PHENIX Beam Use Proposal for Runs 9-13

® Status of PHENIX & our science

® Beam Use Proposal Summary
Spin Goals (& what it takes to get there)
200 GeV AutAu collision goals
Search for Onset of the Perfect Liquid
Are b quarks stopped?

® Data Taking Efficiency
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Recent scientific accomplishments

@ First measurement of initial temperature at RHIC 0804.4168

® Discovery of low mass dilepton excess in central Au+Au
0706.3034

® Quantitative analysis of energy loss 0801.1665; 0801.4020

® Opacity emergence between 22.4 and 62.4 GeV \ S \y 0801.4555

® Mapping the medium response to jets
0801.4545; 0712.3033; PRC77, 011901(2007)

+ 8 additional papers: high p, hadron suppression, J/W
7~ suppression, source imaging, dielectrons (p+p),
SR d+Au/p+Au/n+Au, fluctuations, phi flow, A,,.
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T

via low mass, high p, dileptons

arXiv: 0804.4168
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Initial temperature (with aid of models)*

Hydrodynamical models in

qualitative agreement with the
data: Eur.Phys.J. C46 (2006) 451

D.d’Enterria &D.Peressounko
T=590MeV, t,=0.15fm/c
S. Rasanen et al.
T=580MeV, t,=0.17fm/c
- D. K. Srivastava
®o T=450-600MeV, t,=0.2fm/c
= S. Turbide et al.
T=370MeV, t,=0.33fm/c

Tinit (MeV) J. Alam et al.

T=300MeV, t,=0.5fm/c
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> T even for simple exponential!
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* and 1 billion events ...
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Quantitative Analysis of Energy Loss

0.6

PHENIX n® { Au+fu 0-5% Central

3 = . EclooaSysamtc Uncaranty 254 = Fit of model parameters to data requires
§ | correct treatment of exp. uncertainties
= 0.4
B o } +— + Type A: point-by-point uncorrelated
= . = . :
> 02 i + Type B: Correlated (in py)
?: + Type C: Normalization (constant factor
?;f l:h 2 4 6 85 10 12 14 '15“:1‘3\”:210 fDr a” pointsl
4 g 06 2" (Au+Au 0-5% Centra . .
S| ool Systematc Uncoraimy +12% = Least square fit for this case
L : 7
=L 0.4 }
o i | ~ 1:+£c:-' teyo_ — ,u)
X w- \ . \ + E‘ +£
Takes type B and C uncertainties
q:, 246 8 1012 14 16 18 20 correctly into account
p (GeVie)
Results (16 range): Caveat: theoretical uncertainties not include
PQM | GLV | WHD

§=13.221GeV/fm | aN? /dy =1400"T7 | aN? /dy =1400'1% | &, =1.9°22 GeVifm’
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@® Since 2001:
41 PRL’s
18 Phys. Rev. C
S Phys. Rev. D
2 Phys. Lett. B
1 Nucl. Phys. A
(White Paper)

® > 5700 citations

Impact
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® Most-cited single result from RHIC (421 citations):

“Suppression of hadrons with large transverse momentum in central

Au+Au collisions at Sy

~=130 GeV'”,

i,xs K. Adcox et al. , Phys. ReV Lett. 88: 022301 (2002), nucl-ex/0109003

‘ éﬁ + 5 other papers with > 250 citations
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PHENIX Detector Status

PHENIX Detector

PC3 Central
Magnet

2007

Hadron Blind,
TOF-W Reaction Plane
(PID) detectors

Muon Piston
Calorimeter (N & S)
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Detector Upgrades

NCC :
FY08-FY11

FY07-10; FY08-11
:  VTX & FVTX

-3 -2 -1 0 1 2 3 rapidity

(i) 70 and direct y with additional forward EM calorimeters (NCC)

(i) heavy flavor with silicon vertex trackers (VTX, FVTX)
(i)+(ii) for large acceptance y-jet

15
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PHENIX Beam Use Proposal*

RUN | SPECIES VENN PHYSICS | I Lot
(GeV) WEEKS (recorded)
il
Aut+Au > 10 1.2-1.4nb"!
10 + T 7
ﬂf:f pp+ . a0 8-10 weeks
FT.4, A0, ZH 09
12 4. 40,
11 | AutAu 20)10) | M
D+p 500 25-M
12 U+U a() N
D+p () 25-N
13 p+p 500 0
Au+Aun VA0S _ 25-0)

* Complexity from $ uncertainty .
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Driving the requested schedule

® Spin Program
Progress hampered by ~ no p+p since Run-6
— p+p highest priority for Run-9
® Physics Opportunities + Upgrades
Rare Probes with good precision in near term
Plan to replace HBD by VTX (pixels) for Run-10
— low mass e"e: 200 GeV Au+Au run with HBD
Full VITX in Run-11
—first look at b quark: 200 GeV Au+Au (or U+U)

® Search for onset of perfect liquid behavior
— AutAu from 29-62.4 GeV

Milestones
First W physics in 2011 (RIKEN)
Di-electrons in 0.5 <m_, < 1.0 GeV in 2010 "
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200 GeV polarized protons - the elusive AG

Run-6 result

25

20
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\

_"AG='G" "AG " "S'ld" “AG:G“

! Ll |

2 | 11 1 1 1 1 | | | I | L1 | I L1

-1 -0.5 0 0.5 1
AGL M (@%=1 GeV?)

Run-9 sensitivity for
AGrey.g(X)/2 (1.e. total=0.2,
or 0.1 in measured region)
Sensitivity 1f AG=0

Global fits, DSSV arXiv:0804.0422

xAg w/Run 6

— — — - GRSV max Ag 1
----- GRSV min. Ag . .

10" x 1

< >
RHIC Constraint
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The role of PHENIX

(IR B L B B
: : =\ ~—-PHENIX | 15
PHENIX will provide -\ STAR [ 3 Ay
best constraint if S\ s/ o Run-6
A.G IS positive =\ /i 15 status
(in the range AR
0.05<x<0.2) : RS
1 L \ [
)2 0 0.2
In that case, the agh 0]
best sensitivity is S Y
via gluon-gluon ; L | &%
. . i - 1 '.‘ - 10
interactions - high ,_, || | Run9
rates at low py. o T
2\5"" S }, “ Projection
— \ - 0
— | | | ]
“ 2 0 0.2
Agl [005-02] 13 .
PHXENIX



200 GeV p+p (65% polarization)®

* assumed, and projected by CAD
160

Integrated luminosity [pb!]

p-p luminosity projections 100 GeV §<— Projected
140 \\
100 \ ~65/pb delivered
30 21.7/pb recorded
______________ .
60 8 <— Projected
Run-b
40 === achieved
20
0 ‘
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Weeks in physics production
Run-8 ratio recorded/delivered = 0.3
14
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500 GeV p+p goals for Run-9

® Measure backgrounds under high p, muons
® Test muon trigger electronics (currently being installed)
@® Measure production cross sections
70, ¥ to pr ~30 GeV, JAp, Y
® With 25 /pb can record W’s in central arm

~500 W+ and ~ 90 W-
First look at A; with AA; ~ 0.05.

® Estimate 4 or S Physics Weeks needed
7. A
i

.
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Compelling questions in Au+Au at V s\n=200 GeV

® Does JAp tlow (final state coalescence)?
JAP v,
® How is energy deposited to/transported in the medium?
v-h correlations, h-h correlations, fate of direct y?

@ Source of the low mass dileptons? Evidence for chiral
symmetry restoration?

® Are b quarks stopped by the medium?
® How do highest energy densities differ?
— Extend sensitivity via increased integrated luminosity
Order of magnitude | £ over existing Run-4!
9;?&'% Collect in Run-7 + Run-9
‘\§ Run full energy Au+Au with VTX for c,b separation
N

U+U in Run-12 16 PHEENIX



Open charm flows!

Elliptic flow of non-photonic electrons
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®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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JAP v,

But we only got

0.8 nb!!

PHENIX, Au+Au Run 7, 1.15 nb”

Coalescense at hadronization
Coalescence in medium

No coalescence

Jhy - p'w

(1.2<ml<22)
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N at freeze-out (PLB595,202) Initialy produced J/psi (PRL97:232301) |
L in transport model (PLB655,126) i X ]
0 2 | s in fireball (PLB540, 62) ~.~.. Comovers (Lynnik priv. comm.) ]
TR + initial mix (Zhao, Rapp: priv. comm.) —
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Precision of JAp v, measurement

PHENIX, Au+tAu Run 7 + Run 9, 2.4 nb”

o~ 0.25
> B Coalescense at hadronization This W()uld require
2‘ [ | Coalescence in medium 1
= 0.2 | e No coalescence 1.6 nb! in Run-9
B ® Jy—e'e (n<0.35)
- Jy-u'n (1.2<In<22)
015 PHENIX would be
o1l happy with 1.4 nb!
0.05
0_ ...‘:\““: ““““““ l‘- ““““““““““““““““““““““““““““““““““““““““““““““““““““““““
CL111 III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 o5 1 15 2 25 3 35 4 45 5

Jhy P (GeVic)
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Low mass dielectrons

arX1v:0/06.5034
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Hadron Blind Detector
novel concept for e ID — Dalitz rejection

windowless CF, Cherenkov detector
50 cm radiator length
Csl reflective photocathode

Triple GEM with pad readout

2 side covers 6 active panels
with frame

window support

{ -

' 2 vertical panels

a

HV panels




HBD current status

® Rebuild underway at Stony Brook
Previous problems diagnosed
Damaged GEMs replaced
HYV distribution replaces, operating point optimized
All surfaces cleaned

® Run-7 data being analyzed

Only partial coverage with functioning modules

Diagnostics, software development using electrons
identified in PHENIX central arms

® Performance
4" 14 photoelectrons in Run-7
Up to 25% improvement anticipated

I

&

22
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HBD performance study from Run-7 data

_Ma [ Mass5_ [ Mass_5_sub
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P o
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// Functioning modules being analyzed, approx. order of

“\g magnitude improvement in S/B
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HBD impact in Run-9

12_ 25_
i C mnl
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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



Third Priority

@ After p+p and 1.4 /nb of 200 GeV Aut+Au

® For Run-10

Lower energy running
Address two questions
(which may not be different ...)

26
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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)



Onset of heavy quark energy loss?

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

'g 10" w present dataPHENIX prelimi|nary
o * ISR, Nucl.Pys.B113(1976)189
o o2 8orofTas  «|SR, Phys.Lett.112B(1982)260
z| 3 * ISR, Nuo.Cim.65A(1981)421
[ g 40° ' All ISR are scaled with
& <N_,>=256.6
N

| 40 T,e=6.94 [mb™']
) centrality:0--83.4%
10°

lﬂ}
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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
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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

Sl PHEENIX



What does it take to do this well?

Measure multiple signals
with good statistical and systematic precision

make a significant improvement over existing SPS results

# events Signatures that hecome available

1 M {No) (integral}, (pr) fuctuations, min bias PID spectra

iM PID vs. centrality, minimum bias w

50 M wp va, centrality, "basic” HHET, di-electrons, K/pi fluctuations
100 M m R 44 (Full centrality dependence}, di-hadrons

To do this well need SOM events at least!
300M for charm, J/ap (at higher \'s)
300M for pi,p v, vs. centrality

MUST also take p+p, d+Au comparison data!
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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 energy |GeVinucleon|

+ technical challenges in triggering, timing,
rejection of beam-gas interactions at the
lowest energies

(solving these is cheaper, but not free)

PHXENIX



Run time required grows for low energy

Run-10 plan assuming 200 GeV Au+Au in Run-8

sy weeks events comment
cooldown 2
p+p start/rampup 500 3
p+p physics 500 5 record 25ph~!
62.4 0.5 6.58 comparison

39 0.5 ~=1B
28 0.5 1.2B
22.4 1.0 2.5B
Au+Au startup 62.4 2
Au+An energy changes | 39, 28 (0.5
Aun+Au physics P ‘

o charm measurement

Wari-up
TOTAL

e
///Q Lower energies offer insufficient bang per operations buck
‘\\g without very substantial luminosity increase & vertex tightening

Sl PHEENIX



U+U for increased energy density: Run-12

Heinz & Kuhlman, PRL94, 132301(2005)
& PRC72, 037901 (2005)

Conditions bridge between RHIC Au+Au and LHC

100

Energy density ~60% | |i e Gev ) | e |
20l 5, l:fl:ll'csj
more than central Au+Au | L'IU cenmal 10
‘g 80 e
Control the geometry S |“_] 100 &
. . . < 40 o
Orientations differ by ~15% 3 A+ Au _ |
. w o 50
in dNN/dy o
0 00 300 700 500
N
= i ! ! I I':::"::I:'"
EE 4 ] [ L
B T I
F— il
s 2% Tt "
>/ oL I ]
///Q s 32 r[ i } + PHOBOS @ 200 GeV
- A+ am
‘)\\ é 28 ]- -— 17+ 1 central |
1 ] ] 1 ] 1 ]
0 100 030 4050 34 -
" pant PNIX




Summary of proposal for Run 9-13

JL dt

RUN | SPECIES \ s NN PHYSICS p+p
(GeV) WEEKS | (recorded) Equiv.
p+p 200 or 500 10 or 5 | 25/25 pb- 25 pb-1
9 Au+Au 200 ~10 1.2-1.4 nb1| 56 pb-
10 p+p 500/200 50r10 25 pb1 25 pb1
p+p 62.4,39,28, 22.4 2.5
Au+Au 62.4, 39. 28 15
11 Au+Au 200 M
p+p 500 25-M
U+U 200 N
12 p+p 200 25-N
13 p+p 500 Q
Au+Au various 25-Q
‘- SPHAENIX




Concluding Remarks

® Running Priorities for Run-9 + Run-10:
1) Constrain AG from positive side with rt’, charged &
and/or First look at 500 GeV p+p
2) Low mass dileptons at 200 GeV Au+Au

3) Onset/critical point scan between 22.4 and 62.4 GeV
Aut+Au

® Running Priorities for Run-11 + Run-12: *

1) Heavy Quark separation with vertex detector in full
energy Aut+Au

2) W asymmetry measurement with S00 GeV p+p
\9‘3'% 3) Increase energy density using U+U collisions

<

* top priority is not necessarily finishing the first 113s6t

PHXENIX



Data Taking Efficiency

PHENIX response to S&T review charge

37
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PHENIX Efficiencies vs Day | e
PHENIX Eff (avg 0.68)

ZOO Gev d"‘AU ? 1 B Vertex Eff (avg 0.50
- Live Time - 89% $
* PHENIX up - 77% o7
« Overall (w/o vertex) - 68% 06
Vertex eff ~50% in both cases! o
* will be improved by Stochastic ::

Cooling (SC) & RF advances
* but vertex detector upgrades
use +10 cm so even with SC can

12/02 12/09 12/16 12/23 12/30 01/06 01/13 01/20

0.2
0.1

expect only 38% effll | Days Since 11/29/07
PHENIX Efficiencies vs Day Sl
200 GeV p+p : 1 | . ECL‘::‘;’;:“,;:;%.‘::{’ .
. Live Time - 89% do = b= 13
« PHENIX up - 69% H:I:LEI E
« Overall (w/o vertex) - 62% 06 E
(where 10% correction for loss due os M .
*g\CNI measurements is made) 0.4 E
.5 0.3 =

Black vertical lines are markers for  o—53 e —

2 03
Maintenance and/or APEX days ¥ Dw Since 2/15/08 u

]



Recorded/Delivered Luminosity Ratio

The useful delivered luminosity is the fraction - -
within z,, = +30 cm, about 50% of what CA -
dAu

quotes 2.26 b x 88% 0.52b
£ = N¢3Ocm NWide PP 42 mb x 53% 0.31 mb
vix — *VBBC BBC A
uAu 9.8b x92% &

The recorded and delivered luminosity come from
the BBC and ZDC, respectively; and their ratio
with a small loss due to livetime (LT), gives the

PHENIX efficiency
c _ (ngpe *LT )/ O ppc o
PHENIX = o dAu 68% 89%

Nzpe / Ozpc * €

Uncertainty is from o,y & what fraction of n_,
to count (stable beam at beginning of store, not AuAu* 65% 90%
during CNI measurements, etc)

PP 62% 89%

“—_—

/'k
‘\Q\é\:] Eppentx * Evrx — 0.68 * 0.5 = 0.34

* Last two weeks of Run7 AuAu
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Run control improvements

Extensive DAQ development in Run7 — ~ Run7 AuAu
% 5 khz rate (AuAu) - gt
‘Run8 “easy” with up to 7 khz dAu event rates 2| T
Improvements for Run8:
* Zero-suppression _ _
* front-end (FPGA) data compression C . o Jums-1s] ]
* upgrade HV control -reliable turn-on & off %

4
Raw Rate (khz)

(91
i

Live Rate (khz)
—_ (3] [o5]
[
\
<
=

Improvements planned for Run9 — 7 khz pp event rate

» faster recovery from timing glitches

« improved buffer-box disks for local data storage

« fix recurring small problems, especially in event builder

« improve HV control & reliability

« explore clock stabilization through ramps & dumps

* faster RHIC work/improved communication with us
collimation & background cleanup at beginning of store
faster dump at end

faster polarization measurements m




PHENIX DAQ efficiency

Live fraction

0.6

0.4

IIIIIIIIII

0.2

11111111111111

—————— - Run 7 Au+Au

1111111

O

1000 2000 3000 4000 5000 6000 7000 8000 9000

Raw trigger rate (Hz)

Fraction of presented
collisions recorded

While DAQ is running

® In Run 4,7, 9 PHENIX takes ~ ALL Au+Au collisions
f. In the future (RHIC-II): luminosity goes up

3

PHENIX event size also increases
—> Need to upgrade DAQ & Trigger accordingly
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DAQ/Trigger Upgrade Plan

Replace EMCAL FEE better ~82M?
trigger match/rejection

Development | Upgrade Local Level 1 | ~$200-400K
trigger
Faster DCM-II ~$700K
Upgrade EVB switch ~$625K
(10 Gb/s)
Upgrade EVB machines | ~31/85K
De-multiplex FEE Manpower,

planning, $
Purchase Real Time Trigger $500-700K

Analysis Farm

42
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@ backup slides
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Hun

01

02

03

04

(14

L

i

05

Year
2000
201 1_.-’2[][]2
201 2_.-’2[][]3

2004,/ 2004

2004,/ 2005

2006

2007

2005

Specics
Aun+-Au

Au+-Au
P
I:i-l—:'l'l.'Ll
P
Au+—Au
Au+—Au

Cu+Cu

Cu+—Cu

Cu+—Cu
PP

p+p
p+p

Au+—Au

I:']-I-_'J'L'Ll
PP

PHENIX data sets

Vvanx (GeV)

130

200
200

200
200

200
G2.4

200
62.4
22.5
200

200
G2.4

200

200
200

1

24
(.15

2.74
0.35

241
4

3
(.14

2.7
3.8

10.7
(.1

0.813

tall

0.2

I L dt

ub™!

ub~!
ph™"

nh!
pb*

bt
uh!

nh™!
nb™’
ub!
ph~'

ph™'
pb™

nh *

nb™!
pb™*

N
10M

1700
3.7G

5.5G
660
1.5G
oM

B.G0s
040
an
850

23006
280G

5.1G

1600
115G

p+p Equivalent

0.04

1.0
0.15

1.1
0.345
10.0
0.36

11.9
0.8
0.01
3.8

10.7
0.1

3.7

32.1
.2

Data Size
ph ! 3TB
ph! 10 TH
ph t 20 TH
ph ! 46 TB
ph~! 35 TH
ph~! 270 TH
ph ! 10 TB
ph ! 173 TH
ph! 48 TBH
ph! 1 TH
ph ! 262 TH
ph ! 310 TH
ph 25 TH
ph i50 TH
ph! 437 TB
pht 1183 TB

Table 1: Summary of the PHENIX data sets acquired in RHIC Runs 1

inteerated luminosities listed are recorded values.

though & All



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.




RXNP: 2x better reaction plane resolution

equivalent to x4 statistics

a1f L
ol
ns .

® inner + outer combined

05 O inner segments
L A outer segments
A oaf
—_— :
: (— _._+
5 ol -~ +++
'e‘ C + -H
' 02 & _ T, feaae -+
g| b T TRy T, BBC r.p. ~ 0.08
g | g Ty
o e @%
) %ﬁ
= * <sin 2(A®) >
N )
2]
o
O .4
v 0 50 100 150 200 250 300 350 400
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JAp prspectrum precision
PHENIX, Au+Au Run 7, 1.15 nb™

é 1
0.9
0.8
0.7

0.6

e Jy—e'e (m<0.35)
o Jy-u'w (1.2<)<22)

Jy R

Estimated statistical precision

0.5-
0.4

0.3

0.2
0.1

o IIIIIIlllllllIIIIIIIIIlllllll|IIIIIIIII|IIII|IIII

o 1 2 3 4 5 6 7 8 9 10 D0°
Jhy P, (GeVic) »os

0.7

Au+Au Runs 749, 2.4 nb™

PITTTT T T '#""|""|""|""|""
s
s
‘

1

e Jy—e'e (n<0.35
° Jy—->p'nw (1.2<<2.2)

Estimated statistical precision

e T S H ------- % -------------- +

0.6
0.5
0.4

0.3
0.2

o
-

IIIlllllllllll|IIII|IIII|II[[l[IIIIIIII|IIII|IIII

II|IIIIIIIII|IIIIIIIII|IIII|IIII|IIII|III[]II

1 2 3 4 5 6 7 8 9 I]10
Jhy P, (GeV/c) I

oo




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

49

20

30
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PHENIX is, and will remain, strong

400
350 -
300 -
250 mP
Authors 200 - OF
150 OoR
100 AUAUNNN |eor
AR AT |oes

1 3 5 7 9 11

Run
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a closer look

0,
("/1,,1_ Central Magnet

ZDC South . ‘
=
MulD




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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Comparison of hydro models to photons

—
o

X f
oy
AN\ TherJnal photons: Au+Au — y+X [0-10% central]
=N \
\;\\ \ -—-+---- Dgd'Enterria-D,Peressounko, T, = 590 MeV, 1,=0,15 Im/c

S.Rasanen et al, T, = 580 MeV,7,=0.17 fm/c

[N
IR ||l|||
ap

BiStivastava T, =450-800-MeVi5=02-"mle
S.Turhide et al. T, = 370 MeV,7,~0.33 fm/c

_*_ J.Alam et al T, = 300 MeV, t,=0.5 fm/c

L PHENIX Au+Au [0=10% central]

dy) (GeV/c)™>
2

—
<
N
| IIIllIIl T Illlll

2
T

— Prompty NLO pQCD % T, [0=10%]

__ =
./. P
1

d°N/(r dp
<
| IIIlII|

mRLLY
”~ -,
” -
Ve v
” . ’
/ ’
-_’( ¥ -
.
.
|
)
;
.
.
.
.
,
;
.
.
.
’
y

—
|

.
N
.
N
III|lIII|I1~II|IIII|II

5 6 7 8
p; (GeV/c)

10-7IIII|IIII|III

o
—
N
W —
=
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dielectron spectrum vs. hadronic cocktail

dN/dm,,, (c%/GeV) IN PHENIX ACCEPTANCE

1IN

1t o vee Jiy - ee
canae 1] b VEE W' e
10-3L— _ R L L n - yes =nn cE > ee (PYTHIA)
= p+p at\s = 200 GeV £°'F A
10'4 |:'| EAOT:?S woree&aee ---DY »ee(PYTHIA)

105

P, > 0.2 GeV/c

..ll AR

e

1IN, dNidm,, (cGeV) IN PHENIX ACCEPTANCE

m.. (GeVic?)

M’._*,-m‘” .

e 03 2E & nee — 5um



MEASURE the hadron cocktail ingredients!

%‘1 04 L L
U 40°EA p + p at\s = 200 GeV E
& % x50 "’ >Yy Cwe-oe'e =
c 10? " O "oonrw =
o % T oMN—YY 0w—-yn® 3
OERN Cnomrrconee
Oy i N oKt * o = K"K (one K PID)3
= =

2 B G, R ¢ 05K K (noPID) F
Byl 3 Ay ete ]
10 ~ K™% 10 E
@ =

10-2 D i'i. =
ox1/3 & ‘-.,.' =

107 g - -

” % :3»-" . ‘0 F —

o ‘o -

10" B o, 08

5L Jiw ’-!!. g l@ .. e —;.

10 L ili ; Tv--.,!g’!f E ] %n %x 10 =

& 3 o | g —

-6 ™ Re

10 ) -
10-7 T ~~~~~~~~~ B é

R I i ™

10 I N N N N N N R l | 1 l | -

| Seea,
0 2 4 6 8 10 55 :
p_(GeVrc) PHXENIX



Comparison with conventional theory

minimum bias Au+Au @ \ls = 200 GeV

"'l"'l"'l"'l""""Iowmassenhancementat

10"

dN/dm,, [c¥GeV] IN PHENIX ACCEPTANCE

I T TTTTTI

T lIIIII|

I IIIIIIIl

e

0

hadronlc cocktall

_____ Vacuum ) spectral functlon

|n medlum 0 spectraj functlQn
,. ........ drOpplng mass scenario

| IIIIIIII

.................................................

[ lIIIIll

.....................

*‘“

""\.‘--E‘m

IIIIII[IIIIIIllIIl

0.2 04 06 0.3

1.4
mee [GeVIc

150 <m_, < 750 MeV
3.4+0. 2(stat ) £1.3(syst.)£0.7(model)

calculations: min bias Au+Au
they include:

QGP thermal radiation

chiral symmetry restoration

R.Rapp, Phys.Lett. B 473 (2000)
R.Rapp, Phys.Rev.C 63 (2001)
R.Rapp, nucl/th/0204003
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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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What about b quarks?

Z_IIIIIIIIIIIIIIII||||||||||||||I||||||||_
n? i8 :_ _RAA: 0-10 % Poin't-by-point error _:
~ AutAu @[Sy = 200 GeV I S0
16— IPRL 98, 172301 (2007) == ST -
14 - A 7° without scaling error =
T C B n without scaling error  _|
1.2 A @ ¢t from heavy flavor —|
11|/ lee] ! .
0.8~ §
: ™~
0.6 4
E ",
00 I - 1 L 111 2 111 1 3 I | 4 L 11| 5

b quark contribution to
le electrons becomes
@nificant. do they also
se energy?

b— el(c— e+b

0.7

0.6
0.5
0.4
0.3
0.2
0.1

p+p \'s=200 GeV

m—— PHENIX (RUN5&6) |y| <0.35 ‘v-
e PHENIX (RUNG) |y] <0.35

FoLL o PH ENIX
------ FONLL maximum band y=0

FONLL minimum band y=0 N /l\ -------------

1 7 1 1 1
Electron P,(GeV/c)
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