
Ongoing PHENIX Upgrades & Science Strategy for Coming ~5 years
Mike Leitch, LANL – for PHENIX 

• Probing the sQGP with Heavy Quarks
• New geometries – Cu+Au and U+U
• Finding the QCD Critical Point
• Cold Nuclear Matter (CNM) and Low-x Partons in Nuclei
• Contribution to the Nucleon Spin from Flavor-separated Nucleon sea
• Contribution of Smaller-x Gluons to the Nucleon Spin
• Transverse Spin

Muon 
Trigger 
Upgrade

Barrel Silicon 
VerTeX (VTX)

Forward silicon 
VerTeX (FVTX)

PHENIX 2011
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Probing the sQGP with Heavy Quarks

Contrast heavy with light quarks & 
separate charm and beauty

Mechanisms of parton energy loss
• radiative and/or collisional energy loss
• path length dependence
• modification of correlations of 
particle pairs
• collision-energy dependence

Coupling to the medium
• flow and η/s of the hydrodynamic 
system
• fragmentation in the medium
• contrasting transverse and 
longitudinal expansion via comparisons 
between mid and forward-rapidity
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PRL 98, 172301 (2007)

BDMPS D+B dE/dx

non-photonic electrons

DGLV charm dE/dx



for 4.3 nb-1 (Au+Au), 14.8 pb-1 (p+p)

50 µm DCA resolution

Silicon VerTeX Detector (VTX)
• Running in Run11
• Improved charm, beauty & quarkonia
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Probing the sQGP with Heavy Quarks

charm

beauty

charm

beauty

Simulation

SimulationAu+Au eventend view of VTX v 2



FVTX c,b x-coverage
Forward VerTeX Detector (FVTX)
• Installation for Run12
• Improved forward charm, beauty 
& quarkonia

πµ

prompt
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Simulation

Probing the sQGP with Heavy Quarks

x2 x1

x2 x1
beauty
1.2< η <2.2

charm
1.2< η <2.2

Simulation

collisional

radiative

x1, x2

pT (GeV/c)

10-3 10-2 10-1
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Improved 
separation of 
Upsilon states 
with VTX

J/ψ

ψ’

Mass (GeV)

Improved 
separation 
of ψ’ from 
J/ψ with 
FVTX

Satz, hep-ph/0512217

Debye screening predicted to destroy J/ψ’s in the sQGP with other states 
“melting” at different temperatures due to different sizes or binding energies

Probing the sQGP with Heavy Quarks

ϒ1S

ϒ2S
ϒ3S

for 1 nb-1 Au+Au
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New Geometries – U+U & Cu+Au

0.2%

0.04%

U+U 
simulation

UU

UU

Cu 
buried 
in Au

Au+Au energy 
density

U+U energy 
density 
(65% larger 
than Au+Au 
for tip-tip)

s0

ε0

Npart

Tip-Tip      

Body-Body   

Uranium θ Angle (deg)

U. Heinz

Early time dynamics & thermalization
• varying the eccentricity for flow studies
• and path length for suppression studies

U+U collisions:
• higher energy density (top 0.2% tip-to-tip)
• 1st we need initial data to understand how to disentangle 
the geometry

Cu+Au collisions:
• Cu buried inside Au for most central collisions – minimize 
periphery (top 3%)
• Eccentricity w/o left-right symmetry for non-central 
collisions



• Fast front-end - DCM-II’s & JSEB-II’s
• Heart of the Event Builder – new 10 Gbit Network Switch
• Storage of the Data - updates to the Buffer Boxes

DCM-II’s DAQ speed improvements
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DAQ in Run11 with VTX

DAQTrig2010 – Maintaining High DAQ Speed while Adding New Detectors

VTX



Finding the QCD Critical Point

Singular point in phase diagram that separates 1st order phase transition 
(at small T) from smooth cross-over (at small µb)
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Quark-number scaling of V2
• saturation of flow vs collision energy
• η/s minimum from flow at critical point

Critical point may be observed via:
• fluctuations in <pT> & multiplicity
• K/π, π/p, pbar/p chemical equilibrium
• RAA vs √s,  ….

VTX provides large azimuthal acceptance & 
identification of beam on beam-pipe backgrounds



Dissociation 
of J/ψ or 

CNM effects are difficult to disentangle experimentally – multiple probes, 
types & energies of collisions, wide kinematic coverage, are key

• closed vs. open-heavy – isolates initial-state effects
• other probes of shadowing & gluon saturation – forward hadrons, etc.
• Drell-Yan to constrain parton energy loss in CNM

And strong theoretical analysis
• Need a rational/reliable baseline for sQGP studies
• Need to understand the early thermalization & formation of the sQGP
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shadowing

anti-shadowing

Cold Nuclear Matter (CNM) and Low-x Partons in Nuclei
R G

in
 A

u

high x

low x

D

Dcc
moversco-cc

/dE dx−

q

q

µ+

µ−

Initial-state 
quark or gluon 
energy loss

Traditional shadowing 
or gluon saturation
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Vary the strength of suppression (a) & 
see what relationship between RdAu and 
RCP is given strictly by Glauber 
geometry for different dependences 
on density-weighted thickness

0

1( ) ( , )T Tr dz z rρ
ρ

Λ = ∫ Woods-Saxon

J/ψ in d+Au – A new tool to learn about CNM thickness dependence

The forward rapidity points suggests a quadratic or higher 
thickness dependence

)()( :lExponentia Tra
T erM Λ−=

)(1)( :Linear TT rarM Λ−=
2)(1)( :Quadratic TT rarM Λ−=PHENIX

arXiv:1010.1246

Cold Nuclear Matter (CNM) and Low-x Partons in Nuclei



6/21/2011 PHENIX - MJL 11

Other Quarkonia – the ψ’

800 GeV p+A (FNAL)
PRL 84, 3256 (2000); PRL 72, 2542 (1994)

Hadronized
J/ψ & ψ’?

D0: no A-dep
at mid-rapidity

Cold Nuclear Matter (CNM) and Low-x Partons in Nuclei

CNM effects on ψ’ in fixed target measurements same as J/ψ
except for backwards rapidity

Separation of ψ’ enabled by FVTX’s improved dimuon mass resolution

800 GeV p+A



STAR

PHENIX
200 GeV Au+Au
|y|< 0.35
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Upsilon Suppression in d+Au Collisions

CNM effects 
also strong 
for Upsilons

To understand what happens to 
Upsilons in the sQGP we will need 
good d+Au Upsilon measurements

VTX enables separation of Upsilon 
states at mid-rapidity

Cold Nuclear Matter (CNM) and Low-x Partons in Nuclei

800 GeV p+A



Quarkonia vs Open-heavy – Isolating Initial-state Effects

Open-charm p+A nuclear dependence (single-µ pT > 1 GeV/c) – very 
similar to that of J/Ψ (E866/NuSea – 800 GeV p+A at FNAL):
• Implies that dominant effects are in the initial state

absorption

At PHENIX obtain new c,b 
measurements with VTX/FVTX to 
isolate initial & final-state effects 
via comparisons with quarkonia
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Cold Nuclear Matter (CNM) and Low-x Partons in Nuclei



In FNAL/E906 at 120 GeV, nuclear suppression 
in Drell-Yan should only be from dE/dx (xA > 0.1)

/dE dx−

q

q

µ+

µ−

Drell-Yan

Distinguish radiative from collisional (L2 vs L) energy loss for quarks

First E906 data expected late 2011

Vitev
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Drell-Yan to constrain parton energy loss in CNM - FNAL E906
Cold Nuclear Matter (CNM) and Low-x Partons in Nuclei

A2/3

A1/3
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PT is balanced 
by many gluons

Dilute 
parton 
system 

(deuteron)
Dense gluon
field (Au)

s
epepx TTfrag

Au

><−><− ><+><
=
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Other probes of shadowing & gluon saturation – forward hadrons

shadowing

anti-shadowing

R G
in

 A
u

Cold Nuclear Matter (CNM) and Low-x Partons in Nuclei

PHENIX
MPC

Mono-jets in the gluon saturation (CGC) 
picture give suppression of pairs per 
trigger and some broadening of 
correlation
Kharzeev, NPA 748, 727 (2005)



Projections for J/ψ (acceptance only, no efficiencies!):
• 260 nb-1 d+Au run: ~9.7k J/ψ -> e+ e- in North MPC
• 34 pb-1 200 GeV p+p run ~3.6k J/ψ sum for two arms

The MPC Extension (MPC-EX)

Ready for next 
d+Au Run in 2014?
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Cold Nuclear Matter (CNM) and Low-x Partons in Nuclei

MPC-EX xAu

Muon Arm xAu

xd

xd

xAu or xd

Co
un

ts

e.g. Pythia J/ψ’sInitial thoughts on enhancing forward rapidity    
(3 < η < 3.8) with a combined preshower & tracking 
device
• enable J/ψ measurements in MPC
• π0’s out to high pT
• direct photons
• jet direction with charged hadrons
Silicon (pads & 500 µm strips) plus W absorber

J/ψ → e+e-

J/ψ → µ+µ-



Contribution to the Nucleon Spin from Flavor-separated Nucleon Sea

AL – forward W+ (∆dbar/dbar); backward W- (∆ubar/ubar)
• Higher energy scale (Q2) & No fragmentation issues – as 
compared to deep-inelastic scattering

with PHENIX 
forward msmt
300 pb-1 60%
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W

trigger

Z

W dominates at high pT

current fit 
to world data
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RPC3

RPC1

Level-1
trigger

position & 
timing info

Forward Trigger Upgrade

Level-1
trigger board

Contribution to the Nucleon Spin from Flavor-separated Nucleon Sea

good collisions

beam 
tunnel 
background

Muon ID 
square hole 
background

W

trigger

Z



Contribution of Smaller-x Gluons to the Nucleon Spin

What is the gluon spin contribution, ∆g(x), at low-x (x < 0.02) ?
• for 500 GeV p+p at mid-rapidity, can get down to ~0.01
• also, can get to smaller x with forward rapidity measurements, e.g. with the 
FVTX or MPC

Validity of using leading order & leading twist to extract ∆g(x) ?
• comparisons of different final-states; explore the theoretical systematics on 
the extraction of ∆g(x) – e.g. π0, η, hadrons, charm, beauty

6/21/2011 19PHENIX - MJL

no data



2-2.5 GeV/c
4-5 GeV/c
9-12 GeV/c

Also larger-x with low energies
(rate challenged measurement)

Smaller-x with 
higher luminosity 
at 500 GeV - with 
π0’s
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Forward rapidity (MPC) π0 ALL at 500 
GeV (x~10-3)  300 pb-1, 55%

Contribution of Smaller-x Gluons to the Nucleon Spin

pT:



Transverse Spin

1) Transverse momentum dependent (TMD)  
distributions & fragmentation functions at leading twist

Sivers – correlation between nucleon spin & parton kT -
Phys Rev D41 (1990) 83; 43 (1991) 261

Transversity – correlation between quark & nucleon 
transverse spin

Collins – correlation between quark spin & kT in the 
fragmentation  - Nucl Phys B396 (1993) 161

Interference Fragmentation functions (IFF) –
correlation between quark spin and azimuthal angle 
between pair of hadrons in a fragmented jet
• Integrated over kT – comparison to Collins 
measurements to check for TMD-factorization

2) Distribution functions & fragmentation functions at 
higher twist  (Qiu, Sterman; ….)
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Forward single-muons 
from c & b with FVTX

Transverse Spin

Hadron pairs: IFF in central arms

Could also do at forward rapidity 
(with MPC)

projections for 
h+ h- , π0 h+, π0 h-
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Limits on the Collins asymmetry 
using hadron pairs (mid-rapidity 
+ forward)
AN Central+MPC, 33 pb-1, 60%

if 100% Collins

25% Collins

Transverse Spin

PHENIX PreliminaryTesting Sivers with forward       
(3.1< η <3.8) hadrons – decrease in 
AN for larger pT?
MPC AN for 33 pb-1, 60% (Run12+13)

(4x luminosity of previous 
transverse runs & better beam 
polarization)
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Test pT-dependent PDF’s (TMD’s) via (Sivers) AN sign 
change between Drell-Yan (DY) and Deep Inelastic 
Scattering (DIS)

• final-state color attractive (DIS); repulsive (DY) –
proven theoretically for both TMD and twist-3 
pQCD approaches

Drell-Yan
Transverse Spin

m
uo

n 
ar

m
s

m
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n 
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m
s

Drell-Yan Drell-Yan

Statistically challenged @ 200 GeV; better @ 500 
GeV (~x 6) – but could be interesting for d+Au also



PHENIX - MJL 25

Drell Yan

bottom

charm

combinatorial background

DCA < 2 σ - Increase DY/bb ~ 3

6/21/2011

Drell-Yan

E866/NuSea

Transverse Spin

Ef
fi

ci
en

cy

200 GeV p+p  (8 pb-1)

Measurement of Drell-Yan in 
PHENIX at forward rapidity with 
dimuons - enabled by rejection of 
backgrounds with FVTX (starting in 
2012)

FVTX efficiencies with DCA cut
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Choreography 
for the Future

(see Dave 
Morrison’s talk 
this afternoon)



Run Species √s Wks ±30 cm ±10 cm Pol Comments

11 p+p 500 10 27 pb-1 50%(L) W program + ∆G

Au+Au 19.6 1.5 13.7M MB evts energy scan

Au+Au 200 7 915 µb-1 790 µb-1 heavy flavor (VTX)

Au+Au 27 1 5.2 µb-1 energy scan

12 p+p 200 5 13.1 pb-1 4.7 pb-1 60%(T) HI ref. + transv. spin

p+p 500 7 90 pb-1 30 pb-1 50%(L) W program + ∆G

Cu+Au 200 5 2.4 nb-1 geometry

U+U 200 3 0.4 nb-1 explore geometry

13 p+p 500 10 200 pb-1 74 pb-1 60%(L) W program

p+p 200 5 20 pb-1 4.7 pb-1 60%(T) HI ref. + transv. spin

Au+Au 200 7 800 µb-1 Heavy flavor (FVTX/VTX)

14 p+p 200 10 34 pb-1 12 pb-1 65%(T) HI ref. + transv. spin

p+p 62 3 0.6 pb-1 0.2 pb-1 60%(T/L) HI ref. + transv. spin

d+Au 200 8 260 nb-1 150 nb-1 CNM

d+Au 62 2 6.5 nb-1 3.8 nb-1 CNM

d+Cu 200 ? CNM

15 Au+Au 200 10 2.8 nb-1 high bandwidth

Au+Au 62 4 0.13 nb-1 HF vs √s

p+3He 132 5 (T) test run

Projected Luminosities & (Evolving) Strawman PHENIX Run Plan
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Drell-Yan

with PHENIX 
forward msmt
300 pb-1 60%

New silicon vertex detectors 
(VTX,FVTX) – separated 
charm & beauty; dE/dx & η/s 
from heavy quarks

Saturation of flow 
& critical point

New geometries – sQGP 
properties from path 
length dependences Drell-Yan transverse asymmetry 

opposite that of DIS?

Contribution of flavor-separated 
sea to nucleon spin – forward W’s?

Summary
Cold nuclear 
matter 
(CNM)
& small-x 
gluons
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