
June 28, 2002 LHCC Heavy Ion discussion

RHIC Plans

• Instrumentation(Machine and Experiments)

• Heavy Ion environment

• Highlights
– Machine Performance

– RHIC results

• Machine Evolution

• Detectors

• ‘the process”
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RHIC injector and Collider
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Interaction Region Geometry

Common design for vacuum chambers and forward
(ZDC) Instrumentation to 18 m.
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Central Event
From real-time Level 3 display.

STAR
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PHENIX Movie(quicktime)
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π0 in p+p at √s = 200 GeV
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high pT π0 full energy Au+Au

22x106 min. bias events
π0 pT > 8 GeV/c
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Particle id w. PHENIX Pb/Sc EMCAL t.o.f.

Time of flight(nsec)

1/p(GeV)
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Binary Collisions

Participants

b(fm)

N

The Heavy Ion Environment:

•Intra-beam scattering dominates luminosity lifetime@RHIC

•Luminosity determination easier than p-p:known to ~5%@RHIC
-> ~2% @LHC
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Npart,Nbin from Glauber model
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Intra-Beam Scattering (IBS) in
RHIC

Longitudinal Transverse

Longitudinal emittance growth agrees well with model

Additional source of transverse emittance growth (Beam-beam, dynamic apert.)

IBS determines RHIC Au performance

Eventually will need electron cooling (see below)
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RHIC RUN-2 Gold Parameters
–55 - 56 bunches per ring  (110 bunches per ring tested, intensity

limited)

–7.5 ××××    111100008 Au/bunch @ storage energy (intensity limited during
acceleration)

–1 ×××× 109 Au/bunch achieved @ injection 
–Longitudinal emittance: 0.5 eVs/nucleon/bunch (0.3-0.6 Design) 

–Transverse emittance at storage: 15 ππππ µµµµm (norm, 95%) 
–Storage energy: 100 GeV/ amu  (γγγγ = 107.4)  10 GeV / amu (γγγγ=10.5)

–Lattice with ββββ* squeeze during acceleration ramp:
∀ β* =  3 m and 10m @ all IP at injection  
∀ β*=  1 m  @ 8 and 2 m @ 2, 6 and 10 o’clock at storage 

–Peak Luminosity: 5 ×××× 1026 cm-2 s-1  (2.5 ×××× design average) 
–Bunch length: 5ns with 200 MHz storage rf system

(diamond length: σ = 25 cm) 

5 ns 

RHIC bunch profile



June 28, 2002 LHCC Heavy Ion discussion

Integrated Au-Au luminosity

FY2000
(66 GeV/amu)

FY2001 — 02
100 GeV/amu

PHENIX during last 10 days:
24 (µb)-1/week 

Lave(week) = 0.4 × 1026 cm-2 s-1

Lave(week)/Lave(store) = 27 %
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Example of RHIC ramp with 56
bunches

Acceleration start

BLUE Fill 
56 bunches

YELLOW Fill 
56 bunches 

Transition energy

Storage energy

Correction points (stepstones)
Orbit — Tunes - Chromaticity

Bunched Yellow current

Total Blue currentBunched blue current

Total Yellow current
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RHIC PERFORMANCE

•                                                      BEAM  CURRENT

•                             100 Gev / amu Au

100 GeV / amu Au
BEAM CURRENT

x 106 Au

10 GeV / amu Au

x 1023 cm-2 sec-1 LUMINOSITY
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“Typical Store” # 1812
Beam currents [x106 ions]

Collision rate [Hz]

Blue Beam Current Yellow Beam Current 

PHENIX: Lpeak = 3.7 × 1026 cm-2 s-1

                     Lave = 1.5 × 1026 cm-2 s-1

~ 5 hours
Expected: 5.0 for PHENIX 

2.5 for BRAHMS, PHOBOS, and STAR
Specific luminosity [Hz/1018]
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Central Au+Au

Highlights from Run 1(&2): Multiplicity distributions (PHOBOS et al.) 

Extrapolation to LHC ~1/4 of “design” dN/dη
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Energy density

PHENIX
dy

dE

R
T

τπ
ε

2

1=

for top 2% of distribution
dET/dη = 578+26-39 GeV

ε = 4.6 GeV/fm3 (τ = 1 fm/c)

cf. 405 GeV, 3.2 GeV/fm3

NA49 PRL 75, 3814, (1995)

ε = 15 GeV/fm3 (τ = 0.3 fm/c)

PHENIX
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Two Particle Azimuthal Correlations at High-pT

1. Per Event select high-pT particle (pT > 4 GeV/c)
2. Calculate ∆φ for other high-pT particles (pT > 2 GeV/c)

within a small polar angle range
3. Calculate ∆φ for all high-pT particles outside the range

beam axis

front view (xy)
side view (zy)

∆∆∆∆φφφφ
∆∆∆∆φφφφ

⇒Short range correlations:     particles in jet cone + background

⇒Long range correlations:                    background

⇒Difference:      particles in jet cone

Strong and direct evidence for hard scattering and
parton fragmentation (jets) at RHIC

STAR
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WA98

PHENIX

normalized to
peripheral data

yield per nucleon-nucleon collision in centr

yield in p+p
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E/P ratio

all charged

with RHIC hit

0.8 GeV <p< 0.9 GeV

random background
150

electrons~90% of
background

data are well described using PYT
 cross-section multiplied by numb
 binary collisions obtained from
 nuclear thickness function, TAB
(i.e., a Glauber model).

b
cc

µσ 20060380%)100( ±±=−

b
cc

µσ 25033420%)920( ±±=−

Electron id using
Momentum and Ecal
+ RICH

PHENIX
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RHIC UPC Physics results from Run I.
published

submitted
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b

LLLL(γγγγ-N)=1029 cm-2s-1  2<Eγγγγ<300GeV

(At nominal RHIC running)

γ−γ
AuAu-> AuAu+e+e- 33 kbarns

-> AuAu+2(e+e-) 680 barns

-> AuAu+3(e+e-) 50 barns

-> AuAu-+e+ 95 barns

γ−Ν
AuAu->Au+Au*

X+neutrons

92 barns

AuAu->Au*+Au*
X+neutrons

Y+neutrons

3.6 barns
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Efficiencies(hadronic):
    εbbc= (92 ± 2)%  (HIJING)*
         εbbc = (93 ± 2)%  (JAM ) 

 εzdc = (98 ± 2)% (conservative),
  εzdc = (99.5 - 1.5)%  (realistic)

 *(in PHENIX Multiplicity PRL)

BBC ineff-> Coulomb bkg

Other corrections
•Coulomb-> BBC hits
•Coulomb->ZDC miss

•Diffraction Dissociation
(all negligible)
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Technology for tagging
Photonuclear processes
(and Pomeron mediated..)

E asymmetry=(EZDCl-EZDCr)/(E+E)
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STAR
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Q:Why not use p-p since higher Luminosity*Running time?
A: Z2(or Z4) beats A0.3 *B0.3

γ−γ

Pomeron

p-p
Pb-Pb
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1) Using “ZDC cross section”

*Definitions
σtot=σ(Mutual Coulomb Dissociation)+σ(geom)==σ(hadronic)

*

Luminosity Measurement
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RUN2003 Goals (~ 3-4 weeks into
run)

– Prepare for modes with:
Energy/beam: 100 GeV/nucl., diamond length: σ = 20 cm, Lave(week)/Lave(store)
= 40 %

5 (nb)-12×10285×
1028

201756Si-Si

5 (nb)-12×10285×
1028

202100(d),
1(Au)

56d-Au

70 (µb)-13×102614
×1026

15-401156Au-Au

Lave (week)
[week-1]

Lave(stor
e)

[cm-2s-1]

Lpeak

[cm-2s-

1]

Emittan
ce

[πµm]

β*
[m]

Ions/bunch
[×109]

#
bunches

Mode
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Acceptance, Cross Sections and Resolution
central arm acceptance

(4ππππ)
σσσσ

pp Bee σσσσpp A
1.92 a

Au-Au
resolution

σσσσ
m

J/ψψψψ 0.8% 3.3 µµµµb 40 µµµµb 20 MeV

 ΥΥΥΥ 1.7% 10 nb 110 nb 120 MeV

muon
arms

acceptance
(4ππππ)

σσσσ
pp Bee σσσσpp A

1.92 a
Au-Au

resolution
σσσσ

m

J/ψψψψ 8.6% 3.3 µµµµb 430 µµµµb 110 MeV

 ΥΥΥΥ 6% 10 nb 380 nb 200 MeV

central arms:   J/ψψψψ →→→→    e++++e−−−− 

pt > 200 MeV/c
∆∆∆∆φφφφ = 2x ππππ/2
-0.35 < ηηηη < 0.35

muon arms:   J/ψψψψ, ψψψψ , ΥΥΥΥ −−−−>>>>    µµµµ++++µµµµ−−−− 
p > 2 GeV/c

      ∆∆∆∆φφφφ = ππππ
     -1.2  < ηηηη < -2.2
                 1.2  < ηηηη <   2.4

~ factor 10 larger acceptance for µµµµµµµµ
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Heavy Ion Luminosity Upgrades
• RDM RDM+ RHIC II
•Initial emittance(95%) πµm 15 15 15
•Final emittance (95%) πµm 40 40 3
•Beta function at IR [m] 2.0 1.0 1.0 → 0.5
•Number of bunches 56 112 112
•Bunch population [109] 1 1 1
•Beam-beam parameter per IR 0.0016 0.0016 0.004
•Angular size at IR [µrad] 108 153 95
•RMS beam size at IR [µm] 216 150 95
•Peak luminosity [1026 cm-2 s-1] 8 32 83
•Average luminosity [1026 cm-2 s-1] 2 8 70

•RDM and RDM+ assume 10 hr stores
•RHIC II includes electron beam cooling  and assumes 5 hr stores
since burn-off is high
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RHIC Luminosity and Emittance with Cooling
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Calculated distortion from normal collisions
(beam axis view)

• Mean dN/dη = 400

• Design Luminosity –
2 x 1026 (1/cm2 s)

• Full drift length
• DCA = 700 µm

• Dunlop DCA = 3 mm

Calculated distortion at design L

0.1 0.05 0 0.05
0

50

100

150

200

0

Space charge distorted track

Undistorted track Pt = ∞

Circle fit

r (cm)

x (cm)

Apparent
 DCA
700 µm

Impact of higher Luminosity on RHIC detector performance

STAR
TPC
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Space charge summary

27 mm3 mm80x1026Upgrade

0.7 mm3 mm2x1026Design

0.2 mm3 mm~0.5x1026Year 1

DCA
calculated
(normal
collisions)

DCA
expected
(beam gas)

DCA
measured
(beam gas)

L

STAR TPC performance with RHIC II under study
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Timeline for a major new project
DOE “Critical Decision” milestones

•  BNL submits “Mission Need” statement (scientific justification): Sept. 2002
DOE CD-0 (Mission Need) Feb.  2003

•  Prelim. CDR for electron cooling, detector upgrades Sept. 2003
•  BNL PAC scientific review of detector upgrade proposals Oct.  2003
•  NSAC Review Jan.  2004

DOE CD-1  (Approve preliminary baseline range) Mar. 2004

•  Conceptual designs complete Dec. 2004
DOE CD-2  (Approve performance baseline) Feb. 2005
DOE CD-3  (Approve start of construction) Sept. 2005

•  e-Cooling complete Sept. 2008
DOE CD-4  (Project operational) Sept. 2009
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Absorber and Beam Instrumentation (common design for
CMS and ATLAS I.r.’s)-TAN

+detectors


