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Appendix A

Charge Letter

From: Vigdor, Steven <vigdor@bnl.gov>
Date: Wed, Dec 16, 2009 at 6:44 PM
Subject: Charge for new decadal plans for STAR and PHENIX
To: Barbara Jacak <jacak@skipper.physics.sunysb.edu>, Nu Xu <nxu@lbl.gov>

Dear Barbara and Nu,

As we have discussed in Spokesperson’s Meetings, I am herein charging the PHENIX and STAR
Collaborations with generating new decadal plans that lay out your proposed science goals and
detector upgrade paths for the period 2011-2020. The decadal plans generated in 2003 have been
extremely useful for RHIC and both experiments. Now that we have received (or are on the verge
of receiving) funding to carry out most of the upgrades described in those earlier reports, it is
timely to develop a clear roadmap for what comes next. With current funding profile guidance
from DOE, it appears that the STAR Heavy Flavor Tracker may be completed in FY2015, and
the suite of significant PHENIX upgrades are likely to be completed sooner. We also anticipate
that the various RHIC machine luminosity upgrades under way (six planes of stochastic cooling,
56 MHz SRF rebunching, electron lenses) or contemplated (low-energy electron cooling) will be
completed by 2015. Not unexpectedly, then, we are being asked by DOE what plans we have for
RHIC beyond 2015.

I am therefore asking you to generate a document for each Collaboration, to be delivered to me by
August 1 [October 1], 2010, that provides the following information:

1) A brief summary of the detector upgrades already (or soon to be) in progress, the timelines
for completing them, the new science capabilities each adds in combination with upgraded RHIC
luminosity, and your best current estimates (informed by the current strawman 5-year run plan for
RHIC) of when you will be able to acquire the data that addresses the relevant science goals. This
can even be summarized in tabular form, and should be consistent with the latest RHIC Midterm
Plan.

2) The compelling science goals you foresee for RHIC A+A, p+p, and d+A collisions that can only
be carried out with additional upgrades (or replacements) of detector subsystems or machine ca-
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1. What science will the current upgrades do?

2. Compelling science (beyond #1) to be 
done at RHIC?

3. Upgrades and R&D required for #2?

4. Can your future detector do EIC physics?

5. How will the Collaboration evolve? 



Are quarks strongly coupled to the QGP at all 
distance scales?  
 

What are the detailed mechanisms for parton-QGP 
interactions and responses?
 

Are there quasiparticles at any scale?
 

Is there a relevant screening length in the QGP?
 
How is rapid equilibration achieved?



What is the nature of the spin of the proton? 
How can we describe the multidimensional landscape of nucleons? 
How do quarks and gluons hadronize into final-state particles? 

Constrain the flavor-separated sea quark helicity distributions via W 
measurements in longitudinally polarized p+p collisions at √s = 500 
GeV. 
Probe ∆g(x) down to lower momentum fractions in longitudinally 
polarized p+p collisions at √s = 500 GeV. 
Explore several transverse spin measurements in transversely polarized 
p+p collisions at √s = 200 GeV and at lower energies. 

Dynamical Origins of Spin-Dependent Interactions 
New Probes of Longitudinal Spin Effects 
Measurements with Polarized 3He and Increased Energies 



Heavy Ion Physics: sPHENIX Plan Jet and Photon-Jet Physics

Q2 PT Initial Parton

What scale sets this transition?

Tc

Probe Integrates Over a Range of Q2

pQCD
Scattering from 
Point-Like Bare
Color Charges

µD

pQCD Scattering
From Quasiparticles

with size ~ µDebye

Strong Coupling
No Quasiparticles

 µDebye ! 0

AdS/CFT

?!

" ?

What scale sets this transition?

Scattering 
from Thermal 
Mass Gluons?

Figure 3.3: Schematic Diagram of the Parton Probe Sensitivity to Different Physics and QGP
Structure [204].

ous hard scattering final states scaled for Au+Au central 0–20% collisions. As detailed in
Chapter 7, with an upgraded PHENIX detector and increased RHIC luminosities, we can
sample ten billion Au+Au central collisions—corresponding to one count at 10−10 at the
bottom of the y-axis range. We would be able to measure light quark jets with 105 counts
above 40 GeV and 103 counts above 60 GeV. Approximately 50% of all single jet events
also have their away-side partner jet contained within the acceptance of the upgraded
detector. A similar fraction of direct γ events also contain the away-side jet. Therefore
the γ-jet count rates can be determined from Figure 3.4 by dividing the direct γ rate by
two. While these estimates for jet yields do not account for detector and reconstruction
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complementarity of RHIC and LHC



Brookhaven National Laboratory search  

      Print

PHENIX Detector

STAR Detector

Contacts: Karen McNulty Walsh, (631) 344-8350 or Peter Genzer, (631) 344-3174

Brookhaven Lab Ranked No. 1 for Hadron Collider Research

Atom-smashing experiments at Relativistic Heavy Ion Collider yield 4 of top-5
most-cited scientific papers

Friday, December 10, 2010

UPTON, NY — The U.S. Department of Energy’s (DOE) Brookhaven

National Laboratory has been named the number one institution in the

world for hadron collider research — research that explores the very

earliest moments of the universe, the most fundamental particles of matter,

and the forces through which they interact by colliding particles such as

protons and heavy ions at very high energies.

The ranking, compiled by ScienceWatch.com based on number of citations

of scientific papers, notes that the list of top “hadron collider” papers over

the past decade “is dominated by the physics from RHIC” — Brookhaven’s

Relativistic Heavy Ion Collider, where collisions of gold ions have produced

a seething quark-gluon plasma 250,000 times hotter than the center of the

sun. Four of the top-five papers describe research at RHIC that revealed

the surprising liquid nature of the early universe.

“RHIC has been an incredibly productive facility since it began colliding ions in 2000, with more than 300 scientific

publications to date,” said Steven Vigdor, Brookhaven’s Associate Laboratory Director for Nuclear and Particle Physics.

“As a dedicated facility for nuclear physics research with the ability to collide a wide range of ions — as well as a unique

ability to collide polarized protons — RHIC will continue to be a leader in this field for many years to come.”

Brookhaven scientists also contribute to research conducted at several of

the other top-20 institutions named by ScienceWatch. For example, at

CERN, the European laboratory for particle physics research, Brookhaven

played a pivotal role in the design and construction of the ATLAS detector

at the Large Hadron Collider (LHC), and serves as the host laboratory for

the U.S. ATLAS collaboration. The RHIC/ATLAS computing facility (RACF)

at Brookhaven stores, distributes, and analyzes vast amounts of data from

both facilities. Brookhaven scientists also helped to build pieces of the D

Zero detector at Fermilab’s Tevatron collider, and made significant

contributions to the experiment’s software, computing, and performance.

Additionally, the Lab hosts scientists and students from many of the

universities listed, including nearby Stony Brook University, which together

with Battelle, manages the Lab for the Department of Energy.

“These rankings illustrate the vitality of hadron research and also the

extraordinarily collaborative nature of this research,” Vigdor said. “All of this work relies on large-scale experiments that

could not be built by any single institution, requires expertise in a range of fields, and funding from a variety of sources.

And each of these facilities takes many years to build. So it’s natural that we work together across national borders, as a

global community in many ways, to plan and carry out our research so that our findings will be complementary and build

Other RHIC News

New Beam Source for Brookhaven

Accelerators

LHC experiment observes a potentially

new and interesting effect

Logbook: Strong Focusing

How Low Can RHIC Go?

RHIC/AGS Users’ Meeting Honors History,

Welcomes Future

STAR Spin

Meet Oleksandr Grebenyuk

NYC-Based Science Writers Meet RHIC,

LHC

 

News Home  News & Feature Archive

Home RHIC Science News Images Videos For Scientists

http://sciencewatch.com/ana/st/hadron/

http://sciencewatch.com/ana/st/hadron/
http://sciencewatch.com/ana/st/hadron/
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FIG. 2: (Color online) Away-side jet widths from a Gaussian
fit by h± partner momentum for various π0 trigger momenta
in p+p (open circles), midcentral 20–60% Au+Au (solid cir-
cles), and central 0–20% Au+Au collisions (squares). For
comparison, an interpolation of the p+p is depicted (curve).
In cases where the best fit σaway > π/2 radians, the point is
off the plot.

the near and away side is the same as the p+p jet shape.
For pt

T
>7 GeV/c, agreement is found for all pa

T
. How-

ever, for pt
T
at 5–7 (4–5) GeV/c, the agreement worsens

sharply for pa
T

< 3 (4) GeV/c as the away-side jet be-
comes increasingly broad. For example, the p-values for
agreement between the p+p and Au+Au shapes for pa

T

= 1-2 GeV/c are very small (< 10−4) for pt
T
= 4–5 and

5–7 GeV/c, but indicate reasonable agreement (0.33 and
0.16) for pt

T
= 7–9 and 9–12 GeV/c, respectively. The

statistical precision of the experimental data does not
allow conclusion of a sharp transition in the shape; how-
ever, there is a clear indication of a trend towards either
much smaller modification or unmodifed jet shapes for
higher pt

T
at all pa

T
. To confirm this finding, we compared

the away-side distributions in Au+Au central events for
pt
T
5–7 GeV/c with pt

T
7–9 GeV/c for pa

T
1–2 GeV/c (see

Fig. 1) and find the probability that they have a common
source is small (p-value < 0.07).

The lack of large away-side shape modification for pt
T

> 7 GeV/c and pa
T
< 3 GeV/c is surprising as medium

response effects are not generally expected to decrease
at larger pt

T
. In descriptions where the medium-induced

energy loss (∆E) is nearly proportional to the initial par-
ton energy (E) [22], and where the lost energy produces
a medium response, a larger medium modification is ex-
pected for higher momentum partons. Within our statis-
tical precision, no evidence for this is seen; rather, the op-
posite is found. However, should ∆E/E fall steeply with
increasing parton pT , an increased contribution from par-
tons which have lost little energy could make an observa-
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FIG. 3: (Color online) Away-side IAA for a narrow “head”
|∆φ− π| < π/6 selection (solid squares) and the entire away-
side, |∆φ−π| < π/2 (solid circles) vs. h± partner momentum
for various π0 trigger momenta. Calculations from two dif-
ferent predictions are shown for the head region in applicable
pT ranges. A point-to-point uncorrelated 6% normalization
uncertainty (mainly due to efficiency corrections) applies to
all measurements. For comparison, π0 RAA [23] bands are
included where ptT > 5 GeV/c.

tion of the medium response more difficult. In alternative
models of fluctuating background correlations [12, 13],
the modification is predicted to diminish at higher trigger
pT as the background contribution drops, in agreement
with observations.

In addition to the shape modification measurement,
the away-side integrated yield is determined. Away-
side jet yield modification in central collisions, shown in
Fig. 3, is measured by IAA (the ratio of conditional jet
pair yields integrated over a particular range in ∆φ in
Au+Au to p+p). The IAA uncertainties include uncorre-
lated errors (σstat), point-to-point correlated errors from
the background subtraction (σsyst), and a normalization
uncertainty from the single particle efficiency determina-
tion.

Away-side IAA values for pt
T

> 7 GeV/c tend to fall
with pa

T
for both the full away-side region (|∆φ − π| <

π/2) and for a narrower “head” selection (|∆φ−π| < π/6)
until pa

T
≈ 2–3 GeV/c, above which they become roughly

constant. The yield enhancement at pt
T
> 7 GeV/c and

pa
T
< 2 GeV/c is modest and occurs without significant

shape modification (Fig. 2). When pt
T
is decreased, the

away-side IAA differs between the two angular selections
as the shape becomes modified.

Average away-side IAA values from weighted averages
of the “head” region data in Fig. 3 for pt

T
(pa

T
) > 5(2)

GeV/c are listed in Table I for both central and midcen-
tral collisions. The fits, which are not shown, cover the
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... but leading hadron studies do have their limits

hadron

γ or hadron

surface bias, fluctuations from (modified?) fragmentation, 
bias toward high z fragmentation, increasing backgrounds 

for high pT tracks, etc
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What’s needed? 

!! Establish length dependence of energy loss. 

!! Establish energy dependence of energy loss. 

!! Measure medium modification of angular and momentum 

distribution of radiated energy. 

!! Measure quark mass dependence of energy loss. 

!! Many opportunities at RHIC and LHC: 

"! Tagged jets (energy, flavor) 

"! Angle dependence 

"! System size dependence 

"! Fully reconstructed jets 

!! A world-class jet detector at RHIC is needed 

B. Mueller, Hard Probes 2010
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Pseudorapidity (!)

PHENIX Spectrometer (2010)

sPHENIX Upgrade

!

A
zi

m
ut

h 
("

)

Compact
Barrel

Upgrade

0 -1 -2 -3 -4+4 +3 +2 +1

e±, #, jet
hadron

muon

Electron Direction $! Hadron Direction

A
zi

m
ut

h 
("

)

0 -1 -2 -3 -4+4 +3 +2 +1

Forward
Upgrade



0

0.05

0.1

0.15

0.2

0.25

0.3

T
jetmeas p

0 10 20 30 40 50 60 70 80

Tje
t

tru
e 

p

0

10

20

30

40

50

60

70

80
Tracking + EMCal

(horizontal strips normalized to eff)
 above 10 GeV/c)+/-(events w/o h

0

0.05

0.1

0.15

0.2

0.25

0.3

T
jetmeas p

0 10 20 30 40 50 60 70 80
Tje

t
tru

e 
p
0

10

20

30

40

50

60

70

80
EMCal + HCal(45%)

(horizontal normalized to eff)

hadronic calorimetry tightens correlation between 
measured and true jet energy

– reduced high pT background
– catch neutral energy



z   
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

/d
z

ch
 d

N
ch

1/
N

-410

-310

-210

-110

1

 > 40 GeV/c
T

 R=0.4 jets  pTanti-K
=10, L=3fmq
=0q

z   
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

=0
)  

q
=1

0)
 / 

FF
(

q
FF

(
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

hadronic calorimetry ⇒ ability to study modifications 

of fragmentation functions to high z 

limit of z-reach if rejecting tracks over 10 GeV/c



Transverse Momentum (GeV/c)
0 10 20 30 40 50 60 70

(c
ut

) [
Au

Au
 0

-2
0%

]
T

 >
 p

T
Co

un
ts

/E
ve

nt
 w

ith
 p

-1010

-910

-810

-710

-610

-510

-410

-310

-210

-110

1

10 Hard Processes pQCD @ 200 GeV
NLO pQCD W. Vogelsang
Light q + g jets

γDirect 
γFragmentation 

=0.2)
AA

 (R0π

jet, photon, and π0 rates in |η| < 1

(50x109 events ⇒ 1010 central events) W. Vogelsang, private comm.



Transverse Momentum (GeV/c)
0 10 20 30 40 50

(c
ut

) [
Au

Au
 0

-2
0%

]
T

 >
 p

T
Co

un
ts

/E
ve

nt
 w

ith
 p

-1010

-910

-810

-710

-610

-510

-410

-310

-210

-110

1 Hard Processes pQCD @ 200 GeV
FONLL pQCD - M. Carriari

=1.0)AACharm Quark Jets (R
=0.2)

AA
Charm Hadrons (R

=0.2)AA Electron (R→Charm 
=1.0)

AA
Beauty Quark Jets (R

=0.5)AABeauty Hadrons (R
=0.5)

AA
 Electron (R→Beauty 

M. Cacciari, private comm.

significant rates for heavy flavor tagged jets



Vitev and Zhang, Phys. Rev. Lett., 104:132001, 2010

one way to study the effect of the medium
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Spin-Dependent Interactions Nucleon Structure Physics: sPHENIX Plan

Figure 6.1: Feynman diagram for SIDIS (left) and Drell-Yan (right) showing the color struc-
ture and the final- and initial-state interaction via gluon exchange.

Q/
√

s · (ey − e−y)). Similar results have also been obtained by the Torino group [95].
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Figure 6.2: AN as function of Feynman xF (top) and rapidity (bottom) for Drell-Yan for√
s = 500 GeV (left) and 200 GeV (right). Note that only forward xF corresponding to posi-

tive rapidities is shown in the upper panels. The uncertainties shown as yellow bands are a
result of the uncertainties from the Sivers function extraction from the SIDIS data.

A precision measurement of AN for Drell-Yan will lead to an immediate advance in our
understanding. A nonzero AN for DY production would be consistent with the presence
of a correlation between the spin of the proton and the intrinsic transverse momentum of

136

200 GeV500 GeV

AN via Drell-Yan

access to dynamical origin of spin



Spin-Dependent Interactions Nucleon Structure Physics: sPHENIX Plan
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Drell-Yan begins to dominate for Mee > 4 GeV
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bring it all together

• Exciting near-term program driven by current 
upgrades: VTX, FVTX, MuTrig, DAQ2010 

• Answering fundamental questions beyond that calls 
for qualitatively new capabilities

• “sPHENIX”: compact, uniform detector

• jets, quarkonia, γ-jet correlations, tagged jets

• forward physics, spin, “0th order” EIC detector

• DAQ to record 25 billion Au+Au events/20wks 

• utilize projected RHIC luminosity 

• PHENIX decadal plan: www.bnl.gov/npp

http://www.bnl.gov/npp
http://www.bnl.gov/npp


Q2 PT Initial Parton

What scale sets this transition?

Tc

Probe Integrates Over a Range of Q2

pQCD
Scattering from 
Point-Like Bare
Color Charges

µD

pQCD Scattering
From Quasiparticles

with size ~ µDebye

Strong Coupling
No Quasiparticles

 µDebye ! 0

AdS/CFT

?!

" ?

What scale sets this transition?

Scattering 
from Thermal 
Mass Gluons?



Questions Observables Needs
Quarks strongly coupled
Interaction mechanisms

Jets, Dijets,
!"- Jet (FF, radiation)

Charm/Beauty Jets

J/# at multiple energies

Upsilons (all states)

Thermal Behavior
Thermalization time Direct !* flow

Quasiparticles in medium

Screening Length

Large Acceptance
High Rate
Electron ID
Photon ID
Excellent Jet Capabilities (HCAL)


