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Introduction 
STAR’s philosophy 

 Use the full flexibility of RHIC 
  A+A: full range of A and E to characterize QCD matter 
  polarized p+p:  broad study of spin structure of matter 
  p+A: understand the A in A+A 
  e+A: precisely quantify the A in A+A 
  e+p: precisely quantify the spin structure of matter  
 Build on our strengths 
  Keep using (and refurbish as necessary)  
  existing and proven detector systems 
 Add fundamentally new capabilities  
  heavy flavor, muons, forward direction 
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Heavy Flavor 
Tracker (2013) 

Tracking: TPC 

Forward Gem 
Tracker 
(2011) 

Electromagnetic 
Calorimetry: 

BEMC+EEMC+FMS 
(-1 ≤ η ≤ 4) 

Particle ID: TOF 

Full azimuthal particle identification  
over a broad range in pseudorapidity 

STAR: A Correlation Machine 
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Upgrades: 
Muon Telescope  

 Detector  
Roman Pots Phase 2 
Forward Upgrade 



STAR Experiment 

BBC 

PMD 

FPD 

FMS 

EMC Barrel 
EMC End Cap 

FGT 

COMPLETE 

Ongoing 

MTD 

R&D HFT 

TPC 
FHC 

HLT 

pp2pp’ pp2pp’ 

trigger computing 



Timeline  
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Run: 9 10 11 12 14 

Forward TPC’s 
Heavy Flavor Tracker 

DAQ 1000 

Full TOF 

Forward Gem Tracker 

Small Beampipe STAR 

EBIS  

RHIC II Luminosity 

Low E Cooling 

Prototype 

Muon Telescope Detector Partial? 

Roman Pots Phase 2 

Forward Upgrade 



New Capabilities: Heavy Flavor Tracker 

•  Uniquely thin vertexer, with focus on fully reconstructed charm 
–  Run 14: does charm flow (in the hydrodynamic regime)? 
–  Run 15: reference data in p+p 200 GeV 
–  Run 16: baryonic composition (is there a baryon/meson anomaly?) 

•  Will lead to a revisit of the interpretation of NPE: branching ratios 
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New Capabilities: Muon Telescope Detector 

•  Muons at mid-rapidity: dileptons of a different flavor 
–  Effective trigger to sample entire RHIC luminosity 
–  No Bremsstrahlung tails: separation of states  

•  High precision Upsilons, J/Psi, …  
•  Possibility of Phase 2 upgrade in latter part of the decade to 

increase coverage, selectivity 
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Figure 8. The expected di-muon invariant mass distribution from J/! and
background in d+Au collisions (top panel); the invariant mass distribution of di-
muon decayed from ! at 0<pT <5 GeV/c (bottom panel). The di"erent ! states
can be separated. The equivalent p+p luminosity is also shown in the figure.
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Figure 9. The expected electron-muon correlation from charm pair production
and from random background in d+Au collisions. The equivalent p+p luminosity
is also shown in the figure.
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Figure 12. The ! RAA precision projection as a function of centrality with 20
nb!1 Au+Au and 300 pb!1 p+p collisions at 200 GeV with the optimized MTD
system at STAR.

Table 2. The ! statistics estimation for di"erent collision systems at RHIC-
II era. Deli. Lumi.: delivered luminosity in 12 weeks in 2013. Samp. Lumi.:
sampled luminosity in 12 weeks in 2013. According to the e#ciency of STAR, we
use 70% as the estimation. Min. Lumi.: required sampled luminosity with 10%
precision on !(3S) state. Min. Lumi.II: required sampled luminosity with 10%
precision on !(2S + 3S) measurement.

collision system Deli. Lumi. Samp. Lumi. ! counts Min. Lumi. Min. Lumi.II

200 GeV p+p 480 pb!1 336 pb!1 930 420 pb!1 150 pb!1

200 GeV p+p 200 pb!1 140 pb!1 390

500 GeV p+p 1200 pb!1 840 pb!1 6970 140 pb!1 50 pb!1

200 GeV Au+Au 22 nb!1 16 nb!1 1770 10 nb!1 3.8 nb!1

obtains two signals from each backleg (five or three trays). The 12 channels on each end of

each of these five or three LMRPCs are combined on the TTRG board to provide an “OR”

signal from the earliest discriminator output. Each TTRG board will thus provide an output

to the STAR Trigger system, implying a total of 54 cables from the MTD system to trigger

QT boards. The details are at Sec. 8.

5.1. Simulation

A full STAR Monte Carlo GEANT simulation of central Au+Au HIJING events has been

carried out at the early stage of the R&D to study the trigger capability. The study results

in Tab. 3, which shows that timing allows an e"ective cut for rejecting the backgrounds for

the dimuon candidates. Even for central Au+Au collisions, an enhancement of 40 to 200



Flexibility: Critical Point Search 

•  Phase 1: Runs 10 and 11 
~5M events/energy initially 

Fluctuations, LPV, NCQ, HBT 

•  Phase 2: Run >14  
–  Luminosity improvement 

with electron cooling  
–  Scan to lower energies, 

increased event count at 
other energies (dileptons…) 

•  Working hard on data 
taken this year to provide 
further guidance   
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where the saturation momentum Qs is determined by
solving

Q2
s(x,x!) =
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s)npart,A(x!), (3)

and similarly for nucleus B. The normalization # in
Eq. (2) is fixed by the measured charged particle mul-
tiplicity dNch/dy in central Au+Au collisions at

!
s =

200 AGeV (see below). To reproduce the results of
Refs. [7] and [12], we take #2 = 1.8.

Both the energy density (1) and the local (i.e. x!-de-
pendent) saturation momenta of the two nuclei, Eq. (3),
depend on the impact parameter of the collision through
the density of wounded nucleons npart in the transverse
plane, computed from the standard Glauber model for-
mula (see, e.g., Ref. [13]). For nucleus A it is given by
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while for nucleus B the nuclear thickness functions TA

and TB should be interchanged. The latter are computed
from a Woods-Saxon distribution for the density of the
uranium nucleus, with radius R(%) = (6.8 fm)(0.91 +
0.26 cos2 %) (where % is the polar angle with the nuclear
symmetry axis) and surface thickness & = 0.54 fm.

The integrated gluon distribution, xG(x, k2), in Eq. (3)
is given by

xG(x, k2) = K ln

%

k2 + !2

!2
QCD

(

x"!(1 " x)4, (5)

with K = 0.7 and '= 0.2 [12]. The running coupling con-
stant "s is computed from the one-loop expression

"s(k
2) =

4!

(0 ln
+

k2+!2

!2

QCD

, (6)

with (0 =11"2
3nf = 9. To render the calculations in-

frared safe, we limit the growth of the running coupling
constant at small k2 by cutting it o" at "s(k2)=0.5
[7]. In all expressions above we use ! =!QCD =0.2GeV
[7, 12].

From equation (1) we obtain the energy density at
thermalization time )0 (for which we use )0 =0.6 fm/c) as
e(x!, )0) = dE/()0 d2x! d*) at * = y = 0. We then trans-
late this energy density e into an entropy density s, by
assuming that it thermalizes and using the relationship
s =8.67 e3/4 (where e must be inserted in GeV/fm3) for
a thermalized ideal gas of quarks and gluons. By adjust-
ing #, this entropy density is then normalized such that
for impact parameter b =0 its integral over the trans-
verse plane yields the same result as the Glauber model
in reference [1] (cf. Figure 1).
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FIG. 1: Transverse entropy density profiles in the in-plane
direction (left) compared with those in the out-of-plane direc-
tion (right) for central Au+Au (top panels), tip-on-tip U+U
(center panels) and side-on-side U+U collisions (bottom pan-
els). Shown are results from the Glauber model (dotted) and
from the KLN model with three di!erent pT cuto!s (see text):
pcut = 3GeV/c (dashed gray), pcut = 2Qmax

s (solid black), and
pcut =! (solid gray).

We then assume that the charged particle multiplicity,
dNch/d*, is proportional to the total entropy produced
in the plane, dNch/d* = #

-

d2r!s(r!), and adjust the
proportionality constant # = 0.088 to agree with cen-
tral Au+Au data obtained by the PHOBOS collabora-
tion [14]. The resulting fit is shown in Figure 2. These
parameters are then assumed to also describe U+U col-
lisions at the same collision energy.

In the work of Hirano and Nara, the integral over pT

in Eq. (1) is cut o" at a fixed value of pcut = 3GeV, to
limit the contribution from high-pT gluons which ther-
malize incompletely [12]. As shown in Fig. 2, the result-
ing centrality dependence of the charged particle mul-
tiplicity in 200AGeV Au+Au collisions reproduces the
PHOBOS data [14] very well. However, the use of a fixed
pT cuto" in Eq. (1), independent of impact parameter,
raises questions: The momentum dependence of the un-
integrated gluon distributions +A,B is controlled by their
respective saturation momenta in Eq. (3) which do de-
pend on both x! and b; by implementing a fixed cuto" in
pT , one doesn’t allow the pT integral to fully explore this
b-dependence. As we discuss now (and show in Figure
2), this leads to a significant distortion of the centrality
dependence of charged hadron production.

At any given point x! in the overlap region of the
two nuclei, the result of equation (1) is controlled by
two saturation momenta, Qs,min and Qs,max, correspond-
ing to the smaller and larger of the nuclear thicknesses
of the two colliding nuclei at this point. If we ignore
the running of "s, the integrand of equation (1) is es-
sentially constant for pT <Qs,min, decreases like 1/p2

T
for Qs,min <pT <Qs,max and like 1/p4

T for pT > Qs,max.
With a fixed pT cuto" we cut o" more of the 1/p4

T tail

Flexibility: U+U 

•  Run 11: first feasibility studies 
•  Run 12 and later: high luminosity studies 
•  Unique: pathlength dependence of quenching (50% more L) 

–   Full range of measurements: γ-jet, b and c, jets, Upsilons, … 
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Au+Au 
U+U 

Body-Body 

A. Kuhlman, U. Heinz, Y.V. Kovchegov, Phys. Lett. B638, 171(2006   



Techniques: Spectroscopy 
•  STAR is the best place in the 

world for anti-hypernuclei 
•  Atomcule program started in 

Run 10: tests of CPT  
•  Beginning investigation of 

possibilities in µ-mesic atoms 
(µ-π, µ-Κ, µ-p) 

•  Exotica in Ultra-Peripheral 
Collisions and using Roman 
Pots Phase 2 in pp collisions 
–  High luminosity = wide range of 

final states available 
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Unique to RHIC: 
Antinuclear  
(A>antiproton)  
 atomcules 



Techniques: Jets 
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Beginning results from Run 7 indicative, but in no way final word 
Huge increases in significance with trigger upgrades+luminosity 

 To do: investigate b-tagging with HFT 

Complementary to LHC: only place to do jets < ~50 GeV 
 RHIC: quark jets  LHC: gluon jets (+b-tagging)  



Spin: the broad array 

•  Elucidate the partonic structure of the proton 
–  Gluon polarization 
–  Flavor-separated quark and anti-quark polarizations 
–  TMDs and twist-3 correlations 
–  Transversity 

•  Explore the dynamics that underlie spin-dependent 
hadronic interactions 
–  Origins of the large transverse single-spin asymmetries 
–  Diffractive interactions 
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Remaining goals from Run 9:  Inclusive jet ALL 

•  Goal for the Run 9 200 GeV run: 
–  50 pb-1 @ 60% pol – reduce ALL uncertainties a factor of ~4 
–  Provide strong constraints on gluon polarization 

•  Ended up sampling only 1/3 the desired Figure-of-Merit 
•  STAR is not done with gluon polarization studies at 200 GeV 

Projected improvement in xΔg 
had we achieved the goal 

STAR Run 9 goal – inclusive jets 

STAR 
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Projected sensitivity for di-jets at 500 GeV 
•  Includes information on 

trigger rates, etc., from 
Run 9 

•  Uncertainties shown 
are purely statistical 

•  Must push the relative 
luminosity systematic 
uncertainty down 
–  High polarization 

essential to minimize 
this sensitivity! 

Assumes 600 pb-1 delivered @ P = 50% 
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W sensitivities in upcoming runs 

•  Will significantly reduce uncertainties on antiquark polarizations 
•  Both high luminosity and high polarization are essential 

–  Precision of beam polarization measurements also important for mid-
rapidity W+ asymmetries 
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Transverse spin measurements 

•  Next few years: 
–  AN for π0 and η with high precision over a broad range in 

(xF,pT) 
•  Important on their own 
•  Essential inputs to constrain the backgrounds for direct photons 

–  AN for photons and γ + jet 
–  AN for jets or jet-like events 
–  Forward Lambdas 

•  Also very interesting with longitudinal beams 

•  Further future: 
–  Drell-Yan 
–  Polarized 3He 

Forward Hadron Calorimeter: 
Inexpensive bridge to full 
forward upgrade 

Forward Upgrade 
 Tracking: Solenoid is likely enough,  
  but need high precision spacepoints 
 Calorimetry: granularity, e/h 
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New Capabilities: Roman Pots Phase 2 

•  Extend t acceptance, run concurrently 
•  Glueball search in double Pomeron exchange 
•  Future: critical for diffractive physics at eRHIC 
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p+A: Saturation 

•  Indications of saturation in Run 8 from decorrelation 
•  Compelling and necessary further measurements in future  

–  Go as electromagnetic and factorizable as possible: Drell-Yan, photons 
–  Likely want p+A, rather than d+A, for cleanest results 

•  RHIC provides unique access to the onset of saturation  
6/21/10 BNL PAC Meeting 18 



Connections: A+A to p+A to e+A 
•  e-A: Precise understanding of A in A+A 

–  Initial state: saturation and more generally nuclear PDF’s 
–  Energy loss in cold nuclear matter 

•  Precise control of kinematics, map independently x and Q2 

•  Factorization: initial probe via QED rather than QCD 

19 

vs 

e-A 

A-A 

STAR FMS here 
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STAR and meRHIC 

•  Current detector matches quite well to kinematics of meRHIC 
–  Particle ID, sufficent pT resolution, etc. at mid-rapidity 
–  Upgrades in forward direction: increase capability at lower momentum 

•  Developing plan for effective and compelling use of e+A 
6/21/10 BNL PAC Meeting 20 
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Longer term: STAR and eRHIC 

•  Forward region critical for higher energy options 
•  Major upgrades in forward direction needed 

–  Either in STAR, keeping mid-rapidity capability intact, or in a 
completely new detector somewhere else 
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Summary 
STAR’s philosophy 

 Use the full flexibility of RHIC 
  A+A: full range of A and E 
  polarized p+p:  broad study of spin structure of matter 
  p+A: understand the A in A+A  
  e+A: precisely quantify the A in A+A 
  e+p: precisely quantify the spin structure of matter  
 Build on our strengths 
  Keep using (and refurbish as necessary)  
  existing and proven detector systems 
 Address our weaknesses 
  Add fundamentally new capabilities  
   heavy flavor, muons, forward direction 
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