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The RHIC Accelerator




RHIC: RHI+polarized p-p collider
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Improved Collision Luminosity 2006-8
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The PHENIX Experiment

Tale of the Tape: PHENI X isdesigned to probe
»Begun Operation June 2000 fundamental features of the strong
»>550 Scientists, 14 Countries, 69 I nst. nuclear force, Quantum Chromo

Dynamics (QCD)
*PHENIX took approx. 10 yearsand
$120M to design, build & commission

»18 Detector subsystems
»4 Spectrometer arms

> Large electromagnets ‘We are finishing our 8" year of
> Total weigh = 3500 Tons operation
»>300,000 readout channels now
»>3,000,000 channels w/Upgrades Approx 500 tracks result
» >125 Varieties of custom printed o f{om a Au+Au ion collision

i
P 1
A 5

circuit boards

»We can take 16 Terabytes of data/day
»FillsOne 100 GB computer hard disk
every 3¥2minutes

»Operate 7-8 monthslyear (24/7)
»Maintain/repair 4-5 months/yr

»Major components built everywhere
»US, Russia, Japan, Brazil, Isradl,
France, Sweden, Germany, Korea

>t takes ~110 people/wk to oper ate

PHENIX while taking data




PHENIX maintenance




The PHENIX Detector

» Detector Redundancy

» Fine Granularity, Mass
Resolution

» High Data Rate
» Good Particle ID

CharqedI'FBarthe rac ;t%nce

Drift Chamber

Pad Chamber

Time Expansion Chamber/TRD

Cathode Strip Chambers(Mu Tracking)
Particle|D:

Time of Flight

Ring Imaging Cerenkov Counter

TEC/TRD

Muon ID (PDT’s)

Aerogel Cerenkov Counter
Calorimetry:

Pb Scintillator

Pb Glass

Muon Piston Calorimeter (3<|n|<4)
Event Char acterization:

RxPN-Reaction Plane detector

Beam-Beam Counter

Zero Degree Calorimeter/Shower Max Detector

Forward Calorimeter




PHENIX Detector Configuration for Run8

PID at higher pri °
with TOF-W

FHEMIX Detector

P [ e !
8 1 TEL
9 15 20 25 30 35 40 45 50 55 60 pry  aps
Time of Flight P2
0.5 T T T
® RXNP
A = MPC
2 041 ¢ BBC b
= o0 4
5 ° .
e e °
f 03 . ° -
= °
3 °
8 0.2t ® -
I3 ° - L]
L | | |
z - " . e NP
S olf " " . MRS
Vv e = IR X R XY -
. oo "
L | * * P ‘ 4
IR S * I 1 1 48y

500 1000 1500
BBC Charge (Centrality)

RXNP - P;vuge

P

Tar
improvement in ol S memm e
AuAu reaction plane .. o
e _ . -|-+";| Bt R 1
Two MPC's - nice for N \L el
asymm dAu ottt | : [_ o
collisions
100l |hadrbns South Hide View harth
electrons
soll ]
HBD was removed for
rework until 2009
00 I 1J00ﬂ‘ﬂh I,Z(I]l) 30:)'WL “.“4(;0 ‘500
ADC counts

10




PHENI X Data Sets

Run Year Species | Vs (GeV) JLdt [Nt (samp.) | Data Size
Run1 2000 | Au+Au 130 1 pb” 10 M 3TB
Au + Au 200 24 pb™ 170 M 10 TB
Run2 2001/02 | Au + Au 19 <1M
p+p 200( 0.15 pb™ 3.7B 20 TB
-1 R
Run3 2002/03 |9 +Au 200| 2.74 nb 5.5B 46 TB
p+p 200| 0.35 pb”’ 6.6 B 35TB
-1
Run4 2003/04 |_AUtAu 200| 241 pb 1.5B| 270 TB{—
Au + Au 62.4 9 ub” 58 M 10 TB -
Cu+Cu 200 3 nb™’ 8.6B| 173TB 2 X
A1
RUN 2005 Cu +Cu 62.4| 0.19 nb 04 B 48 TB S ©
Cu+Cu 224\ 2.7 ub™ oM 1TB| <(| X
p+p 200/ 3.8 pb” 85B| 262TB| x| O
-1 m
RUN-6 2006 p+p 200| 10.7 pb 230B 310 TB o™
p+p 62.4| 0.1 pb™ 28 B 25TB
Run-7 2007 | Au+Au 200, 813 ub” 51B| 650 TBle—
d + Au 200/ 80 nb™ 160 B| 437 TBl¢
Run-8 2007/08 p+p 200 5.2 pb" 115 B 118 TB
Au + Au 9.2
Collided 4 different species in 8 years: Au+Au, d+Au, pt+p, Cu+Cu

6 energies run: 9.2 GV, 19 GV, 22.5 &V, 62.4 &V, 130 GV,
200 &V 11



Three things are dramatically different in Relativistic

Heavy lon Physics than in p-p physics

e the multiplicity i1s ~A~200 times larger in AA central collisions than in p-p =huge
energy in jet cone: 300 GeV for R=1 at Vs, =200 GeV

* huge azimuthal anisotropies which don’t exist in p-p which are interesting in
themselves, and are useful, but sometimes troublesome.
e space-time issues both in momentum space and coordinate space are important in
RHI : for instance what is the spatial extent of parton fragmentation, is there a
formation time/distance?




STAR-Jet event in pp STAR Au+Au central PHENIX Au+Au central
High p; particle High p, particle
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Anisotropic (Elliptic) Transverse Flow--an Interesting

complication in AA collisions

\" 7 anisotropy

Ed*N &N &N
dp? prdprdyde 2w prdprdy

e spatial anisotropy=> momentum

Px

[14+2v1 cos(p—PRr)+2vs cos2(p—Ppr)+ - -]

. . V1 = (COS @ v9 = (Ccos 2¢
*Perform a Fourier decomposition of the | / ( )
momentum space particle distributions in |  Directed flow Elliptical flow

the x-y plane zero at midrapidity || dominant at midrapidity

vV, is the 2nd harmonic Fourier coefficient




Elliptic Flow v, in AuAu Central 200 GeV Universal in

constituent quark Kinetic Energy

STAR PRC72 (2005) 014904 PHENIX PRL98 (2007) 162301
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elarge v, for high and low p, plateaus for p;>2 GeV/c for
mesons, scales in KE/constituent quark
* @-meson (not shown) follows same scaling: further implies
flow 1s partonic not hadronic
*KE scaling suggests Hydrodynamic origin.

* v, for p> 1 GeV/c suggests low viscosity, D.Teaney,
PRC68 (2003) 034913, *“the perfect fluid’’??

Quantum Viscosity Bound from string theory reinforces
this idea, Kotvun, Son, Starinets, PRL 94 (2005) 111601



p-p collisions at RHIC: 1° production (PHENIX)

T 1P ——— SICF < 10k
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Suppression of TV is arguably the major discovery at RHIC.

Energy loss in medium?

CuCu central 10% R,, vs Vsy,
Au Au \/sm.-200 GeV QM 2005 | PHENIX, arXiv:0801.4555 [nucl-ex]
& 1. 5— [] 5% Central 0 — % T T TP
L a7 . - " Vitewy 5, = 224 Gy, N
| PHENIX preliminary . (i d 70 ey b et PH TENIX
B s h +h/2 2 8, = 200 GV
B B Vitev, 22.4 Ga¥, 130 = diidy = 185
1_ ___________________________________ ] ] Vitew, 62.4 GaW, 175 =< dH“M!'I o P55
B S—— - ; [] vitew, 200 GeV, 255 = diidy = 370
i PH ENIX : 1.5 Cu+Cu, 0=-10% masl ceniral
0.5 /\,,. ] H
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B .=! LA ] 7] : 'i"- g | I I L | T
u_ L L 1 1 .I ;*;.£|..I | 1 ;¢+:*+u + 1 +| 1 ] ul5 ! *If L] 1 +?;..L-+++T Ir — T. I |
0 5 10 15 20
p,(GeVic)
. 0 5 10 15
Py (GeV/c)

R d’N7, /dp, dyN
wa (Pr) = < 0’07 /dp;dy Suppression is unique at RHIC-different
from low Vsy (22.4 < Vs < 62.4 GeV)

Non-identified h* and 10 are different for p;< 6 GeV/c= particle ID is important.
T suppressed by a factor of 5 compared to point-like scaling for 3< p,< 20 GeV/c!

Original 10 discovery, PHENIX PRL 88 (2002)022301; latest preprint 0801.4020 [nucl-ex]




J/Y Suppression (R,,) is the same at

mid-rapidity (PHENIX e*e") as at lower Vsy

1.2 :
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e _+ PHENIX PRL 98, 232301 (2007)
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' S — fame in the infamous press conference of
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0.4 o & — the predicted signatures of a QGP.”’” Will
L E._. — é have to wait for LHC to find out whether
- J/Q merely act like ordinary hadrons low p;
0 2'_ ? or whether they are actually probes of
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New PHENIX AuAu data

Away side correlation
in AutAu is generally
wider than p-p with

complicated structure

Define Head region
(HR) and Shoulder
regions (SR) for wide

away side correlation.

0.06 |
0.04 |
0.02 |

—_
O
~—

oW T T[T 7T
O

3-4 ®0.4-1 GeV/c

—o— Au + Au 0-20%
el o-p+p
g o

3-4®1-2 GeVic

x 1.5

x 10

000000

=

5-10 ® 5-10 GeV/c ]

x 2.5




h*-h* correlations - Reaction plane dependence

Au+iu 1|,|5|,,‘H,‘,'-=El:ll:ll:hz‘m'. Cent=30-40%, 1-Cp1_mnc*=2 GeVic, Efpt_m-ta GeVic

0.08 F ;
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Aa (rad)

A (rad)

We now see a nice jet shape without a dip at 0°.

Allows improved background subtraction. 1) Acceptance correction does not depend on event
plane, so use non-event plane selected mixed events for this. 2) The flow background, which

1s a non-jet correlation to the reaction plane, should then be given by mixed events as a
function of event plane corrected for acceptance.




Conclusions

e the nuclear matter produced in central Au+Au collisions at RHIC
appears to be a nearly perfect quark-gluon "liquid" instead of
behaving like a gas of free quarks and gluons.

* No signs of a rapid phase transition have been seen---consistent
with latest 1deas that transition 1s a cross-over at RHIC energies.

* The medium at RHIC 1s characterized by very high energy
densities, density of unscreened color charges ten times that of a
nucleon, large cross sections for the interaction between strongly
interacting particles, strong collective flow which implies early
thermalization.

» This state of matter is not describable 1n terms of ordinary color-
neutral hadrons, because there is no known self-consistent theory
of matter composed of ordinary hadrons at the measured densities.



Sources of photons

® |n p+p collisions

O Direct photons I~ : 1.2~
Compton scattering L pop —+1+X @ s = 200 GoV
o Fql sttt e R A B
(@) q + g > q + % Luﬁuﬂun Huullﬂil}l:_: "_E
o
— o er as R ) ; ﬂ.ﬂ _
gq annihilation ,ﬁ d irect
_ _ = 0.6
o q + q 9 g + y ! .-‘4.|1n|h|J;|I|n||I-_I
Bremsstrahluncg _ _ =
rJI.- a 5 '.::-q -
e N 02 fragmentation
) T B e
O Fragmentation photons p; (GeVic)

O Final state hadron decay (background)
™,n,KO,...>y+y

N
(\)



Sources of photons

* In A+A collisions

— High pT photons (pT> 6 GeV): non thermal Rate
+ Initial parton-parton scattering: as in p+p
* not affected by Hot and Dense Matter =» test

the theoretical description of A+A collisions
with pQCD

-

Hadron Gas Thermal T,

— Low pT photons (pT < 3 GeV) : thermal
Come from the thermalized medium

» Carry information about the initial temperature
of the Quark Gluon Plasma

* Thermal photons are created in the QGP as
well as in the hadron gas over the entire
lifetime of these phases =» test hydro models

Jet Re-interaction (T xvs)

=

pQCD Prompt xvs

— Low and intermediate pT photons (up to 6 szt
GeV) *---”-l‘.-“.---“.--Il.--”---“---l|---|l---|
+ Interaction of the quarks and gluons from Emission time

the hard scattering processes with the QGP

Ohard T Jagp 2 A+ Y
— vy get a large fraction of the momentum
of CIhard

[\
(O8]



Phenix year-3 and year-5 data set
— Reference for Au+Au

— Measured p+p yield compatible
with NLO pQCD calculations
(tends to be higher by ~20%)

p+p \s = 200GeV direct photon fit check
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pQCD photons (High p;) in d+Au

Phenix

— Consistent with NLO pQCD
calculation
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NLO calculation
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« PHENIX Run 2
— Computing RAA-VS'Npart
dN’

R =
AA <N

coll

— 710 are quenched
— Direct y are not
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PHENIX Run 4

— Reach up to 18 GeV/c (12 GeV for Run
2)

— Qualitatively well described by NLO
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pQCD photons (High p;) in Au+Au

Au+Au run 4 compared with p+p

| Direct Photon Aut+Au\s,, = 200GeV, 0-10%

— Computing Ry,

& 2
. ~ dNZ, ® 4.8C_ PHENIX
RAA - < Ncoll >de;§p 1.6 preliminary
« consistent with N, 1.4 . |
scaling below ~10 GeV 19 isospin  S"2AOVING - shadowing
« Small decrease observed '1 ... 7 energy loss
at very high p+ ]
0.8
— interpretation 0.6 | — Arleo {
0.4 X
+ F. Arleo : JHEP 0609 (2006) PH ENIX Arleo EKS 1
015 0.2 — Arleo EKS 20 <w_<25 GeV
] ] n...I...I...I...I...I...I...I...I...I
* High-p; suppression due 0 2 4 6 8 10 12 14 16 pT? EWCE}O

to isospin effect, in
addition to jet quenching
and shadowing.



Dielectrons @ SPS

Chiral Symmetry Restoration (?)

Adding mass term in QCD lagrangian brokes chiral symetry
Lattice QCD predicts that it is restored at T, ~ 150 — 200 MeV
Experimentally expect mass drop and broadening of the p-meson

At SPS-CERN (~20 GeV), low mass excess observed by CERES in Pb+Au and
confirmed by NAGO in In+In.

=

—k
o3

<dN, fdm, =<, ~(100 MeV/c')"

=

10~

Nucl.

=

"o 20000~ No centrality selection
CERES/NA45  Pb-Au 158 A GeV > | Al
o = i T
Prafiming ' I'-squ'llrll.:l 7 5% g :
p>200 Melie g 15000
=35 mrad % i
| 2. 1n=2 65 % B
10000~
. I
T R . lF' { 50001
bt 2 ] N ] : B
1 .....!II:........I..: s ___E Oo‘llo;].l‘oﬁ 08 1‘ 12"‘14
g 02 04 065 08 1 12 14 16 1.8 ' ' ’ ’ M (Ge;Vlcz)-
)
Phys. A774, 43 (2006) m,, (GeVie') Phys. Rev. Lett 96, 162302 (2006)



Dileptons at RHIC

Expected sources
Light hadron decays
— Dalitz decays 1, n
— Direct decays p/wand @
Hard processes
— Charm (beauty) production
— Much larger at RHIC than at SPS

@\'s = 200 GeV

|_|IIIIIIIIII

_ : : . all pairs
Possible modifications

minimum bias Au+Au

-~ Chiral symmetry restoration
continuum enhancement

—

dN/dm,_dy [c%GeV]

Photons and dileptons: radiation from the media

direct probes of any collision stages (no final-state
interactions)

large emission rates in hot and dense matter

according to the VMD their production is mediated in
the hadronic phase by the light neutral vector mesons
(p, w, and @) which have short life-time

Changes in position and width: signals of the chiral
transition?

modification of vector mesons

thermal radiation
charm modification
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The raw subtracted spectrum

Same analysis on data sample with additional conversion material
—>Combinatorial background increased by 2.5
Good agreement within statistical error Ogigna/ Signal :‘ Ope/BG|*

AUAA BG/signal
Uu+AuU
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% 2 ;10'3 L L A N B BN B
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g o all e'e” pairs —
- — combinatorial background (B) 2 1wy — combinatorial background =
10 10; = signal (S) f ZE # comelated pairs ’ E
E O signal from converter runs R % 10° =8 — cross pairs (EXODUS) =
[;I L .61# L I'I| L1 .1:5| L1 2.. L1 |215| L1 |é| il |3!5| cea 3 - ’ -+~ jet pairs (PYTHIA) E
m,[GeV. ~  1of -
From the agreement converter/non- - =
converter and the decreased S/B 0 =
ratio scale error < 0.1% o ]
(well within the conservative 0.25% 3
error we assigned) o I
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Meson p; spectra pp PHENIX

PHENIX arXiv: 0802.0050
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Start from the 70
assume: n° = (" + 7)/2
parameterize PHENIX pion data:

. d’o A
3 n
d'p  (exp(-ap; ~bp3) +pr/py)

Other mesons well measured by
many different detection and
analysis methods, PHENIX is a
very versatile detector.

Other mesons are fit with:

m+ scaling of T° parameterization
Pr— \/(pT2+mmeson2-mn2)

fit the normalization constant
—>All mesons m; scale!!!



p+p Cocktail Comparison
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Charm: integration after cocktail subtraction o
— 0,=544 + 39 (stat) £ 142 (sys) + 200 (model) ub
Simultaneous fit of charm and bottom: ”
— 0,=518 + 47 (stat) £ 135 (sys) £ 190 (model) pb 1o
— 0,= 3.9+ 2.4 (stat) +3/-2 (sys) pb e T TV IR W b
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Charm and bottom cross sections

CHARM BOTTOM

Dilepton measurement in agreement

L , Dilepton measurement in agreement
with single electron, single muon, and

with measurement from e-h correlation

with FONLL (upper end) and with FONLL (upper end)
i 5 -
Ocx PHENIX UA2 S (comecio &
g W 1% | oae
A ol PHENIXp+p - '
© N spectra = “UA1 p+p

= spectra :
di-electron H di-electron

1E -~NLO pQCD

10 -

E % NLO pQCD o ; E771 ptS

- & 1 S

H JHERAB prCITIW Pmlx

10 -2 L E789 p+Auyi-- i

= I SPS/FNAL 10 2—5789 P | Preliminary

L 1 1 [ | 1 L 1 L1 H i : RN

o’ ;
1 N 10* 10 Vs (GeV)
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First measurements of bottom cross section at RHIC energies.



Au+Au Cocktail Comparison
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10" min. bias Au+Au at syn = 200 GeV -Data absolutely

[+ DATA 0 > yee IV - ee normalized
2 0.35 : e :
1074 m:MG vie | Tnmee ¥ oee *Cocktail filtered in
q PR —oyee -nem cCoee (PYTHIA) PHENIX acceptance
p—ree  nenen cc — ee (random correlation)

Charm from
— PYTHIA

i ¢ — ee & nee PH  EMIX .
— Single electron non

. dN/dm,_, [ch'GeV] IN PHENIX ACCEPTANCE

-4 |
10 | photonic spectrum w/o
,,,,,,, ~ angular correlations
. '.-_.I L, _
10°° 0.= N, X 567+57+193ub
.tﬂvﬁ § .”:I'r"rr,“”. b = . ‘ L
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Emw ' § | T
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0 05 1 45 2 25 3 38 T4TTTEs
Low-Mass Continuum: m,, [GeV/c]
enhancement 150 <m, <750 MeV: 3.4+0.2(stat.) +1.3(syst.)+0.7(model)
Intermediate-Mass Continuum:

Single-e - pt suppression & non-zero v2: charm thermalized?
PYTHTIA single-e p; spectra softer than p+p but coincide with Au+Au
Angular correlations unknown

Room for thermal contribution?



1/N,,, dN/dm,, (c%/GeV)
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pp — AUAU comparison

p+p NORMALIZED TO m_ <100 MeV

Au+Au & p+p aty/s,, = 200 GeV

PH  ENIX

0.0 GeVic < p, < 8.0 GeVic
0 min. bias Au+Au (Run4)

* p+p (Runj)
— Cocktail p+p

both normalized to m__ < 100 MeV/c?

ee —
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05 1

1.5 2 2.5

3 3.5
m,, (GeV/c?

-~

pp and AuAu normalized
to 10 region

p+p: follows the cocktail
Au+Au: large
Enhancement in 0.15-0.75

Agreement in
infermediate mass and
J/W¥ just for 'coincidence’
(J/Y¥ happens to scale as
T® due to scaling with
Ncoll + suppression)



LOW MASS ]
0_5"' 30_. Ty r ot e T L L Tlo reglon:
e Fla) Authuatys, =200 Gev 1 « Agreement with cocktail
RN Yield /(N _ 12) .
z L ®  AutAu(150<m_ <750 MeVic) | Low Mass:
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e 7 > enhancementfrom binary
: : . . . ’7
oE- E annlhlla’flon (TrTT Or Q)
- " 1 Intermediate Mass:
i 7 e« yield increase proportional to N
3 T IR T T RS R R R R R RRE ] coll
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{J ] | | ] | ] | ] | | ] ] ] ] |,I | ] | ] | | ] | ] ] ] | | | ] ] I—!_
s [ib) =
o _I INTERMEDIATE MASS
E s AutAu {Ili:m <1Ill] Me‘ﬂc] ] JE
Z p+p{ll<m <1lllJ MeVic?) T
5 T COCKTAIL (b<m_<100 MeVic?) — \E AutAu atys,, =200 GeV
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;qm; 0.0 GeVic < p_<8.0 GeVic PHENIX Preliminary 0.0 GeVic <p <07 GeVic 3
% O min. bias Au+Au (Rund) O min. bias Au+Au (Rund) a
£ L% & p+p (Runs) ] & p+p (Runs) _
g 10 ; — Cocktail p+p E — Cocktail p+p E
-] = % both normalized to m,, < 100 MeVic® 3 both normalized to m,, < 100 MeWe® 3
E — —] —
fwte = E
w0 = E
10°E- =" —JJ——;
= - r—
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= 10 E A HA
2 o | | | | HE B
Q = - = - =
s : PHENIX Preliminary 0.7 GeVlc < p < 1.5 GeVic =+ PHENIX Preliminary 1.5 GeVic < p = 8.0 GeVic 3
% O min. bias Au+Au (Rund) 0T O min. bias Au+Au (Rund) ]
£ 102 @ pp (Runs) @ p+p (Runs) _
g — Cocktail p+p = — Cocktail p+p E
- both normalized to m,, < 100 MeVic® 3 both normalized to m,, < 100 MeVic® 3
a - —

£

= 100 E 1 E
w0t e = =
0°E = E
—| 0.7<p;<1.5GeV/c - 1.5<p,<8 GeV/c ]
10‘3 E_ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 == 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 | 1 =

0 0.2 0.4 0.6 0.8 1 0.2 0.4 0.8 0.8 1 1.2
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p+p: follows the cocktalil

Au+Au: enhancement concentrated at low pt



Dileptons at low mass and high p+

w107 w 107
% 1ap<2 GeVlic %
g 2ap_«3 Gellic 8 |
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‘m<21t0nly Dalitz contributions

‘p+p: ho enhancement at low p+

Au+Au: large enhancement at low p+
*Any source of realy produces virtualy with very low
mass
*Assuming internal conversion of direct photon >
extract the fraction of direct photon
‘p+p: follows pQCD
*Au+Au: clear excess above pQCD - signal of
thermal photons?

g
g g

-
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E pQCD x T, W. V.

Ed®N/dp3(GeV-Zc?) or Ed’c/dp® (mb GeV?Zc?)
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- Ydirecl = Yincl X Tdirectlyincl.

. Au+Au at, SN = 200GeV

= ] p+p at\s = 200 GeV

w=05p
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w=20p
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direct y*/inclusive y*
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o %4 —+ T

2 C T ]

B oasf (a) p*p 1 (b) AuvAu Min. Bias ]

=3 C PHENIX Preliminary T PHENIX Preliminary ] .

2 o 1 ¢+ 1 Curves : NLO pQCD
= T ] . .
gos 1 =05p;, 7 i calculations with
o C

=

= 1 = 1.0pyg 1 different theoretical
no 1
“ud 1 =2.0p, ' scale done by W.
iy : LO LO d
: ' (dg-%/dp)/{do </ +dd™**Tdip
"||||||||||||||
1 1.5 2 2.5 3 3.5 ;T {G:‘.\?ﬂc}l 1.5 2 25 3 3.5 4PT [Gt\sﬁcj
ptp AutAu
e Consistent with NLO pQCD e Clear enhancement above NLO

— better agreement with small pQCD
u



Theory comparison

min. bias Au+Au at\ fsNN =200 GeV
T . DATA [T T T T ]

cocktail + random cc: 9.5fm

-
<

total
vacuum p (RR+HH: 1fm)

* Freeze-out Cocktail +
———— in-medium p (RR+HH: 1fm) | | “random” Charm +
—————— dropping p (RR+HH: 1fm) .
———— inmedium p (KD+IZ: 3m) . p spectral function

collisional broadening (EB+WC: 9. 5fm)
Low mass

colhsnonal broadenmg + droppmg p (EB+WC 9. 5fm}
¢ M>0.4GeV/c?:
some calculations OK

« M<0.4GeV/c?:
not reproduced

Intermediate mass

- | | 11 1 | L1 1 | | | | | | I
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partonic may work
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Summary on dielectrons

* First measurements of dielectron continuum at RHIC

p+p Au+Au

Low mass Low mass

» Excellent agreement with  Enhancement above the
cocktall cocktail expectations:

3.4+£0.2(stat.)
+1.3(syst.)£0.7(model)

» Centrality dependency:
iIncrease faster than N

* p; dependency:
enhancement concentrated
at low p+

Intermediate mass Intermediate mass

« Extract charm and bottom  « Agreement with PYTHIA:

— 0,=544 + 39 (stat) + 142 (sys) + 200 coincidence?
(model) pb

— 0,=3.9 + 2.4 (stat) +3/-2 (sys) pb

part



PHENIX detector future Upgrade

& run plans




Future PHENIX Subsystems

uuuuu

Nose Cone Calorimeter



The PHENIX barrel VT X Detector

* Four-Layer Barrel Detector

* Pixel Sensor (Inner 2 Layers) (50 x 425 pm?) \ _
required for high occupancy Fig

« Strip Sensor  (Outer 2 Layers) (80 x 1000 pm?)
* Good DCA resolution

Opca~ 20 pm é“ -
|'
|

» Large Acceptance
In| < 1.2, 2mtfor @

N In|<{1.2
O . | J’ /

Pixel Layers

f 7?’-5 .Ocm Az==+=10c

=2.5cm Az==10cm] /.

I [ Strip Layer
) ] Z10cm Az==+16cm
el =14cm Az=+19cm

N
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» PHENIX vertex upgrades provide resolution to reconstruct slightly
displaced vertices associated with heavy flavor hadron decays =
study heavy-quark flow & equilibration in “perfect liquid”.

» Improved forward calorimetry enhances y- jet acceptance to study light
gquark E loss and gluon contribution to proton spin



Detector & Luminosity Upgrades = New Physics

Milestones
PHENIX, Au+AuRHICIl. 12 weeks

oa 025
— ———— Coalescense at hadronkzation
_5' Coalescance In madium
- 02| =======- M Coalescs ncs
[ Sy —ere < 0235
& S —p'p (L2« <22
015
PHENIX projections for J/{

elliptic flow
0.1

0.05
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ny p, (GeVic)

=
i
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Nk
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Pt
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i

Measure hadron suppression and flow for identified heavy-quark
mesons, possibly baryons (A, )



Detector & Luminosity Upgrades = New Physics

Milestones
» Calibration of light-quark energy RHIC Il AuAu 20 nb-"
loss via y-tagging > 5 107
g C \‘\‘ Au+Au Away-side y-jet yield, p; = 9-12 GeVic
> De_finitive map of quarkonium E B RHIC Il luminosity
meltlng\ _‘13:10_2__
o c
:E -
¢ i
g 1 T g |
§ :
i 10°
c | - PHENIX
8 0.8 PHENIX Y(]'S) - projections of
% i proj;cti?ns of v 28 [ y-jetyield @
S el AaTOr qq_ RHIC-II L
@ 0.8 states @ ( ) 107
B RHIC-II L - gluen radiation
0.4 — B typical energy loss
L | | —— semi-opaque medium
- _ 10-5 = geometrical suppression|
0.2 __ LIJ J - smoothed geom. supp.
L .\+\1b |: hydrodynamics | | | |
B | e e T T by b b b v i
B0 700 50 200 250 300 350 1 2 3 4 5 6 7 8 9 10

Number of Participants associated hadron p; [GeV/c]
Reference model based on consecutive melting without regeneration

(Note: Thisresultsin small g, X yields, other modelslike regeneration model
will give similar yieldsfor J/g, @', Xc!)



Timeline of PHENIX upgrades

2008 2010 2012 2014

RHIC >

Stochastic cooling “* RHIC [1” >

HBD :>-

Inner pixel layers

VTX

Outer strip layers

FVTX

NCC




Plan to Implement and Test Stochastic Cooling of Heavy

lon Beams at RHIC

Simulated effects of beam cooling for full-

energy Au+Au » Test combined effect of long. &
150 F i - . .
| CRHICAI | socnaic e 12052 transverse stochastic cooling for
Y g, l'hd\ulicmuﬂ'lg'lh'lﬂ' - .
goal > slchon cocing 1 onebeam in 2009 run.

> If results follow detailed simula-

Intensity x 1.5, e- tions, full implementation by 2011.
- cooling

» Simulations = long. + trans.
stochastic cooling + 56 MHz SRF for
both beam goes ~2/3 way (with present
bunch intensity) to RHIC-II projected L
at order of magnitude less cost, ~5

No cooling 1 years quicker than e-cooling.

i Cesaly | i0r- a (=]

full stééﬁééii& il

ol Present intensity,

d 02 | 1.3 ] a2 3 33 4
Lime |Fours)



Strawman 4-Year Run Plan (With Decent Budgets)

Colliding Beam

Comments

Fiscal Year Species/Energy
2009 200 and 500 GeV p+p | Complete longitudinal asymmetry measurements at 200
GeV and develop 500 GeV performance
200 GeV Au+Au Permits test of 1st plane of transverse stochastic cooling
+ additional J/{ v, statistics + ...
2010 500 GeV p+p 1st substantial 500 GeV run allows clear observation of
W production signal
Au+Au at assorted STAR TOF upgrade fully installed; 1st part of energy
low E scan to search for QCD critical point — focus on higher
among scan energies, where luminosity sufficient
2011 200 GeV Au+Au Full implementation of stochastic cooling in place,
PHENIX VTX upgrade complete = long run to reap
benefit for rare probes
200 GeV U+U ? Utilize EBIS for first measurements with highly
deformed nuclei, to increase energy density coverage
2012 500 GeV p+p Long run in anticipation of 2013 DOE performance

milestone on W production, sea antiquark polarization

Au+Au at assorted
low E

Complete energy scan with improved luminosity at very
low E from low-energy e-cooling implementation

Physics prioritieswill deter mine machine upgrade priorities.







SRATIORAL LARDREATORY

A Hadron Blind Detector (HBD)
for PHENIX

« Dalitz & Conversion rejection via opening angle
— ldentify electrons in field free region
— Veto signal electrons with partner

« HBD concept: signalkelectron
— windowless CF4 Cherenkov detector Chernkon >
— 950 cm radiator length artner positron, e
— Csl reflective photocathode needed for rejection
— Triple GEM with pad readout

— Reverse bias (to get rid of
ionization electrons in the radiator gas)

o Status
— installed and taking data in RUN7
— X3 more statistics
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