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PHENIX Approach

® Key physics goals of the cg

Definitively establi- _on £of pg(ad matter
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® PHE)\ _pnilosophy
Sensitivity for rare processes — hadrons, leptons, photons
High rate capability and selective triggers
Precision measurement in multiple channels

high p, hadrons, multi-particle correlations, jets

direct v, y + jet, virtual y production

light & heavy vector mesons, open heavy flavor
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Unprecedented range & precision

p, (GeVic) 10

In p+p

Central Au+Au

| Au+Au, \fs—NN =200 GeV
PHENIX Preliminary

§ directy 0-10% [ n 0-10%

# =° 0-10% (PRL, 101, 232301)

§ (p*P)12 0-5% (PRC, 74, 024904)
$ 00-10% § ©0-20%

§ (K'+K)/2 0-5% (PRC, 74, 024904)
ﬁ] open HF e* 0-20%




Recent scientific accomplishments

First direct photon-jet correlations at RHIC 0903.3399

Reaction plane dependence of high p; n’ suppression 0903.4836
c¢/b separation in p+p collisions: e-h/e"e" 0903.4851, PLB670,313 (‘09)
n’ o and A, in 62.4 GeV polarized p+p PRD79,012003 (2009)
Double helicity asymmetry of nt’ in 200 GeV p—+p 0810.0694

T
First measurement of J/Ap photoproduction at RHIC 0903.2041

from thermal photon emission 0804.4168

Charged kaon HB'T 0903.4863

+ additional papers on correlations and fluctuations in
97; the bulk medium in Au+Au, as well as systematic studies of
‘ elliptic flow measured several different ways

e Bl PHEENIX



Upsilon suppressed in Au+Au!
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Mike Leitch - PHENIX QM09
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Should Y’s be suppressed?

Ruuau(y=0)
Iy 0.425 % 0.025 = 0.072

Y as onium melting baseline...
8.5<M<I15GeV | <0.64at90% C.L.

Y
wi\x\ v '
i 2 3 4 s 6 7 8 y -
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SUPPRESSION

GeV/fm>

¢ 0, of Y ~1/2 of J/W: E772 (PRL 64, 2479
« E772 Y nuclear dependence corr

« CDF: 50% of Y from y, (p>8 GeV/c) & ~25%? at our p;

. PRL84 (2000) 2094
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Medium modification of jet fragmentation

arXiv:0903.3399
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RUN-9 500 GeV: First Look at W

Goal: sea quark polarization from W-boson asymmetry

5 Fast track analysis by
z° W task force

A Typical W-like event

*  Single electron from W decay

10

|
Al
I
-||| Ll 1 ||IJ_L.
=
=)
w

Run: 277567

energy [GeV] Event: 19622186
Magnetic field: 100.0%
h1_ecore_plus
Entries 42228 Selection 1: NONE
F Mean 6.851 Min: 0.0 Max: 0.0
B RMS 2,018 _
E- Underflow 0 <M
= Overflow 0 Selection 2: NONE
— Min: 0.0 Max: 0.0
B Leading Particle info.
= pT~ 38 GeV/c
- e~ 37 GeV
E
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Scientific impact - high & still growing!

e —

@ Since 2001:
77 publications

® > 7400 citations
® Renowned papers!

Citations (cumulative)

3000 [

@® White paper -

707 citations a
® Jet quenching discovery
506 Citations 2000‘ ‘ 20IO1 2002 2003 2004 2005 2006 2007 2008 2009 201
Year
~ S other physics papers with > 300 citations
975{/) 3 papers with > 200 citations
‘Q)\\ 23 total papers with > 100 citations
45 50+ Topcite papers
% Bl PHEENIX



PB scale data set(s) - fully reconstructed!

. Run 2 Au-Au
Raw Data Collected in RHIC Runs ’
m Run 2 p-p
700 g Run 3 d-Au
7 o Run 3
600 Run-9 calibrafi o
un-9 calibrations 5 Run 4 Au-Au 200
PP Pyt
» 500 wreel Wey o Run 4 Au-Au 63
Q
%400 m Run 4 p-p
g 300 ] Imminent g Run 5 Cu-Cu 100
- 200 m Run 5 Cu-Cu 62
100 m Run 5 p-p
0 |_|- ’—t o Run 6 p-p
‘ ‘ - o Run 7 Au-A
BRAHMS PHENIX PHOBOS STAR A
m Run 8 d-A
Experiment ) )
m Run 8 p-p

j@assive international effort using RCF, CC-J, CC-F

‘§ Production team under leadership of Carla Vale,

Alex Linden-Levy, Jeff Mitchell for Run-9,
PHAENIX




PHENIX Detector Status for Run-10

2008 PHENIX Detector
PC3 Central FC3 °
Vet TEC _ | Hadron Blind &
A
Reaction Plane
TOF-W detectors
(PID) &
=
Il
R
® | Muon Piston
Calorimeters
2 e Y
West Beam View East
i
Central Magnet
% Muon Trigger:
v nwTr FEE
Zpc 5o A ” —— North & South
MulD MulD
||| ||| RPC-3 North
Y South Side View North 8 12 Al
> - > PH*ENIX

18.5m= 60 fi



Upgrades schedule — physics capabilities

upgrade |year Physics goal beam/energy
HBD 2009 & | T, thermal e*e, Au+Au at V sy, = 200,
2010 chiral symmetry, 62.4, 39 GeV
only mesons in medium
VTX 2011 ¢, b separation 200 Aut+Au,pt+p,d+Au
mid-y hadrons in 25 500 p+p; lowE Au+Au
FVTX 2012 V’, heavy flavor y>1 200 Aut+Au,pt+p,d+Au
500 GeV p+p
u trigger W asymmetry at 500 GeV p+p
uTr FEE |2009/10 |forward rapidity
RPC 2011/12
DAQTrig |2010-12 | Heavy flavor with 200 GeV Aut+Au
2010 RHIC-II luminosity 200, 500 GeV p+p
FOCAL |2013? 1 spin vy, y-jet; yields p+p, d+Au (AutAu)

13
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Added capabilities drive our proposal

RUN |SPECIES |Vs,, |PHYSICS [ 2 dt EVENTS
(GeV) | WEEKS * recorded | (million)
10 | Aut+Au 200 10 1.4 nb’
Au+Au 62.4 3.5 56.2 ub!' | 350M
Au+Au ~39 1.3 + 8.2 ub' | 50M
0.3 E change
Au+Au 27 4.5 4.1 ub? | 25M
p+p 500 4 (polarization
development)
p+p 22.4 1 2.5B
-1
@% 11| p+p 500 10 50 pb
Au+Au 200 8 1.4 nb’

* estimated with mean of min/max prediction

includes lumi. ramp up & changeover time

14
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Hadron Blind Detector (HBD)

Windowless Cerenkov detector with CF4
avalanche/radiator gas (2 cm pads)

0?55 =Y

signal glectron i
g 4 B
y

: |

partner positriﬁ
needed for
rejection

Removes Dalitz & conversion pairs
small opening angle
( pening angle) s STST




HBD Works (very well)!

Yield

o Rebuilt for Run-9

hadron blind! o Available for use in

Runs 9, 10
o Will be replaced by
VTX after Run-10
7 double e background
S o+ ~40 pe | . .\
T - : (Beliz EonversiE) Clear separation of signal and
. --__ ] 40 photo-electrons background
G ae T Ee e o o iou
ooeetet (?h::t?:s(p-eﬁ:so . -
3 oo g | Mozn 2275 Suppression of background pairs
T Syl Fotii sianal increases effective statistics
B . e SI0 by factor 8-16
it 20pe (separated electrons):
(" N | 40 photo-electrons
cb_ ’ 20 .40 ! -Tf::”’

80 100
Charge (p.e.)

16 "
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HBD impact in Run-10

usbe
lH,Al
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Best Case e-id benefit

A Singles Retention (E)= 80%
B Singles Retention (E)= 85%
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Low mass dielectron physics

dN,./dydm

|||||||||ll||||||||| IIIIIIIII

min. bias Au+Au at 200 GeV
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Dielectron continuum between 17 & 200 GeV

® Excess reaches lower mass at RHIC than at SPS
® Unique opportunity in Run-10!

Background rejection with HBD — measure at lower Vs

minimum bias Au+Au @ \[s,, = 17.2 GeV minimum bias Au+Au @ \[s,,, = 17.2 GeV
qu;.....,.....:.,.....:...i %.10_,5......-..-,...,:..,_..,
5] - +-field configuration ©  hadron cocktail 5| ) - +- field configuration hadran cocktail
“‘5 10-?:r bachground win HED _| “E. m-il background w'o HBD ;
F f background wiHBD 3 2 E I background w/HBD 2
Et,m-:-ﬁz 2 _‘hh“"-——f"’ _\_\_\_‘"—.-n._,_‘_\_\_\-‘- g ng.;il ‘hh-_____.a-—-—h___h‘__q__x :
3 ! P g | ..
210 By 20M events wio HBD ™ £ 104, ..o0M events w HBD . ™
1u'1'é!ll.|".f P : : 1ﬂ.5. é_?_.-_.-'-
10 | s—iH | 104}
E % | T =i 8 E 3
T ¥ [ i Tl .
[ | | 5 10 | | |
10‘6; 3 i | B '; I' 1{]-5; 56 SO i
£ { l N A : b E ! - ]
L Id il iy 81 0 il 15 BTN | NS - Wy 5+ B I N T SR T 9 4 L % AP T NI A T RN 171
W02 0a 08 08 1 1.2 Yo 02 04 06 08 1 j2
M, [GeWVicT] m,, [GeWic

How do dilepton excess and p modification at SPS
' 3 %
evolve into the large low-mass excess at RHIC: PHKENIX




Silicon Vertex (VITX & FVTX)

VX barrel n[<1.2 @ v TX: silicon VerTeX barrel tracker

Fine granularity, low occupancy
SO0umx425um pixels for L1 and L2
R1=2.5¢m and R2=5c¢m

Stripixel detector for .3 and L4
80umx1000um pixel pitch
R3=10cm and R4=14cm

Large acceptance
In|<1.2, almost 25 in ¢ plane

Standalone tracking

® FVTX: Forward silicon VerTeX
tracker

2 endcaps with 4 disks each

pixel pad structure (7Syum x 2.8 to 11.2
mm)

FVTX endcaps
1.2<|n|<2.7

mini strips

20 :
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VTX Progress

Pixel Detector Ladder
= ‘ j “'“‘"w" ‘m‘lii:.k ”‘HI‘W:W | ”"l v “-11 . __.'_”

Pedestal c)

X-stripixels
Proton beam 120 GeV

2 Py
comcnaspe 0 - s
Test Beam at FNAL _

- - a4 >

[\ —
Il N

} [\ R

\\ ¥4

etector Ladder

X




VTX Physics

oo T AT A At T ® Heavy Flavor as probe of
dense partonic matter in A+A

R, A(py) of single electron
from charm decay and beauty
decay separately

v, (pp) of single electron from
charm decay and beauty decay
separately

I:*AA

(@)  0-10% central = == Armesto et al. (l)

[ ] vanHeesetal.(Il)

—— { 3/(2rT) Moore &
........ 12/(2nT) Teaney (Il

1.6

1.4

1.2

s ® Jet tomography (di-hadron, y-
b e e e e e hadron’andc-hadron
s — correlation)
= TV, p, >2GeViec @ Gluon polarization AG(x) in
o Ry, etV polarized p+p

Double spin asymmetry A, |

PHENIX of heavy flavor production
B (charm and beauty, separately)
- CESET A of yejet

U\ r PRL 98, 172301 (2007)

22 8
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VTX Performance

é‘:%_ Expected with VTX (0.4/nb ~3 weeks in RUN11)
J: <M R

% E m1'2:_ } . b—b>e

c f 15 l;;# c—oe

O E L I3 2

o |::: 0.8 |“ ‘\:\

- - C v }-—

o 0.6 Y, {H

C o06f - or

2w il é 045 |
02 P 0.2 I } [
0:H||]|.lllllulu||IH|JIHlllléllhmnllnu 0:|||||||||||||||| ||I||||||||||||L|||||||||||
o 1 2 3 4 5 6 1 8 9 o 1 2 3 4 5 6 7 8 9

priGeti) pr(GeVic)
0l15 ® PHENIX |y| <0.35 N arXiv:

o In single electrons at high p; ¢
b component is not small Lo
:

o VTX can separate b and ¢

(full MC chain with detector
= response & analysis code)

r

— FONLL y=0

........................... | 0903.4851

o
o
T |||||L|,‘II‘IIIIJIIII|I|\||I|\I|I|I||IIII|\

p+p at\/s=200 GeV

AR I T T T T S N S S AN S S S S NN S
6 7
Electron pT(GeVIc)
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FVTX Physics & Schedule

aI Dimuon invariant mass distribtion |
0" -

yield

Withoit Prototype DAQ Electronics
FVTX

® High resolution track points for
muons before hadron absorber

decay_-:-:c\i:\;%;n‘zb‘_

Improve mass resolution
d = h — .
10'} punch + punc H N ® Quarkonium spectroscopy to
2 25 3 3.51 4 45
Invariant Mass (GeV/c)
3o

probe color screening in medium
® Single muons from c,b decays
With

® Background suppression for
FVTX direct photons in FOCAL

Install for Run-12

2 25

Stefan Bathe RHIC/AGS Users’ Meeting 2009
3 35 4 4.5

Invariant Mass (GeV/c)

24
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Muon Trigger Upgrade

O
OO
O

Trigger idea:

Reject low momen-

tum muons R - L
mulD mulD

Cut out-of-time south [

beam background

Upgrade:

o muTr triaager electronics: muTr 1-3 =» send trackinag info to level-1 triaaer
o RPC stations: RPC 1+3 =>» tracking + timing info to level-1 trigger
note: RPC1 has larger acceptance than RPC3 at large radii,

RPC1+ RPC3 give best coverage for timing needed for background rejection. I
N



N MuTrlg Status: ready for Physics in Run-11

o Engineering run %Q\M S¥RPC-3 half octant

for sectors in 2 support strur.ture atutuC

RPC planes on
south arm

o Timing info helped
understand
background in
first 500 GeV run

. time dlffeences 73 -2 QI muons |
MuTr.N operational AT e o3
- 0.9 RMS 4.674
N Run-9 0.8
Good efficiency! o
-
g 1= c o ottt sb e St e R o 0.5
: o.aé— I \,-,'3»;"’*‘3*"'rmimrl PP BT : 0.4 / \
ool From collision or
Eeoh e . From beam
el ey out going beam background
¢|||SIgma| ..... 4245%3256 Y 40 -30 -20 -1(I)I“(I)ll I'm ZU 3V 4u
0 50 100 150 200 250 300 350 ADACOI) TDC Va'ue 106“3/44



FOrward CALorimeter (FOCAL)

® Trigger on x® and y ® W absorber, Si pad readout

® Provide coincidence with 1<n <3, 2 x azimuth
VTX, central arm : 24 X, deep
R 'l @ 3layers pad readout for
A lateral and longitudinal
shower profile
Reject hadronic background

® 4 layers of Si strips within
first X, for y/n’ separation

lIIIlIIlI'

Y

U S l

-— 85 cm | = Geant simu
S . 20 GeV n?




FOCAL R&D ongoing

Test beam to demonstrate
response, benchmark
simulation



Beam Use Proposal

RUN | SPECIES |V s, |PHYSICS |]<dt EVENTS | DRIVER
(GeV) | WEEKS * recorded | (million)

10 | Au+Au 200 10 1.4 nb™" I*I-, y-h
Au+Au 624 |3.5 56.2 ub-' | 350M e Ry ete
Au+Au ~39 |13+ 8.2 ub' | 50M e‘e

0.3 E change 7m0 Ry
Au+Au |27 |45 4.1 ub? |25M V,, 1 Ry,
p+p 500 4 (polariz.
development)
p+p 224 |1 2.5B m® Ry
11| pt+p 500 10 50 pb- W, % A |
k Au+Au  [200 |8 1.4 nb-’ c/b,Jhp v,

* estimated with mean of min/max prediction
includes lumi. ramp up & changeover time
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PHENIX plan delivers new physics each year

® Dielectrons - one-shot opportunity in Run-10!

® Other Run-10 full energy Au+Au goals
Is Y suppressed? How does medium induce gluon radiation?

® Run-10 energy scan - above 20 GeV to allow rare probes

Is heavy quark suppression onset same as light quarks?

How do dilepton excess and p modification at SPS evolve into
the large low-mass excess at RHIC?

Where do liquid properties (v, & jet suppression) set in?
® Run-11 500 GeV p+p
What do W asymmetries tell about sea quark polarization?

® Run-11 200 GeV AutAu - with VTX!

]
7 Do b quarks lose energy? Does J/i flow?

O§‘ )
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Is Y suppressed?

Run-7+Run-10 (with reference from Run-9 p+p)
will allow measurement of R , ,

2 0.024]
= 0.022;
0.025
© 0.018f
B o016F

0.014" ~ expectation from
0.012F

e non-QGP effects

0.008 —) [
0.006 | :
0.004 N

| | P
0.002 \\‘! L
% 02 04 06 08 1 12 14 16 1.8 2
Ry,a, fOF M, = [8.5,11.5] in (GeV/c?)

ba

R LR R R LN AR AL
.'- e
—_‘_.

— maxmum integrated luminosity at 200 GeV,
consistent with goals for lower \'s
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Energy loss mechanism?

v-h “golden channel”

Run-7

_f- T Aehaoaomart  AF 'ZO'W'W Won-05p
Head Region (JA ¢ - 7| < /5 rad) =148, 1.68, 1.88 GeV/fm .

O e PR 5071148, 1185, 188 Geviim

N

z

T Il

= | e

< L ;

7<pT<QGeVIc
b ———

PH ENIX

0

9< p: <12 GeVic
1 1

m 12<p! <15 GeVlec |
0.

0

0.5 1
Z;

0

5 1
Z;

Curves: NLO calculation of

induced radiation

Medium-enhanced gluon splitting
(enhanced soft radiation)

In-medium shower evolution

averaging over expansion

WW, NLO, n = 0.5 P,
=148, 1.68, 1.88 GeV/fm ]

A==y =====m=-= I\Z]:L-AT.E--:}(-};\;----.--
L 4

5<p‘T<7GeVI 7<p:<9GeVIc

T. Renk, b=7.5

Run-7 + Run-10 will
allow to differentiate:
2nd driver for 200 GeV

— MLLA, Elcl =10GeV — MLLA, EIcl =12GeV]

I
I 9<p <12GeVic 1l m 12<p, <15 GeV/c |
0 05 1 0 0

Z; Z;



PHENIX strategy for low energy scan

® Focus first on rare probes that are unique to RHIC
Chiral order parameter — dielectron probes!
Opacity & critical opalescence — R, ,, HBT vs. rxn plane
Identified particle v, & scaling breaking to probe 1/s

® Second step: high o observables
Novel fluctuation & correlation observables utilizing VTX
But diluted by finite size & lifetime, quantum fluctuations...

Will benefit from more thought (theory & experiment) on
quantum criticality study — requirements on data

® Require new TO0/trigger detector for sub-injection energy
- scintillator barrel surrounding VTX

® Higher luminosity due to cooling — reasonable run length
measure MULTIPLE predicted signals of QCD endpoint

® Modest-sized but interested community within PHENIX
~ T

™ \(



Lower Vs: onset of heavy quark energy loss?

Non-photonic (e +e)/2, minimum bias,(cent:0--83.4%) 62.4 GeV AutAu

= present dataPHENIX prelimi|nary
* ISR, Nucl.Pys.B113(1976)189
error of Tyg " ISR, Phys.Lett.112B(1982)260
*ISR, Nuo.Cim.65A(1981)421
' All ISR are scaled with
<N_,,>=256.6

Tas=6.94 [mb™']
) centrality:0--83.4%

'Hé

r
.

0 0.5 1 1.5 2 2.5 3 35 4 45 5

Py [GeVic]

Heavy flavor does not appear to be suppressed!

Theoretical guidance: Absent!! ‘ PHKENIX




Answer in Run-10!

| HF (e*+e‘)/2 in min bias Au+Au collisions at 62.4 GeV | | HF (e’+e')/2 in min bias Au+Au collisions at 62.4 GeV |
& . _a
> 40 _E « PHENIX preliminary data ‘g 10 E « PHENIX expected data
9 S ISR, Nucl.Pys.B113(1976)189 & = ISR, Nucl.Pys.B113(1976)189
S ek ISR, Phys.Lett.112B(1982)260 | " [ ISR, Phys.Lett.112B(1982)260
zZl3  E ISR, Nuo.Cim.65A(1981)421 zlg E ISR, Nuo.Cim.65A(1981)421
ClE 0L } Al ISR are scaled with °I8 ook ’ All ISR are scaled with
Jom U E i <N__>=256.6 o VE <N__>=256.6
Sl ¢ T,o26.94 [mb™] T F L ach o
10 s ABTO" N0 LA T,5=6.94 [mb™']
10'5;5 ' 4 3 . 10° vl "
10° ,;_ 10° ]
5 T I
107 E expected uncertainties of R, of HF (e*+e)/2 at 62.4 GeV e
= g 2 ]
N IR . [ 4 C . | IFETEEIN ETR AT SURTATET SATETET OO SRS BRI B
%% o5 1.8 E 1 15 2 25 3 35 4 45 5
1.6 < P; [GeVic]
145 E Need 350M events
12 =
08 *-- ED Non-photonic e*
0.6 T~ e-_l_. . = AA
= 3 0
0.2 =
P S T I U BT I DN R P P
0 05 1 15 2 25 3 35 45 5
P, [GeVic] 35
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Also dielectrons at 62.4 GeV

SN ONAN NN N SN NN SR PO TSR TON MUl e SO 2 W ST U0 e PR
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
m,, [GeV/c?]

N
o

- S 10°E min. bias Au+Au at S, = 200 GeV =
— Z NN E
90— N | lDA;)I'l:\as > yee JY > ee -
— . . w 10° yi=<0. -m=im > yEE ' ee —
80— Best Case Dashed, No eid solid bt pr>02GeVic __ v ,.ee  ===- T ee (PYTHIA) 3
— : 3 p-—ree  en cC — ee (random correlation)
-  —— <pe>=25; e =0.81 2 10 0> ee & ee =
70 T seoeeanee arX1v:0706.3034 -
- =—<pe>=20;e=0.77 z -
5 60 = AR -
0 — — <pe>=14; € = 0.65 ) =
— -~ o =
o 50— ~” o E
Q= — - I (S 7 N N IO .
() — £ 406 -

(73] — 5 10 =
40 -~ Z ]

30 - S 107 R e,

10

TERRA INCOGNITA!

05 1 15 2 25 3
350M events with HBD
3-5 x better than Run-4

w/o “credit” for lower
multiplicity
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Observables below V s = 62.4 GeV

(Lwt)'y upel JHH URIssNeL) PE TORY

) o = O 0 N
admos nold Jo aSew pg (ub o0 0 = = 0
. . o I T o oo L v [t I e |
80IN08 WOvY Jo agewl p|
I = o o ==
SUOIIIale MOABH AARD R i T Bt Bt
& B 1272z 722E
~ Ayoedo peorydo
. . =0 =0 = = = o
i i i ' _H......u_ 5
Viay 10300] UOT3RIIpOU IRa[onu SRR
—
SUOTJE][a 1100 TOIPRIIP yo ﬁ m = o[
_ P A el om0 2
(/v o smomEnlon
= . .
S mDDDDDD
nm /v:..._ T T T B T A LT
wIoads nug
(Luw )y 1genpedfed jdecieaul RgH
‘L) iy suord 10 el IRISENE
(fw)ty suoid xoyper Ty wessnen pe\
i R s T e
0 jusnodxe Aao
sornos uold jo Surdewn (J1
e yuauodxa [esr3L A
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SUGIIR[a1100 A} BUSp [BUIPn}IEuo]
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_ cafen en oo oo
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u) wsuonEMIDMJ S = =2 = = =
. _ _ oo oo o
e —
e
Pl M :..._.h.r.”u_ﬂ =]
ANSM s e 2 = 53

PHAXENIX

37



Excitation function of R, ,

| Events nesedsd for given stat. precisien light quark RAA

= 06 @ A6 Gawe, 17 ey
X — & Ak GaWe, 22 GV
# ® 35 GeWo, 27 GV
5 05— @ 26 GeWeo, 33 GV
E - 1 BEGeWa 17 GeV
S L B GaWa 22 GV
L] - B GaWo 27 GeV
w04 7 5GeWa 38 GeV
o3l ® . @ .

= g
P
AN REREEREE

0.f- = -.T_T .
[ 1 IIIIIII 1 1 IIIIIII 1 1 I_IIIII 1 11 1 1111
’ 10

i
Million events

Expect 10%

systematic uncertainty

Can measure up to

5 GeV/e pyat 39 GeV
3.5GeV/eprat 27 GeV
with 10% o statistical

Are jets suppressed at N's =39 and 27 GeV?
Unsuppressed at 22.4 (modulo Cronin effect errors)
at 200 GeV we see QGP, 22.4 GeV not

Search for a clear (deconfinement) transition
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25 Million events at 27 GeV (4.5 weeks)

0.35
0.30 |
0.25
0.20
0.15
0.10
0.05

0.00 Lo

0.25 0.25
Au+Au  (fsn =27 GeV - Centrality 10-40% 10 Centrality 10-40% 1
. e 02<pT<10GeVic 1 ol " * P -
i B 10<pT<20GeVic ] I % ]
¢ 20<pT<40GeV/c i } ]
0.15 - 40.15
g 1os : t ] &
} § > i E 1 >
B ] 0.10 | 5 40.10
§ [ i § 4
¥ ] A ’ ,
C = . ® : 005 m : -0.05
— — .- §
o o 3 T S
i ® . = ] p; (GeVic) pr (GeV/c)
0 L1C|)0l B I2C|)0I B I3C|)0I B I400
p; (GeV/c)
v, magnitude & location of break
in constituent quark scaling
—> 1/s and post-hadronization viscosity 39
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p+p development in Run-10

® The problem:
Polarization < 60 not 65%
Anticipate | £ =15 not 25 pb!
FOM lower than expected
0.72x 0.6 =0.43

® We have learned so far:
AG(x 0.02) small!
— diminishing returns!
@ The solution: 500 GeV
Higher luminosity &
access lower x
Look at sea quarks
Desperately needs
polarization development!
35% polarization in Run-9

e

I ' T
\ ——-PHENIX | 15
\ STAR | 1 A
\ SIDIS | ] A%
\ - bIs 10 Run-6
\\\ .
/4 35 status
NP S
| | |
0.2 0 0.2
Agl [O 7]
| ."' | |
. 15
) f Ays
' [
1% ". 110
|\ ': -/ Run-9
L) =
‘ :."4/- - . L.
(RS2 - Projection
.'v\%’_l" n O
| . | | 4 ]
-0.2 0 0.2
1, [005-02
aght : )

PHXENIX



p+p run at 22.4 GeV

PRL101, 162301 (2008)

® Uncertainty in p+p

reference dominates 22.4

GeV o

syst

® Need 2.5B events recorded 1

E - Vitevy s,
tc ~ o energy lgs -I‘-,'Em—ﬂ-liﬁe'.l'

- \..‘ 5 =624 GeV

- \..‘ 5 = 200 GeV

[ | vueu, 22.4 GeV, 130 < dNdy < 185
[ Witew, 62.4 GeV, 175 = di/dy = 255
[ witev, 200 GeV, 255 « di%dy = 370 |
Cu+Cu, 0-10% most central

1 week run w/changeover 5! * 7re8ee) R SNNE S B
Arleo & d’Enterria, o _ | . :
. 0 5 1 15
Phys.Rev.D78:094004,2008 p, (GeVrc)
g 3O ‘ pp — 7 X (rescaled to\s = 22.4 GeV)
8 L ® s = 21.7 GeV - EHS-NA22 [adam us88]
gz.s :— 7°,\s = 21.7 GeV - FNAL E-063 [carey76]
-‘% E ‘ 7°,\Js = 22.8 GeV - FNAL E-063 [carey76] Measure p_l.p reference at
- 2 — ‘ | ® nt\s= 2: zez - 2rit.-:can:.ia:per;:; v
L= ® nt\s= eV - Brit.-Scand.[alper
i |I ] | ‘ ® 1°\/s = 23 GeV - CERN-WA70 [bonesi89] same S an d ap ar atus
1.5 C I ] . || \r” | i ® 7°%\/s = 23 GeV - FNAL E-063 [carey76] o
340 ll L Il!“**j f |JI‘!“‘I gk 70,\S = 23.3 GeV - R-107 [lloydowen80] Reduce uncertalnt:)ffor
1 ' I T 1 |u & ] I“ o i||| 7% \/s = 23.5 GeV - CCRS [busser76] o °
= p I »‘b (it ® (3= 228 GoV - ACHH [oggorts] interpolation between
0.5— % % ‘%% l ® 7°\s = 23.8 GeV - FNAL E-063 [carey76]
- + ® n°\/s = 23.8 GeV - CERN-NA24 [demarz87] 22. 4 & 62. 4 Ge V
o . N ® °\/s = 23.8 GeV - FNAL-E-268 [donalds78]
! p (Gewc1)0 41 N3
T PHKENIX



500 GeV p+p in Run-11

@ first data on the parity-violating asymmetry 4, in the
observation of leptons from W production

u & d'q & q polarization; complementary to SI DIS

Central A e* Central A e
I* + - o 2
A, (W= = [*v) oaf 70% pol < | =
I 06 —
o—--q—{»— ----- g - }-(% ----------- S —— GRSV val
i L ® PHENIX 300 pb*
L 0.4 O _PHENIX 70 pb”
0.2 [ | - | I
' | L T
04 —— DS max : I I
_ e A f{* """ {’%‘
0.6 — DSSV 1 |—,7
B —— GRSV val B
- ® PHENIX 300 pb* 02 !
-on-llllllllllllllllll O MEle 70 L1 -lllIlllllIIlIIIlIIIIIIIIIIIIIIIIIIIIIII
‘20 25 30 35 40 45 50 55 60 20 25 30 35 40 45 S0 55 s
Both u & e final state Central A, e* Central A, &
— _ia
L [ - [ —rrp—
) Backward A, u* Backward A |- oar 60 % pOl, 3 00 pb 1 < C T
< <o = ! *r —
Y IO S 1 [ — owsen '"'__""E-' """" o B Shbmbbbt [ —— cosiwl
! T T [ ol o B O HEME noopy, spal
02k [ =02 I
i — 0.2 - —I
= i 0s !
F - i\ = —T T
[ = : - — choovaM
0.6/ - B —— IMEmin
. ? R:::I:onpn'&wpm. '0-2-" -[Lﬂ'_ =L
i [ B —— cogival
o i (10001 1 1 O MENE s pirioamd 1 1 1 1 1 1 1
|||||||||||||||||r|||||r||||||||||||||| T I ETWE FNTE TN FEET - L1l L1 L1 L1l | [ e | A N N U O I I I
20 25 30 35 40 45 50 55 60 04025 30 35 40 45 50 55 60 n‘% 23 2 I 4 45 50 &5 [ 1] 20 25 33 3™ 4 45 50 55 6D

p, [GeV] p, [GeV] p, [GeV] p, [GeV]



Drivers for 200 GeV Au+Au in Run-11

® VTX opens new physics by separating c¢,b !
Commission with p+p (run p+p first!)
Au+Au vs. U+U: higher £ — rate into £10 cm

® Ability to combine Run-11 with Run-10 for JAp v,

- 0.4— PHENIX 2010 PROJECTION - based on 2X run7 luminosity
AutAu — J/y 20<centrality<60% Run- 7+1 0+11 Will tell:
0.2—\Sny =200 GeV’ cC coalescence or not?

—@— <035
—— 2<p<22
-0, 2 _ ——————  Coalescence at freeze-out (Grecco, Ko, Rapp) PLB595,202
—————  Coalescence in transport model (Ravagli, Rapp) PLB655,126
———————  Coalescence in fireball (Yan, Zuang, Xu) PRL97,232301
————  Coalescence + initial mix (Zhao, Rapp)

04— 0000 e Initialy produced J/\y (Yan, Zuang, Xu) PRL97,232301

0 1 2 3 I
P, [GeV/e]
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Beam Use Proposal (in priority order)

RUN |SPECIES |Vs,, |PHYSICS [ 2 dt EVENTS
(GeV) | WEEKS * recorded | (million)
10 | Aut+Au 200 10 1.4 nb’
Au+Au 62.4 3.5 56.2 ub!' | 350M
Au+Au ~39 1.3 + 8.2 ub' | 50M
0.3 E change
Au+Au 27 4.5 4.1 ub? | 25M
p+p 500 4 (polarization
development)
p+p 22.4 1 2.5B
-1
@% 11| p+p 500 10 50 pb
Au+Au 200 8 1.4 nb’

* estimated with mean of min/max prediction
includes lumi. ramp up & changeover time
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Utilizing increased luminosity

® Now: « Future:
Bef‘"‘(‘; R““'Z s 2MHz p+p@200GeV
record every Au+Au
mbias event 40kHz Au+Au
In Run-7: 80% of 7 kHz Event size *1.7 with Si
In p+p, Lvll triggers detectors
reduce 200-400 kHz
rate to 6kHz of useful . .
events * Previous trigger
2> PHENIX is able to strategy insufficient

o :
97?’5 effectively sample full

g

luminosity for all rare

channels
45
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DAQ/Trigger Upgrade Plan

Replace EMCAL FEE trigger Need by 2012
match/rejection (e*)

Develop Upgrade Local Level 1 | Ready in 2011
trigger (multiple z vx)
Faster DCM-II Ready in 2010
Upgrade EVB switch Need by 2011
(10 Gb/s) & machines
De-multiplex FEE

Purchase Real Time Trigger
Analysis Farm

Construct TO/trigger barrel Need by 2013

46
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Detector issues with high luminosity?

® PHENIX detectors are primarily fast detectors
High rate anticipated in original design

® Wire chamber aging at more rapid rate
Beginning evaluation of options

® Change in calibration strategies, particularly for DC
Completed & implemented
Use hits from reconstructed tracks to calibrate drift time

attern recognition and efficiency under study

47
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Rate Effects on Luminosity Monitoring

® Run3-6:

Primary luminosity detector: BBC
ZDC: check systematic uncertainties

® Run9 and beyond:

Multiple collisions increase with
luminosity, and can affect the
accuracy of the relative luminosity
measurement.

® Both the BBC and ZDC
triggers cannot distinguish
multiple collisions

® RHIC-wide monitor in study

uf | | Ry |
B

South
MulD
I‘LlJ | T I RxNP I

9¢ =W 601

<

<

ZDC
MulD

el 48

Kieran Boyle, lumi monitor task force

In Run9, added bunch by bunch
luminosity monitors:

Single sided ZDC triggers

e Multi. coll. affect luminosity in simpler
(Poissonian) way than coincidence
detector

Number of charged tracks in
central arms

e Correctly count multiple coll.

e Extracted from 500 kHz, of minimum
bias data

BBC multiplicity

Recorded in scalers

From Run-11: VTX determines
multiple collisions

PHAXENIX



@ backup slides
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The problem

TN e
2 80%
o
z  60%
T 40%
3 20%

0% —

0 20 40 60 80 100

Total ion enerey |GeVinucleon] Each beam!

Collision rates drop to Hz level (lower beam stiffness)

No storage RF below \ s~ 40 GeV: beams fill time bucket
o ~ 150 cm

vertex

-
/}'

Oé )
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L AuAu MB x10¢

* Aufu 0-20% x102
o
= ApAu 20-40% x10

“ PP

- - —
e 9 o
s P Lu

Ed’N/dp’(GeV?%c?) or Ed’s/dp® (m
=]
=

v ) % SI“““*I_ - 'Ih

PHENIX Measurement of Early
Collision Temperature via photon
spectrum

enhancement vis-a-vis p+p.

exponential fit to p, slope =

Ty =221+ 23 + 18 MeV

10° hydrodynamics models = T, ;> 300 MeV
10°
= N
10_7|||||||||||||||||||||||||||||'FT 800 . T . T . T . T . T . T
1 2 3 4 5 6 7 L
pT (GeVic) 700 PHENIX ’ D. d’Enteria -
S. Rasanen
B D.K. Srivastava | 7
Low-mass di-electrons 600 sieee 11 Tnie>> To
i J. Alam ] — —
=> nearly real photons Q 500 - )
C 400 ° 4
e’ Z 300} -
q e- = 2007 T =221 MeV =
100 -
0 L | 1 | L | L | L | L | L
0 0.1 0.2 0.3 0.4 0.5 0.6
g q Tau (fm/c) PHKENIX



Large low mass dilepton excess at low p

T 7 L T T T T L LA B B I B B T LA B B B B | T LA B B B B T 7

.0 O o0 -+

S REEY " ﬁ—w

g>'5 107" 3
N: 0.0 GeVic < p <80 GeVic PHENIX Preliminary 0.0 GeVic < p_<0.7 GeVic 3
s 0 min. bias Au+Au (Rund) o 0 min. bias Au+Au (Rund) ]
£, # p+p (Run5) s # p+p (Run5)
g 10 — Cocktail p+p £ — Cocktail p+p i
© both normalized to m_, < 100 MeV/c? 4 both normalized to m,, < 100 MeVic> 3
= i
@ N -1
g ATy < -
g 0 g —0— . E

-
(=]
e o
T IIIIIII| I IIIIIII| T IIIII|T| T TTTTI R WETTH

4
10 . & 4
-] AR e
(] " 1
- * 4 s
0<p;<8GeVic 0<p;<0.7 GeVic =
Pr p; < 0. =
10—6 | l | I 1l l 1l | 1l | l | l 1 l I ] 1l ] I ] 1 1l ] 1l | l ] l | l | ] I ] 1 ] I | 1 1 | 1 ] 1
; T T T I T T T | T T T I T T T I T T T I T T T T T T | T T T I T T T I T T T I T T T | T T T
& 10"
5 | PHENIX Preliminary 0.7 GeVic < p, < 1.5 GeVic PHENIX Preliminary 1.5 GeVic <p, <8.0 GeVic
~ [0 min. bias Au+Au (Run4) [ min. bias Au+Au (Run4d)
£, ® p+p (Run5) ® p+p (Run5)
g 10 — Cocktail p+p = — Cocktail p+p
] both normalized to m,, < 100 MeV/c? both normalized to m_, < 100 MeV/c?
3
£
= 10°

Ly

- |
- Vie 7

L _;—1'5|<pT$8G|V/c e =
1 1 0.2 0.4 0.6 0.8 1 1.2
m,, (GeV/c?) m,, (GeV/c?)

-
C) ol
£
7
I IIIIllll 1 llII||.|.| 1 IIIllll] 1 ll]IIIIl 1 IIIlllII llll

0.7<p;<1.5GeVic
Low p; shape of the excess seems incompatible with a
constant virtual photon emission rate...

Large enhancement of EM correlator at low mass, low p;?
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Lepton pair emission <= EM correlator

Emission rate of dilepton per volume e.g. Rapp, Wambach Adv.Nucl.Phys 25 (2000)

y*%ee EM correlator Boltzmann factor
decay Medium property temperature

Medium modification of meson
— Chiral restoration

ImIT? (M) = |

e

dq annihilation

Thermal radiation from
partonic phase (QGP)
emission rate of dilepton, the medium effect on the EM correlator as well as
teppperature of the medium can be decoded. 53

Yasuyuki Akiba - PHENIX QM09 PHXENIX




Relation of dileptons and virtual photons

Emission rate of dilepton per volume
dRy a? L(M)

Yasuyuki Akiba - PHENIX QM09

Imlle  {(M.q T) 5 G T)

d4q - _37;3 M?2 enm, 1
Emission rate of (virtual) photon per volume
d R« | o |
4 13 - 9 em u( M.q;T)f7(qo.1).
a-q 2

Relation between them Prob. y*>1*I-

This relation holds for the

q0

dM2d3q 7 2 d%q

d Ry lLdR /[«

yield after space-time
integral

Virtual photon emission rate can be determined from dilepton emission rate

;’5

“‘QM

dn- - - 371']\[2 dny

d3q o Y Bqd M2

_ 37 M x dNee/dM gives
20x Virtual photon yield

20, n, * 2 n (real) so real photon emission rate can also be detgsmi .
Area) PHAENIX

qo



Theory prediction of dilepton emission

Nee a1 y=0, pt=1.025 GeV/c
p,dp,dMdy
107E
= Vacuum EM correlator
N Hadronic Many Body theory
10‘33*;— Dropping Mass Scenario
i g+q annihilation (HTL improved)
) :,L (q+g=>qg+y=>qgee not shown)
10*E

[ TT]

T IIIIIIII T IIIIIIII T

Theory calculation by Ralf Rapp

Usually the dilepton emission is
measured and compared as
dN/dptdM

The mass spectrum at low pT is
distorted by the virtual photon->
ee decay factor 1/M, which
causes a steep rise near M=0

dqg annihilation contribution is
negligible in the low mass
region due to the m**2 factor of

== the EM correlator

lllIlllllllllllllllllllllllll

0.2 04 06 0.8 1 1.2 1.4
mass (GeV)

In the calculation, partonic
photon emission process
g+g—>g+y—=>qg+e*e not included
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Virtual photon emission rate

AN dN .
M x € o L — at y=0, pt=1.025 GeV/c _
p,dp,dMdy  p.dp,dy y=5. P The same calculation, but
10 shown as the virtual photon
Vaccuum EM correlator emission rate.
-3 .
10 Hadroplc Many Body theory The steep raise at M=0 is
Dropping Mass Scenario :
U : gone, and the virtual photon
g+q annihilaiton (HTL improved) emission rate is more

(g+g—->q+y—>qee not shown)

directly related to the
underlying EM correlator.

N
o
&
f IIIIIIII I llllllll T IIIIIIII T T TTTT

When extrapolated to M=0,
the real photon emission
rate is determined.

g+g->q+y* is not shown; it is
similar size as HMBT at this
pT

I IIIIIIII T T II'IIII

lllllllllllllllllllllll

-8
0% 02 04 06 08 1 12 1.4
mass (GeV)
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Excess*M (A.U). ti°

S
(=24

Excess of virtual photons

T I T T T ] L T T I T T T I T T T I T T T

PHENIX Preliminary 1.5 GeVic <p <8.0 GeVic
. [0 min. bias Au+Au (Run4)
v ® p+p (Runs)

PHUENIX B
/ both normalized to m__ < 100 MeVi/c®

"

15<pr<8 Govre 4 |
.]_1110.1211[0.141110.161110.181ll%l l1.2

\ m,, (GeV/c?)

N

l 1.5<pT<2.0 GeVic

o

e
o

o

_AIIIIIIH—l—i—t—hIIIIII|IIII|IIII
B —0 H—
B H——
——
——
T
——
——
L
L
—
———

1 [ faa | 1 1 1 1 [ F | Ll 1 1 L1 1 1 1 | - 1 1 1 1 1 I 1 1 1
0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
M. (GeVic?)

(

Excess of electron pairs over the cocktail
~ constant with mass at high p-.

Excess converted to virtual photon yield
dividing by 1/M shape from the virtual
photon decay.

The distribution is ~flat over half GeV/c?

Extrapolation to M=0 should give the real
photon emission rate.

No indication of strong modification of EM
correlator at high p; !

presumably the virtual photon emission is
dominated by processes
e.g. m+tp2>n+y* or q+g>q+y”
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Onset of RHIC’s pertect liquid

- | CutCu )
iy, 724 G, ‘oo ; / Emergence of opacity
.x"s::;zl:ri:lﬂe'l.l' ]

I vitev, 22.4 GeV, 130 = dN*dy < 185
[ vitew, 62.4 GeW, 175 < diN/dy = 255

GusCu, 0-10% most contral Approach to constant v,
and hydrodynamic limit?

2312 0L JUS SR S Au+Au
_— Ll L . Il PHENX pt (GeVic)
% 5 10 15 020 - @ sman 1}5 (open) 7
P; (GeV/c) @ CERES 0.65 (closed)
_ 0.15 - A Esos |
PHENIX, arXiv:0801.4555 [nucl-ex] . Centrality = 13 - 26 (%) 0 @ O
0.10 i
S O
Somewhere between 005 L . m gt |
‘;751"5 22.4 and 62.4!
\\ Where? PrOpertieS? 0.00 freceecsees .ﬁ ......................................................... o
cﬂé (temperature, etc.) 005
1 10 100
S (GeV)



PHENIX data sets

Run Year Species . /syy (GeV) JLdt Np, pt+p Equivalent Data Size
01 2000 Au+Au 130 1 pb™t 10M 0.04 pb" 3 TB
02  2001/2002 Au+Au 200 24 pb~'  170M 1.0 pb! 10 TB
p+p 200 0.15 pb~! 3.7G 0.15 pbh~! 20 TB

03 2002/2003 d+Au 200 2.74 nh™1  55G 1.1 pb! 46 TB
p+p 200 35 pb™'  B.6G 0.35 pb~! 35 TB

04 2004/2004 Au+tAu 200 241 pwb™'  1.5G 10.0 pbh! 270 TB
Au+Au 62.4 9 pb~'  58M 0.36 ph! 10 TB

05 2004/2005 Cu+Cu 200 3 nb! 860G 11.9 pb! 173 TB
Cu+Cu 62.4 0.19 sh™  04G 0.8 pb! 48 TB

Cu+Cu 22.5 2.7 pb-1 oM 0.01 ph~! 1 TB

p+p 200 3.8 pb! 850G 38 pb! 262 TB

06 2006 p+p 200 10.7 pb™! 230G 10.7 pb! 310 TB
p+p 62.4 0.1 pb~! 283G 0.1 pb~! 25 TB

07 2007 Au+Au 200 0.813 nb~! 5.1G 33.7 pb! 650 TB
08 2008 d+Au 200 80 nh™' 160G 32.1 pb! 437 TB
p+p 200 52 pb™! 115G 5.2 pb! 118 TB

09 2009 p+p 500 = 10 pb™' 308G ~10 ph! 223 TB
p+p 200 ongoing =220 TB




AG at lower x using 500 GeV

In 10-weeks at 500 GeV
PHENIX can extend its x-

range significantly and de Florian, Sassot,

check gluon spin “wisdom” Stratmann, Vogelsang
PRL 101, 072001(2008)

-
< | PHENIX: pp — n+X

@ 500 GeV: 50 pb™' 60%
0.01—m 200 GeV: 25 pb™' 60%

NN

0.005

/ GRS V-std

ALL

- PHENIX: pp — n%+X

0.01—

- \s=500 GeV: 50 pb™ 60%

Can be done in Run 11, if ;—/,';Ag'""' o ‘é’,\- 03
polarization of 250 GeV | 28\ 1,
beams is improved in Run ¢ /_/./_'_/_':_'_—:'\,\‘\\ 1
10 machine development o & 1"
0
Explore also m,h*,yn, .
heavy flavor for additional |- - crsv max g 1
Ag(Xx) shape constraints [ - ORSVminAg - J.)
2 1

99"5/’; 10 107
/’k > Ag(x) small in current RHIC range
“\g > Best fit has a node at x~0.1

> Low-x less constrained

- DSSV

0.005—

5 20

pT (GeVic)



Run-11 W measurement

Backward A, u* Backward A, W
<_D.2 <_1
[ E — DNS max
i 0.6 N e GRSV std
g @y G e i o- i e DNS min

i i —— DSSV
[ 0.4 s GRSV val
B B (O PHENIX 50 pb”, 60 pol.

-0.2[ -
- E—

I 0.2~ I

i | i

-0.4 - | = DNS max i
5 = GRSV std | e = T o e ) i Da
- === DNS min =

-0.6[~ —— DSSV B
B s GRSV val B
i O PHENIX 50 pb™, 60 pol. -0.2_—

-0.8— -
gl e 1o | por ol ey T o' Upsppepl gy 0 T T e wwrwrmn ErErEr werrw;

20 25 30 35 40 45 50 55 60 "50 25 30 35 40 45 50 55 60
p, [GeV] p, [GeV]
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as presented at BNL

RPC InStallatiOn Schedule review of muTr and RPCs

Shutdown muTr-trigger RPC Absorber S
electronics -
@)
2008 north: 1+2+3 south: south: o
2 half octants  octant prototype &
south: 2 octants \.‘E/
2009 south: 1+2+3 north: RPC3
2010 south: RPC3 absorber
----------- north + south ready for first W-physics----------------
2011 RPC1 Improved rejection of beam backgrpunds
for highest Tumi. B
Before the arrival of the forward vertex Thickness and schedule for the absorber
~ detector (FVTX) in 2011 an absorber will be decided based on results from run
may be necessary to suppress off-line 9 absorber tests: one octant in the south
Backgrounds (based on detailed MC- was equiped with a prototype absorber.
study of off-line backgrounds). 62
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Where is the critical end point?

T Gev M.A. Stephanov, PoS(LAT2006)024

2 massless quarks

..., ricritical point

- .H""\-\.
0.1- Lamice “
Models \
1‘-.| quark
nuclear| matter
Mareer phu:‘:};
: 200 .
L | wg, Ge Eo'1 J— -
T o L. TED: ]||3!i_*. e
MeV 179 -« gLRD
1 50 HII; e} )
Range accessible with RHIC with )
0 ° ° 5 *
substantial luminosity (above T
L0l * .
= . * ® INIL06
\/ SNN 22 GeV \ (1]:;4 LSy CIToz
NILOL xir}.H%
m 20 F

SNJLOS  MILESa

]
] R 4 &0 B | D0y | 20 (B L L&D
jip, MeV




Predicted observables of interest

® Perfect liquid onset:

Emergence of opacity (heavy quarks too?)
Departure of v, from hydrodynamic prediction
Di-electrons for hadron modification, temperature

® Critical endpoint:
v, centrality dependence, p vs.
Fluctuations in N ,, baryon number

(to find susceptibility divergence)
K/n, p/7 ratios and their fluctuations

5'% prfluctuations

é‘){} NB: need p+p reference data!!

/

\

were investigated
At CERN SPS

M PHEENIX



Open charm flows!

Elliptic flow of non-photonic electrons

SN 02T T T T T T T T
s . o A
£ o.s.PH ENIX PRELIMINARY ¢ Run-4 E
"g E minimum-bias + Run-7 E
é 0.1:— B , l , _:
> - i ) ]
3 - B,/%:@M -
T o.05} El/./"‘ ! L ]
- |- : B ]

B @ .

o ==t h .

- Is} | |

-0.05 [ _ .

: Rapp & van Hees, .

ettt .PRC.71, 034907.(2005)
. 3 35 4 45 5

2 2.5

(=]
o
o
0
-
-
O

P, [GeVic]

®Do b’s flow too, or just charm? ANS: VIX in Run-11
®Does thermalized charm contribute to JAp?
i.e. does JA flow too? ANS: Run-9 + Run-7!
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Run-9 200 GeV/A Au+Au projection

assume efficiency factor 0.33, as in Run-8 d+Au

9
2 ;-:\u-.:\u luminosity pmje(tions 100 GeV/nucleon | L_
_ . P
= 1.4/nb rec.
é ’ | 1.75 * Run7
E 4 - T - - ----~-=-° C T T N B
- S O -xx\ﬁx =| 1.2 /nb rec.
s 3 » | \\\\\\\\\\\\\\\\\\\
; B \\\\\ ...... —
g L1 1 \\\\\\\\}\\
0 s & | | Run-4
3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 | 9-25/nbrec
‘ Weeks in physics production
8 8 weeks — 1-1.2 times Run-7; 10 weeks — 1.75 x Run-7
PHXENIX



NSAC performance measures

* RHIC program of sufficient breadth that it encompasses two broad
categories in the NSAC Performance Measures :

O Physics of High Density and Hot Hadronic Matter:
005 Measure JI production in AutAu at "u's“ =200 GeV.
d‘ﬁl]ﬂlﬁ Measure flow and spectra of multiply-strange baryons im Aut+Au at ":‘s“,,, = 200 GeV.

ﬁl]ﬂ'? Measure high transverse momentum jet systematics vs. 'IJ'EHH up to 200 GeV
and vs. system size up to AutAu.

2009 Perform realistic three-dimensional numencal simulations to descnbe
the medium and the condibions required by the collective flow measured at RHIC

J’El]ﬂ] Measure the energy and system size dependence of J) production
over the range of ions and energies available at RHIC.

/2010 Measure e*e” production in the mass range 500 <m oie- 5 1000 MeVic?
in Vs,,,= 200 GeV collisions.

2010 Complete realistic calculations of jet production m a high density medmum
for companson with experiment.

iﬁlﬁ 2 Determine gluon densibies at low x i cold nuclei via ptAu or d+Au collisions
O Hadronic Physics
ﬁﬂﬂ'ﬂ Make measurements of spin carmed by the glue in the proton with

polarized proton-proton collisions at center of mass energy {s = 200 GeV.
‘EIH 3 Measure flavoradentrhed q and g contributions to the spin of the proton

via the longitudinal-spin asymmetry of W production.




Direct photons — suppressed or not?

Au+Au\[s = 200GeV, 0-10% Au+Au sy, = 200GeV, 0-10% (10x. Stat.)
< 181 . < 181
(14 C | [+4 C
1 .6 — E 1'6 -
1.4 PHENIX Prellmlnaw 14f
1.2F 1.2 ian = 0.6 (fixed) v

1 1
0.8F 0.8
0.6F 0.6
0.4 ol 0.4F
: -= dir. photon ! : -= 10x stat. dir. photon
0.2 ; 0.2—
0 : 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 0 : 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
pT(GeVi/c) pT(GeVic)

Current result w/ 10x Run4 Stats.
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Inmprove p; range & errors

" Ry, Current data

current

g 0-10% Centrality
1 AutAuy s, =200GeV :
E FHEMWIX PRELIMIMNARY :
Z #*ﬁ,wﬁﬁf f ‘ 5
' — H H
g B T T T LT
nT (Gavie)
n' R, with 4x statistics
’ Run-7 alone
w® 0-10% Centrality
1 A A s, =200GeV :
: R
C - Ray= 0.2 (fixed)
—iﬁ! $ { 5
= Mﬁii i { :i . 2
' — *} 1} E
i 7 T ETE T I
pT (Gavic)
—~—

2
©

Run-7+9
® R,, with 10x statistics|
0-10% Centrality
Au+Auys,,=200GeV

i’!'!:!ﬁ’ei ]

10"

¢

Sois *

% 1

}

Rpa= 0.2 (fixed)

i

T

10

o
w

15
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20

30
pT (GeVic)
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PHENIX is, and will remain, strong

400
350 -
300 -
2501 mP
Authors 200 - OF
150 1R
100 AUAUNNN =o
AR AT oo

1 3 5 7 9 11

Run
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Virtual Photon Measurement

0 Any source of real y can emit y~ with very low mass.
[0 Relation between the y yield and real photon yield is known.

2 2 2
d’N _2a | Am () 2mi) 1 N £q. (1)
dM,, 3w 2 M2 )M,

S . Process dependent factor
[0 Case of Hadrons
O . M2
o ‘F(MJ(I M,
® Obviously S=0at M, > M
[0 Case of direct y
—If pT2>>Mee2
mS=1
- ] Possible to separate hadron decay
0 g e g5 s components from real signal in the proper

M,, (GeV)

? mass window.

hadron
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direct y — jet coincidence: calibrated jet probe

current result _ Run 7 + 9 (+8)
N g - .
S 0.4 F e AuAu0-20% direct 1-h PHENIX prefiminary 5 0.4 [ —— AuAu 0-20% direct y-h PHENIX Projection
o? L —e— ptp : - —— pp
N 0.3 - trigger pref5.7}{7.9}9.121GeVic N 03 - trigger pref5.7107.9}19.12) 1215 GeVic
=~ - ass0. pref2,5]GeV/c o - asso. p;e[2,5]GeVic
2 ‘ 2 02F
2 g b :
9 o01f e 07 .
'.é B ] E C ﬂ * % [ ]
g oL g o0F
‘E M I I I T I c cov b e b b e b b U L ey
= 4 5 6 7 8 9 10 11 12 4 5 6 7 8 9 10 11 12 13 14
P, direct, (GEVIC) Pr grect, (GEV/C)

Al

C
N
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Toward quantifying 1/S

Curves from
Romatschke & Romatschke,
arxXiv:0706.1522

0.3

PHENIX prellmlnary data ® phenix .
O phenix ¥/

— ideal hydro
— n/s=0.03
— n/s=0.08

— nls-o 16

0.25

0.2

0.15

0.1

0.05

llllIlIlIIlllllllllllllllllllllll

% 1 2 3 4 5 6 7
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Charged pions sensitive to sign of AG

o D.1|:_ =01
L -+ . e -
0.08 n W = ) i D.ﬂ-ﬂl: :I'E
| C —I—'_'_'___-__\____\_\__‘_—
0.06 - 0.08 __ ) = q Impart
o 0.04
0.04 - i = -q impurt
anz- 0.02—
C GRSV - sid
o aE I o
- - =7
002 I 00z
0,04 004 -
008 008
-0.08- 0.08; 1 d larizati
. } 25pb”’ assumed, B0% polarization |‘ foe 2 .Iﬁu%pu arizat n", ,
a1 I i | i i ] I L - 'ﬂihl IIE '4' IE IBI 10 I 12‘ ] 14‘
0% 2 4 B ] 10 12 14 2009 Projections. p_(GeVie)

2002 Projections. P, (GeV/c)

q+g dominates for p; > 5 GeV/c, A;; ~ linear with AG
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