith the jet axis.  Som e 
observables that help elucidate these effects are gam m a-jet correlations and jet 
fragm entation functions, w hich require the precise tracking and calorim etry that sPHENIX 
w ill have.  W e w ill show  the perform ance of these observables as w ell as that for jet and 
hadron spectra m easurem ents, w hich are necessary for a baseline understanding, based on 
detector sim ulations. 
 

 

 

Jets at sPHENIX  

• Sam ple ~50 billion  
    Au+Au events in 1 year 

• 107 jets > 20 GeV 
• 106 jets > 30 GeV 
• 80%  are dijet events 
• 104 direct g > 20 GeV 

• Required Detector  
    Perform ance 

• Single particle  
    resolution:  
    sE/E < 100% /√E  
• Jet: sE/E < 120(150)% /√E in p+p(Au+Au) 
• Photon Energy resolution sE/E<15% /√E  
• dp/p ~ 0.2%  p to > 40 GeV/ 

• Jets interact m inim ally until their virtuality ~ m edium  virtuality 
• Jets from  the highest collision energies are m ostly vacuum  (pQ CD) dom inated 

Conclusions and Outlook 
 

• Jets allow  us to address the im portant fundam ental questions of "how " and "w hy” 
partons lose energy in the Q GP 

• There has been significant progress in our understanding of quenching 

• Jet quenching m easurem ents at RHIC provide significant constraints on the partonic 
Eloss m echanism s  

• sPhenix increased capabilities w ill allow  a direct com parison to the LHC 
• High lum inosity w ill allow  data collection w ithout  
     im posing online trigger “biases 
• LHC inspired observables w ill be m easured at RHIC 

• Progress is underw ay in evaluating the effect of 
    detector design choices on jet structure observable 
• Investigation into the significance of the various 
     LHC inspired observables underw ay 
• Fully em bedded PYTHIA + HIJING events w ill be used to 
     evaluate background perform ance and photon isolation 
     cuts and clustering algorithim s 
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• Sim ulation of g-jet events w ith  
    PYTHIA 

• g events are the “golden” probe 
• Com pare energy clustered into 
      jet versus photon 
• Effect of detector resolution 
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Photon Clustering Algorithm s 

• Algorithm  A 

• Cluster = contiguous tow ers E > Ethreshold 

• Algorithm  B 

• Noise reduction ! E > Ethreshold 

• Neighboring tow ers w hich satisfy  

    noise threshold = “isolated cluster” 

• Find “local m ax tow er” and “peak area”  

    around it 

• Etow er w ith contribution from  2+ peak areas 

• divided into peak areas  

• Param eterized show er shape function 

• Redefine “core cluster” w ithin cluster area as 

    tow ers Esum  > Ethreshold of peak area 
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H ow does the Q G P evolve along w ith the parton show er? The Physics C ase forsPH EN IX
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Jet Virtuality Evolution

 = 20-80 G eV
T

R H IC  E

R H IC  Q G P M edium  Influence

 = 100-1000 G eV
T

LH C  E

LH C  Q G P M edium  Influence

Figure 1.18:Scale probed in the m edium in [1/fm ]via high energy partons as a function ofthe local
tem perature in the m edium . The red (black)curves are for differentinitialparton energies in the
RH IC (LH C )m edium .

20

truth

T
p / reco

T
p

0 0.2 0.4 0.6 0.8 1 1.2 1.4

))
tr

u
th

T
p/

re
c
o

T
p

/d
(

N
)(

d
g

N
 (

1
/

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

 > 20 GeV
jet

T
p > 30 GeV, 

g

T
p+jet, gPythia8 

 = 0.798m

 = 0.102s

truth

T
E / 

reco

T
E

0 0.2 0.4 0.6 0.8 1 1.2

))
tr

u
th

T
E/

re
c
o

T
E

/d
(

N
)(

d
g

N
 (

1
/

0

1

2

3

4

5

6

7

8
 > 30 GeV

g

T
p+jet, gPythia8 

 = 0.945m

 = 0.041s

 (GeV)
T

p
1 10

R
e

c
o

n
s
tr

u
c
ti
o

n
 e

ff
ic

ie
n

c
y

0

0.2

0.4

0.6

0.8

1

 > 30 GeV
g

T
p+jet, gPythia8 

 > 1 GeVch

T
p > 20 GeV, 

jet

T
p

 (GeV)
T

p
1 10

 -
 1

)
tr

u
th

T
p

 /
 

re
c
o

T
p

( 
s 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14  > 30 GeV
g

T
p+jet, gPythia8 

 > 1 GeVch

T
p > 20 GeV, 

jet

T
p

Di-Jet Event Display 

• EM Cal + HCAL give herm etic jet  
    m easurem ent 

• High resolution tracker w ill  
    allow  jet structure  
    m easurem ents 

• Jet m odification 
• Energy flow  

• No autocorrelations! 

• Jet algorithm s for clustering and  
   background rem oval are under  
   investigation 

• CM S Particle Flow ? 

• g-jet events 
• Photon clustering algorithm  
• Isolation cuts 

sPHENIX CAD Draw ing!

Jet Response!

arxiv:1501.06197!

Tracking  Efficiency! Tracking  Resolution!

Photon 
Resolution!

pp!

AA!

XJg =
pg

T

p jetT

The Physics C ase forsPH EN IX W hatis the tem perature dependence ofthe Q G P?

W hat is the tem p erature 
d ep end ence o f the 

Q G P ?

W hat are the inner 
w o rking s o f the Q G P ?

H o w  d o es the Q G P  evo lve 
alo ng  w ith the p arto n 

sho w er? 
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Figure 1.3:Pushing Three illustrative axes along w hich the quark-gluon plasm a m ay be pushed and
probed.The axes are the tem perature ofthe quark-gluon plasm a,the Q 2

hard ofthe hard process that
sets ofthe scale forthe virtuality evolution ofthe probe,and the w avelength w ith w hich the parton
probes the m edium lprobe.

The criticalvariablesto m anipulate forthisprogram are the tem perature ofthe quark-gluon plasm a,
the length scale probed in the m edium ,and the virtuality ofthe hard processasshow n schem atically
in Figure 1.3.In the follow ing three sections w e detailthe physics ofeach axis.

1.2 W hatis the tem perature dependence ofthe Q G P?

The internaldynam icsofm ore fam iliarsubstances—the subjectsofstudy in conventionalcondensed
m atterand m aterialphysics—are governed by quantum electrodynam ics.Itisw ellknow n thatnear
a phase boundary they dem onstrate interesting behaviors,such asthe rapid change in the shear
viscosity to entropy density ratio,h/s,nearthe criticaltem perature,Tc.This is show n in Figure 1.4
forw ater,nitrogen,and helium [24].D espite the eventualtransition to superfluidity attem peratures
below Tc,h/sforthese m aterials rem ains an orderofm agnitude above the conjectured quantum
bound ofK ovtun,Son,and Starinets (K SS)derived from string theory [15].These observations
provide a deeperunderstanding ofthe nature ofthese m aterials:forexam ple the coupling betw een
the fundam ental constituents, the degree to w hich a description in term s of quasiparticles is
im portant,and the description in term s ofnorm aland superfluid com ponents.

The dynam ics ofthe Q G P are dom inated by Q uantum C hrom odynam ics and the experim ental
characterization ofthe dependence ofh/s on tem perature w illlead to a deeper understanding
of strongly coupled Q C D near this fundam ental phase transition. Theoretically,perturbative
calculations in the w eakly coupled lim itindicate thath/sdecreases slow ly asone approaches Tc
from above,butw ith a m inim um stilla factor of20 above the K SS bound [25](as show n in the
rightpanelofFigure 1.4).H ow ever,as indicated by the dashed lines in the figure,the perturbative
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• Perform ance w ith heavy ion 
background needs to be quantified 

• W hat is the best R choice? 

• g-jet events  dom inated by quark jets 
• Allow s a flavor com parison betw een 

quarks and gluons 
• O ther observables under 

consideration 
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b-jet + light jet: 
differential sensitivity to radiative energy loss

VS collisional energy loss.

9th Hadron Physics China
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drag fluctuations

Diffusion coefficient DHQ

“Brownian” motion

 Langevin simu.

B-meson program: pT 2-10 GeV/c, precisely determine the bottom quark collectivity → clean access to DHQ

  
0

DBXDB 
0

b
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ϒ(2s) –
0.56fm

ϒ(3s)-
0.78fm

ϒ(1s) –
0.28fm

Courtesy from A. Mocsy

Thermometer of QGP via clean separation of three Upsilon states (Mee < 100 MeV/c2)
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p

p

q/g

q/g

 Hadron final states in p+p not factorized in TMD framework: non-Abelian nature of gluon field

 Exploring the size of this effect in p+p → γ+h in PHENIX. Extending to p+p → γ+jet in sPHENIX.

 What will be the scale-dependence? Spin dependence?

PHENIX Data, Phys.Rev. D95 (2017) no.7, 072002 sPHENIX Projection, γ+jet

Large scale, ~Q2
Small scale, ~ΛQCD

Direct photon-hadron

Histogram pout
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arXiv:1602.03922

 RHIC cold-QCD community is also pushing for an forward tracking + 
calorimetry upgrade @ sPHENIX or STAR (J. Zhang, Tue)

 LOI for forward upgrade was submitted to RHIC PAC 2017
Tracking + Calorimetry leads to joint coverage of -1<η<4

 sPHENIX forward upgrade: 
◦ Transverse spin
◦ Cold nuclear matter
◦ Longitudinal evolution of QGP
◦ And more ...
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sPHENIX simulation

p↑ + p → jet (h±) + X

√s = 510 GeV 

Charge-track tagged jet asymmetry
→ Access Sivers effect

Charge-track asymmetry in jet
→ Access Transveristy @ large x

sPHENIX simulation

p↑ + p → jet (h±) + X, √s = 510 GeV

Check universality of Transversity @ SIDIS



 DY in p+A provides clean access to 
sea quark distribution 
→ gluon in nuclei

 fsPHENIX measure DY via di-electron 
final states

 Benefit from continuous and large 
calorimetry + tracking coverages

9th Hadron Physics ChinaJin Huang, 黄进 <jihuang@bnl.gov> 16

u-bar quark in nuclear
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 -1<η<+1 (barrel) : sPHENIX + DIRC/TOF

 -4<η<-1 (e-going) : 
High resolution calorimeter + Aerogel RICH

 +1<η<+4 (h-going) : 
◦ 1<η<4 : GEM tracker + Gas RICH

◦ 1<η<2 : Aerogel RICH

◦ 1<η<5 : EM Calorimeter + Hadron Calorimeter

 Along outgoing hadron beam: ZDC and roman pots 

LOI: arXiv:1402.1209 

Working title: “ePHENIX”

Cost: 75 M$ including contingency
This is an evolving concept
Updating concept as sPHENIX and 
detector R&D refines

Jin Huang, 黄进 <jihuang@bnl.gov>

US-EIC physics: Z. Meziani, Mon Afternoon

Ping down landscape of gluon spin
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Radius (cm)

|η|<1.1

Bz = 1.4 T

EMCal SPACAL module
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February 2014 
Proof of principle February 2016: η~0 prototype February 2017: η~0.9 prototype

Electron
Energy resolution
arXiv:1704.01461 

Pion
Energy resolution
arXiv:1704.01461 

sPHENIX beam test data sPHENIX beam test data
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 1.4 Tesla magnet, Ф = 2.8 m, L = 3.8 m Previously used in BaBar @ SLAC

 Moved to BNL in Feb 2015

 Successful cold low field test in 2016

 On-going full field test 

Preparing full field test @ BNL



Outer tracking:

 Continues readout TPC @ 1 Tbps, 
FPGA based data reduction

 Low diffusion, high ion mobility Ne-
CF4 gas + Quad GEM + mini pads

 RδФ< 200 um

 δp/p < 2% for pT<10 GeV/c

Inner tracking:

 MAPS pixel (3-layer) + strip silicon (4-layer)

 DCA< 50um for pT>1 GeV/c, <10 um for pT>10 GeV/c

 Possible stave production @ CCNU

Full tracking simulation in 0-4 fm Au+Au collisions

sPHENIX simulation sPHENIX simulation 

219th Hadron Physics ChinaJin Huang, 黄进 <jihuang@bnl.gov>



 Forward tracking by shaping central field for forward use

 Inner tracking (η = 3-4): 

◦ High rate and resolution requirement

◦ COMPASS-like GEM (R<30 cm) RδФ= 50-70 µm

 Outer tracking (η = 1-3):

◦ Segments & vertex via central tracker

◦ SoLID-like GEM (R~100 cm) RδФ= 100 µm. 

◦ Alternative: MicroMegas or sTGC

9th Hadron Physics ChinaJin Huang, 黄进 <jihuang@bnl.gov> 22

Design tracking in analytical estimation     →    confirmation with full Geant4 simulation
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sPHENIX Geant4 display of pT=30 GeV/c B+-hadron

Open source @                     : https://github.com/sPHENIX-Collaboration/

9th Hadron Physics ChinaJin Huang, 黄进 <jihuang@bnl.gov>

https://github.com/sPHENIX-Collaboration/
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IP

e-going GEMs
-4.0<η<-1

TPC
-1<η<+1

h-going GEMs
1<η<2

TPC GEMs
eGEM

RICH

gas RICH
1<η<4

Fringe field 1.5 T main field Fringe field

Geant4 model of detectors
inside field region

DIRC
-1<η<+1

Aerogel RICH
1<η<2

Tracking, with precision displaced vertex in |η|<2

TPC+DIRC

η
p/A e-

Calorimeters (H-Cal cover η > -1)

AeroGel&Gas RICHs
+AeroGel RICH

Space for 
Aerogel RICH

-3<η<-1

TOF (M. Chui, Friday)

Jin Huang, 黄进 <jihuang@bnl.gov>

US-EIC physics: Z. Meziani, Mon Afternoon
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arXiv:1501.06197
CD-0 approval
CDR in preparation

arXiv:1402.1209 

To RHIC PAC 2017
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& 30+ people via phone bridge

sPHENIX collaboration is a new scientific collaboration. Four collaboration meetings. 
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Growing collaboration, 64 institutions as of today

Welcoming more Chinese collaborators!
Many opportunities to contribute: in physics program and in detector R&D/construction



 sPHENIX: Study QGP with precision jet and beauty quarkonia @ RHIC

◦ Completing scientific mission @ RHIC 

 Hadronic physics opportunities in sPHENIX and proposed forward detector 
upgrade

◦ Complementarity of hadronic collisions and DIS, e.g. JLab, COMPASS, EIC

 sPHENIX received CD-0 approved, in preparation for CD-1. 
Planned data taking start 2022. 

 sPHENIX detector has advanced design. 
◦ Forward upgrade and EIC: many opportunities for joint detector R&D

 Growing collaboration

 Welcome more Chinese institutions to join the sPHENIX collaboration

9th Hadron Physics ChinaJin Huang, 黄进 <jihuang@bnl.gov> 28
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