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1 Summary

The PHENIX Collaboration proposesa scierii ¢ program of precision measuremets to
pursuekey goalsin the study of heavy ion collisionsand the spin of the proton usingRHIC.
We seekto quartify the propertiesofthe perfectQCD liquid, discover the conditionsunder
which those properties are rst manifested,and take rst stepsin a beam energy scan
with the ultimate goal of searting for evidenceof the QCD critical end point. The RHIC
Spin program seeksto answer the enduring puzzle of how the nucleon'shalf integer spin
is carried by its partonic constituerts. Our proposedprogramto dewelop and accunulate
data on polarized proton collisions at 500 GeV will extend the x range of sensitivity
to gluon polarization. We expect to have much better uncertainties; more esgecially,
these data will have a powerful e ect on global ts of the avor dependert anti-quark
polarization. In addition to quartifying the surprising properties of both hot and cold
QCD matter discovered in early RHIC runs, the program proposedby PHENIX also
addressesiew scieni ¢ questionsraised by the RHIC data from Runs 1-9. Our plan is
designedto take maximum advantage of enhancemets of both the PHENIX experimert
and the RHIC collider asthey becomeavailable.

The PHENIX detector was optimized for precision measuremets of rare probes of
partonic matter and polarizedprotons, with particular focuson hard and electromagnetic
probes. PHENIX possesseselectiwe triggers, high rate capability, and multiple fast de-
tector systemsto track and identify particles. The initial PHENIX designalready foresav
luminosity beyond designvalues. Consequetty PHENIX kept up with incremeral RHIC
increasesvia modest data acquisition improvemerns; the addition of stochastic cooling
does, however, mandate a more signi cant DAQ/T rigger upgrade.

PHENIX is currertly in the midst of an ambitious upgrade program. 2010will be
the nal year of operationswith the Hadron Blind Detector. Beginningin 2011,the new
silicon microvertex barrel detector (VTX) will be available, and will be extendedby the
forward vertex detector (FVTX) ayearlater. We are currertly optimizing the designof a
forward calorimeter (FOCAL) to trigger on neutral pions and photons, and provide coin-
cidencemeasuremets with particles detectedin the existing high resolution midrapidity
detectors. We look forward to usingthesedetectorsand the increaseduminosity a orded
by stochastic cooling to investigatethe proton's spin, gluon structure of the nucleus,and
properties of hot, densepartonic matter with rare probesthat have beenpreviously un-



available at RHIC. We presen here a program that is carefully plannedto utilize these
capabilities asthey becomeincremertally available.

The requestedheary ion running will extend measuremets of hard processesind elec-
tromagnetic probesfrom qualitative to truly quartitativ e. The new detector subsystems
will allow heary quark spectroscopy. Increasedluminosity will allow extending the kine-
matic range of pion, direct photon, quarkonia, and photon-jet correlation probes. A new
theme from Run-10onward is running at lower energieso sear@ for the onsetof opacity
and ow characteristic of the perfect liquid, probe in-medium hadron modi cation and
thermal radiation via dileptons, and to look for experimertal signalsof the critical point
of the QCD phasetransition. Substartial data setswith full energyAu+Au arerequested
in both Run-10and Run-11. Theselarge data setswith new detector capabilities are cru-
cial to maintain the excitemen of RHIC programin the eraof heary ion collisionsat the
LHC.

p+p collision data for dielectron comparisonis currertly being collected in Run-9.
Additional 200GeV p+p and eventually d+Au data will be requiredlater, oncethe VTX
and FVTX areinstalled. Full exploitation of thesenew detector systemswill be enhanced
by the increasedRHIC luminosity and enhanceddata acquisition and triggering capabil-
ities in PHENIX. Improved polarization and luminosity, as well as spin- ip hardware to
cortrol systematicuncertainties are key for succes®f the RHIC spin program.

The PHENIX Collaboration considersit imperative to maintain the vitality of the
RHIC spin program by cortinued regular madine dewelopmert and data taking. This is
particularly true in light of new experimertal opportunities at other facilities. We are at
the dawn of an era where RHIC data provide substartial constrairts to global analyses
of the spin structure of the proton. Timely dewlopmen of 500 GeV polarization and
collection of a substartial data setis requestedaswell asread lower x for G.

The priorities for the PHENIX Collaboration in Run-10 are:

1. Collect data with 200 GeV Au+Au collisions, utilizing the Hadron Blind Detector
to reject Dalitz decgs and corversionelectrons. As the Hadron Blind Detector and
the Reaction Plane Detector cannot coexist with the silicon vertex detector, it is
imperative to collect data with the HBD in Run-10.

2. Begin an energyscan,focusing rst betweenfull and injection energies.The goal of
this scanis two-fold:

I Exploit the unique opportunity to investigate dielectron production in a com-
pletely new collision energy regime. Utilization of the HBD to reject badk-
ground allows carrying out this measuremen with 50 Million ewerts, greatly
reducingthe requiredrunning time. With the HBD, dielectron production can
be studied at 39 and 62.4GeV.



i Seart for the onsetof perfectliquid propertiesvia opacity and ow measure-
merts, and look for possibleevidenceof the QCD critical endpoint at modest
baryochemical potertial.

3. Dewote a period of approximately 5 weeksto p+p collisions. We requestthat up to
4 weeksbe usedfor madine dewelopmen studies aimed at improving the proton
polarizationin 250GeV beams. This madine dewelopmern time is key to the success
of the spin program from 2011onwards and is very important. The remaining week
should be dewoted to unpolarized proton-proton collisionsat 22.4 GeV to sene as
referencefor the existing Cu+Cu data at that energy

The priorities for the PHENIX Collaboration in Run-11 are:

A Record50 pb ! of 500 GeV polarized p+p collisions. This can be accomplished
in 10 weeks,and will allow rst measuremen of the W asymmetriesand extend
measuremen of G to lower x. Once collisions are establishedand beam-related
badgrounds have been cortrolled, the p+p collisionswill be usedto commission
the VTX detector.

B Full energy Au+Au collisions for the heary quark physics program of that vital
upgrade. Furthermore, this data set, when conmbined with Run-7 and Run-10, will
allow de nitiv e measuremen of the magnitude of J= elliptic ow.

2 Intro duction

The goals of the PHENIX Collaboration for RHIC running have been clearly delin-
eated in our previous Beam Use Proposalsand presetations to the Program Advisory
Committee[], 2, 3, 4, 5, 6, 7, 8, 9, 10, 11]. The consisteth theme is the needfor the
highest possibleintegrated luminosities (and polarizationsin the caseof p+p running) to
explorefully the rangeof fundamertal phenomenan nucleus+nucleus,\proton"+n ucleus
and proton+proton collisions. The requestedprogram has beendesignedto provide in-
cisive measuremets necessaryto understand the spin structure of the proton and the
nature of nuclear matter at the extremesof temperature and density, while performing
the necessarpaselinemeasuremets for both the spin and the heavy ion programs.

PHENIX possesseselectiwe triggers, high rate capability, and multiple fast detec-
tor systemsto track and identify particles. Over the past years, PHENIX triggering,
data acquisition, archiving, and data analysisapproadheswere able to keepup incremen-
tal RHIC increasesvia normal operational capital expenditures. Howeer, keepingthe
PHENIX data acquisition and triggering capabilities matched to the increaseduminosity
expectedin 2012and increaseddata volume from newupgradesrequiresa more signi cant
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DAQI/T rigger upgrade. We have beenextremely successfuin providing timely analysis
of our data-setsusing not only the RHIC Computing Facility (RCF), but alsocomputing
resourcesfrom PHENIX institutions, particularly in Japan \CC-J") and France (\CC-

F").

PHENIX is currently in the midst of an ambitious upgrade program. 2010will be
the nal year of operations with the Hadron Blind Detector. Beginning in 2011, the
new silicon microvertex barrel detector (VTX) will be available, and will be extended
by the forward vertex detector (FVTX) a year later. We are currerntly optimizing the
designof a forward calorimeter (FOCAL) to trigger on neutral pions and photons, and
provide coincidencemeasuremets with particles detectedin the existing high resolution
midrapidity detectors. We look forward to using thesedetectorsand the increasediumi-
nosity a orded by stochastic cooling to investigate the proton's spin, gluon structure of
the nucleus,and properties of hot, densepartonic matter with rare probesthat have been
previously unavailable at RHIC.

PHENIX hasmade signi cant progressin both the heavy ion and the spin programs
despite curtailed running time in eat of Runs 6 through 8. Newertheless,the missing
weeksdo add up, creating a badklog of integrated luminosity for both programs. The
lack of running is immediately notable in the spin program, which hasits rst substan-
tial operations since Run-6, is currertly in progress. Although the recerly completed
exploratory run at 500GeV wasvery successfulthe overall polarized proton performance
in Run-9 underscoreghe deleteriousimpact that lack of polarizedp+p running hasupon
polarization and luminosity dewelopmen. Polarization is a key factor in the gure of
merit for the spin physics goals,and the expected polarization levels have not yet been
attained. This signi cantly slows progresstoward the goalslaid out in the RHIC Spin
Researb plans[12,13].

3 Status of the PHENIX Exp eriment

The PHENIX detector has ewlved from a partial implemertation of only the certral

armsin Run-1, a completedinstallation of the baseline+ AEE (Additional Experimertal

Equipmert) systemsfor Run-3, to a signi cantly enhanceddetector from Run-4 onward.

Upgradesaddedfor Run-7 include a time-of- igh t detectorin the Westarm, an improved
resolution Reaction Plane Detector, Muon Piston Calorimeters on both the North and
South side, and an initial implemertation of the Hadron Blind Detector. The rst three
were usedfor physicsin Run-7, while the Hadron Blind Detector was removed and re-
paired. It is now working well and taking data in Run-9. Additional strategic upgrades
are either under construction, or nearing construction start.



Table 1: Summary of the PHENIX data setsacquiredsinceRHIC Run-1. All integrated
luminosities listed are recorded values.

R

Run Year Species pm (GeV) "Ldt Ny, p+p Equivalent Data Size
01 2000  Au+Au 130 1 b1 10M 0.04 pb T 3TB
02 2001/2002 Au+Au 200 24 bl 170M 1.0 pb ! 10TB
p+p 200 015pb ! 3.7G 0.15 pb ! 20TB

03 2002/2003 d+Au 200 274nb ! 55G 1.1 pb ! 46 TB
p+p 200 035pb ! 6.6G 0.35 pb ! 35TB

04 2004/2004 Au+Au 200 241 b'! 15G 10.0 pb * 270TB
Au+Au 62.4 9 b! 58M 0.36 pb ! 10TB

05 2004/2005 Cu+Cu 200 3nb?! 86G 11.9 pb ? 173TB
Cu+Cu 62.4 019 nb ' 0.4G 0.8 pb? 48TB

Cu+Cu 22.5 27 b? oM 0.01 pb ! 1TB

p+p 200 38pb ! 85G 38 pb*? 262TB

06 2006 p+p 200 10.7 pb 1 230G 10.7 pb * 310TB
p+p 62.4 0.1 pb! 28G 0.1 pb*? 25TB

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

09 2009 p+p 500 10 pb ' 308G 10 pb ? 2237TB
p+p 200 ongoing >220TB

Table 1 summarizesthe data collectedin Runs 1-8, and in Run-9 so far. For eat
data-setthe \ proton+proton equivalent' \recorded" integrated luminosity is given by the
correspnding column of the tabje. For an A+ B collision H1e proton+proton equivalentin-
tegratedluminosity is givenby L dtjps pequivaiens: A B L dtjasg ; which correspnds
to the integrated parton+parton luminosity, without taking into accoun any nuclear en-
hancemenh or suppressione ects. The recorded integrated luminosity is the number of
collisionsactually examinedby PHENIX, asdistinguishedfrom the larger value delivered
by the RHIC accelerator. In the caseof minimum bias data sets, \recorded" is strictly
accurate, while for triggered data \sampled" more accurately descritesthe process.We
use\recorded" asshorthand for either caseto referto the number of events examinedby
PHENIX for a given physicsobsenable



Betweenmid-2008and the presen time, PHENIX submitted ten new papersfor pub-
lication. arXiv:0903.3399[1}is the rst publication on direct photon-jet correlations at
RHIC; the measuremenis doneusingleading hadronsfrom the jet and unfolding the di-
rect photon triggered correlationsfrom the inclusive photon triggered correlationsin both
p+p and Au+Au collisions. As the photon energytagsthe energyof the jet, this is a long
awaited \golden channel" to study mediuminducedenergylossand the resulting modi ca-
tion of the parton fragmertaion at RHIC. We nd that the direct photon assaiated yields
in p+p collisions scaleappraximately with the momertum balance,z; = phadron=ghoron.
asexpectedfor a measureof the away-side parton fragmertation function. In Au+Au, on
the other hand, assaiated particles are suppressedt a level that is comparableto that
obsened for high pr singlehadronsand dihadrons. This indicatessurfacebias toward the
hadron emissionside of the system. Preliminary results from Run-7, shavn in Figure 1,
were presettied at Quark Matter 2009in April; the higher statistical precisionand kine-
matic read indicate steepening of the Au+Au fragmeration function, asexpectedfrom
medium-inducedenergyloss.
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Figure 1: Fragmertatjon function z; = phadron=g"%" ‘measyredby grect h coincidence
in ptp and Au+Au " Syn = 200GeV.

Together with a new PHENIX publication reporting on the reaction plane depen-
denceof high pr hadron suppression[1h theseresults provide important constrairts to
calculations of di erent energyloss medanisms. Another new publication presets the
rst separationof c and b qyark at RHIC, utilizing non-photonic electron-hadroncorre-
lations in p+p collisionsat = s = 200 GeV[16]. The extracted ¢ and b production cross
sectionsagreewith those inferred from dileptons in [17]. With these papers, PHENIX
erters the era of using rare probesto ascertain properties of the hot partonic medium.
These rst results also demonstrate,though, the needfor increasedluminosity, precision
particle identi cation, improved trigger rejection and data acquisioncapability, aswell as
enhancedacceptancen order to fully engagein precisionmeasuremets.



Two papers from the spin run in 2006 were completed. High Xgjorken Of the gluon
was probed for the rst time at RHIC via ° production in 62.4 GeV polarized proton
collisions.[18, and we preserted greatly inB)roved measuremets of the double helicity
asymmetry in neutral pion production at = s = 200 GeV in Ref. [19]. The measured
asymmetriesare consistem with zero,and provide constrairts on global ts onthe positive

G side. This can be seenin Figure 2 and in [20]. Again, the data demonstrate the
importance of signi cant running time with high luminosities and polarizations if RHIC
is to solve the mystery of the gluon spin.
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Figure 2: left: ° asymmetry expectations for dierent g(x). Hatched band is the
pDIS uncertainty (BB). Points are the combined Run-5 and Run-6 results. right: The
2 pro le asa function of GI90203l for the sameparameterizations. Arrows indicate 1

uncertainty on BB best t. 2 valuesare shovn for GRSV.[2]]

We have reported rst measuremets of thermal photon emission,from which the
initial temperature can be inferred with the aid of hydrodynamical models[22; this tem-
perature lies between about 300 and 600 MeV, depending on how early thermalization
is achieved. Other papersreport correlation[23]and uctuation[24 ] measuresof the bulk
medium, as well as systematic studies of the elliptic ow measuredin se\eral di erent
ways to cortrol systematicuncertainties[25. Our studiesof the bulk represen an impor-
tant steptoward dewelopingmethodologiesfor a phasetransition seart. This is discussed
below.



3.1 Achievements in Run-7

The con guration of PHENIX starting in Run-7 is showvn in Figure 3. Not visible in this
gure are the new muon trigger componerts which were partially installed for Run-9.
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Figure 3: Con guration of PHENIX for 2007 and 2008, shaving the location of the
ReactionPlane Detector (RXNP), Time of Flight-West(TOF-W), Hadron Blind Detector
(HBD) and the Muon Piston Calorimeter (MPC).

The Au+Au data set collectedin Run-7, and utilizing the TOF-W, RXNP and MPC
detectors, exceedecdbur previous statistics by nearly a factor of 4. Reconstructionof the
Run-7 data was completedapproximately a year ago, and preliminary results have been
shown at the Quark Matter conferencesn 2008and 2009. Se\eral paperson theseresults
arein preparation

A number of new physicsinsights were found by PHENIX from the Run-7 data, in
addition to thosediscussedabove. A number of theseutilize the newdetector subsystems.
The list includes:

Quark number scalingof elliptic ow is brokenat pr per quark above 1 GeV/c. The
location of this point and its certralit y dependencedepend on the viscosily of the
parton liquid.

Scalingworks for v, just aswell asfor v,; v4 = k(v»)? independerily of PID.

Heavy quarks ow to at least5 GeV/c, wherethe contribution of single electrons
from B mesondeca/s should becomesigni cant. This suprising result utilizes the
improved reaction plane resolution of the RXNP detector.
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For dijet probesof the medium, the away side yields drop from in-plane to out-of-
plane. This indicatesthat the mediumis \gray" rather than completely opaqueto
jets.

The strongly modi ed structure of away-sidejets in Au+Au collisionshasa reaction
plane dependencethat is very di erent from that of the jets that punch through.

The spectrum of particles in the two particle correlation near side\ridge" is harder
than the bulk, and in fact very similar to that in the modi ed jet on the away-side.

is suppressedn certral Au+Au collisions.

2
e
[0

T

- LR . I ) -_
c =
§ PRELIMINARY {Run-4

2 015 .. . =]
w minimum-bias * RUH—?

3 | :
& B
2 ¥ §
$ ¥ 1

N T FEETE
'°"o 0.5 1 1.5 2 25 3 3.5 4 4.5 5
P, [GeVic]

Figure 4: Left-hand gure: Identied hadronv, andv, measuremets vs pr in mid-certral
collisions. Right-hand photo: b) v, of non-photonicelectrons;the dominan sourceof sud
electronsis the deca of D and B mesons.The blue points indicate the Run-7 data, and
show that substartial elliptic ow is obsened even for heary quarks.

3.2 Achievements in Run-8

The d+Au data collectedin Run-8 is a factor of 30 larger than that available from the
last d+Au run in 2003. Over 80 pb ! of integrated luminosity was sampled,represeting
160 billion minimum-bias events. Reconstructionwas completedat the beginning of this
year and analysisof this data is now underway with a seeral new results preserned at
Quark Matter 20009.



This data set will provide a much neededreferencefor cold nuclear matter e ects
on probesof the hot, densematter producedat RHIC. In particular it will provide the
following:

a) the level of suppressiorrelativeto p+p collisionsof J= andheary quark production
to understandthe e ects due to a modi cation of the structure functions (shadaving),
energylossin ordinary matter, and the absorption (breakup crosssection) of the J= in
the nal state. The data will sene to identify and quartify the magnitude of suppression
seenin Au+Au collisionswhich can be attributed to hot matter e ects.

b) a precisionmeasuremen of direct photons at high transversemomenum to sene
as a baselinefor direct photon production in Au+Au collisions.

c) a quarti cation of the Cronin e ect in the certral arm by usingthe TOF-Westand
Aerogelcourters, (not availablein Run-3) for particle identi cation at high pr. The extert
to which the baryon enhancemenin d+Au exceedghe mesonenhancemety along with
possible saturation of the enhancemen with the number of nucleon-rucleon collisions,
will allow PHENIX to solwe the seweral decadelong mystery of whetherthe Cronin e ect
is due to initial state multiple scatteringin the target nucleus.

d) a seart for evidenceof saturation of gluonsin nuclei at small momernium fraction
using the Muon Piston Calorimeters (MPC) in place during Run-8. This will be done
both by looking at Rgay, and correlationsbetweenthe MPCs and the certral arm data.

Becauseof its short duration, low polarization, low luminosity, and lack of radial
polarization dewelopmert, the p+p running in Run-8 allowed PHENIX only to double
the modest-sizedtransversepolarized p+p statistics from Run-6. Newertheless,we will
combine the two data samplesand study the interferencefragmertation function, Sivers
e ect and Ay in transverselypolarized proton-proton collisions. In particular, the MPC's
now allow PHENIX to study transversespin e ects at forward rapidities, where sud
e ects are often larger.

3.3 Achievements in Run-9
500 GeV test run; badkground measuremenand W obsenation
Measuremeh of J= and in 500GeV p+p collisions
HBD commissioningand comparisonrun with 200 GeV p+p

MuTrigger test run & commissioningof MuTr FEE trigger
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3.4 Hadron Blind Detector

The Hadron Blind Detector (HBD) is a novel proximity focusedCerenlov detector, which
is insensitive to most charged hadronscreatedin the certral rapidity region. The HBD's
novel readouttechnology utilizes a stad of three GEM detectorswith a Csl photocathode
deposited on the top GEM. Essemially all electronsfrom Dalitz decas and corversions
are detected,allowing rejection of the majority of pairs that form the combinatorial badk-
ground to low-masse* e pairs. Reduction of this badkground is crucial to high quality
measuremen of dielectron signalsof thermal radiation, chiral symmetry restoration and
medium modi cations to hadron properties. Resultsfrom Run-4, shovn below, indicate
an excessf low massdielectronsin certral Au+Au collisions. The currert result is ob-
viously limited in both statistics and systematicsby the very small signal-to-bakground
ratio. The badkground rejection provided by the HBD is essetial to obtain quartitativ e
results.

3.4.1 HBD Commissioning in Run-9

Run-7 was the rst run in which the HBD was installed, and serned as an engineering
run for this new detector technology During the run, a problem was discovered with the
high voltage systemthat resulted in releasingmore than the expectedamourt of stored
energy during a disdharge, causingdamageto marny of the GEMs. In addition, a aw
was found in the rm ware of the LeCroy High Voltage modules (1471N) which brie 'y
re-applied high voltage to the GEMs after a trip. One half of the HBD was operated
during Run-7, and the ertire HBD was rebuilt in 2008. Many GEMs were successfully
recuperated by washingwith deionizedwater, which is a routine operation at the end of
the regular production of GEM foils. We have improved the protection againstdischarges
by modifying the resistive chain powering siheme and have xed the problem with the
Lecroy HV modules. Furthermore, we improved the asserbly procedure, under much
cleanerconditions.

The rebuilt HBD is currently in operation in PHENIX, and data collectedin the ini-
tial week of running has beenanalyzed. While the 500 GeV polarized proton data was
collectedwith the certral magnet eld in the ++ mode, the 200 GeV run underway uti-
lizesthe +-, or bucked eld, con guration which put zeromagnetic eld at the HBD. As
of this writing, insu cient 200 GeV data have beenanalyzedto determine the overall
hadron rejection factor. Howewer, the preliminary analysis available so far reveals im-
proved performancecomparedto that obtainedin the commissioningduring Run-7. The
improvemernt is closeto that articipated last year. We obsene 20 photoelectronsfor eah
electrontraversingthe HBD.

Figure 5 shows the matching and charge distribution of single electron tracks. This
study is doneusingtwo iderti ed electronsin the certral armswith massm < 150MeV/ ¢?
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matched to two separateclustersin the HBD. The top two panelsshow the distribution

of residualsbetweenidenti ed electrontracks and hits in the HBD alongthe (azimuthal

angle)and z (along the beam)axes. The matching resolutionboth in zand is ,

1 cm, which is determinedby the HBD hexagonalpadsof sizea= 1.55cm (2a/ 12= 0.9
cm). The lower left panel shaws the chargein the HBD, calibrated into photoelectrons,
for matched singletracks iderti ed aselectronsusingthe RICH and EMCAL. Thereis a
clear peak at 20 photoelectrons. The lower right plot shovs the number of red padsin
the HBD that correspnd to thesetracks.

Figure 5: Top: Matching distributions in  (azimuthal angle) and in Z (along the beam
axis) of singleelectronsto the HBD. Bottom: HBD responsein number of photoelectrons
(left) and cluster size(right) to singleelectrons.

Figure 6 showns the matching and chargedistribution of double electrontracks. In this
study, the two identi ed electronsin the certral armswith m < 150 MeV/ ¢ matched to

12



a singlecluster in the HBD. It is clearthat the matching in this caseworks similarly to
that for singletracks, while the number of photoelectrons,peaked at 40, is doublethat of
the singletracks. The valuesfor single and double electron responseallow us to project
the performancein Au+Au collisions,which is discussedoelow.

Figure 6: Top: Matching distributions in  (azimuthal angle) and in Z (along the beam
axis) of two electronsmatched to a singlecluster in the HBD. Bottom: HBD responsein
number of photoelectrons(left) and cluster size(right) to double electrons.

The single electron e ciency of the HBD was derived from a sampleof open Dalitz
decygs, and is shavn in Figure 7 as a function of opening angle of the track pair. Pre-
liminary analysisof the J= using the electrontriggered data samplecon rms that the
single electron detection e ciency is closeto 90%in the HBD.

Evaluating the hadron blindnessof the HBD will require analysisof a larger data set
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Figure 7: HBD sirgleelectrontrack e ciency with respectto the certral armsfor Run-9
p+ p collisionsat = s = 500GeV.

than has currently beenscanned. Howeer, the data from Run-7 allow a rst glimpse;
the true performancewill be considerablybetter asthe elecronresponseis now 20 photo-

electrons,much larger than the 14 photoelectronsadhieved in Run-7. The left panelin

Figure 8 demonstratesthe suppressionof the hadron responseof the detector in reverse
bias mode as comparedto the forward bias case. The middle panel shavs the electron-
hadron separationin reversebias mode. Adequate hadron rejection is achieved with a

simple amplitude cut, as shavn on the right panel. Hadron rejection factors in excess
of 100 are obtained by combining the the amplitude cut with a cluster size cut, since
hadronsproducesingle pad clusterswhereassingle electronstypically produce clustersof

2-3 pads.

The expected badground rejection by the HBD can be estimated basedupon the
analysis of the Run-7 data, and correction for the improved response. The projections
for S/B improvemen are discussedbelow, in the heary ion physics section. The Run-7
analysisis shavn here for completeness.The left panelin Figure 9 shows the invariant
massspectrum in the PHENIX eastcertral arm, within the sameacceptanceof the HBD
eastthat was operational in Run-7. This is the spectrum prior to any rejection of the
combinatorial badkground using HBD information. The middle panel shavs the same
spectrum after applying HBD rejection utilizing the cuts described above. In both panels
the red points represet the measuredunlike sign spectrum and the blue points shawv the
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Figure 8: Left panel: hadron suppressionillustrated by comparing hadron spectra in
forward bias (FB in blue) and reversebias (RB in red). Middle panel: electron-hadron
separationin RB. Right panel: hadronrejection factor asfunction of the cut onthe charge
signal.

properly normalized combinatorial badkground determined by a mixed evert technique.
The right panel shows the net signal (unlike spectrum - conbinatorial badkground) after
HBD badkground rejection cuts. This is an ongoing analysisbasedon lessthan 10% of
the available statistics and restricted to ewverts with certrality < 50%. The presen results
include only the HBD bene ts from matching, double hit rejection and partial rejection of
corversionsin the radiator gas. The closehit cut and the cluster sizecut are not applied,
asthey will be di erent for the nal HBD. Monte Carlo studiesindicate that thesecuts
should improve the conmbinatorial rejection power of the HBD. Even with the incomplete
analysis of Run-7 data, the benet of the HBD is apparert. The signal, as monitored
by the © Dalitz yield (with m < 150 MeV/ ¢?), remains basically unchanged, whereas
the combinatorial badkground is considerablyreduced,resulting in animprovemern of the
S/B ratio by almost an order of magnitude for massesvith m > 150 MeV/ c2.

3.5 Future Upgrades for Installation Beyond Run-9

The PHENIX BeamUseProposalis guided by the carefully structured, ongoingprogram
of upgrades.In particular, the requestis predicatedon making all necessaryneasuremets
in Au+Au with the HBD in Run-10. Following that, the HBD will be removed from its
data-taking position (alongwith the RXNP) in orderto install the VTX detector,together
with medanical infrastructure to support the FVTX.

A program of substartial upgradesto the PHENIX detector has been dewloped to
measurekey obsenableswhich are either inaccessibleat RHIC to date, or have beenmea-
suredonly with limited precisionand kinematic readh. The Muon Trigger, silicon certral
barrel vertex detector (VTX) and forward vertex detector (FVTX) are currently under
construction. Capability for forward calorimetry is neededto addresskey physics ques-
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Figure 9: Invariant mass spectra before (left panel) and after partial (middle panel)
badground rejection cuts on HBD data. The red points represemh the measuredunlike
sign pairs (U) and blue points the properly normalized combinatorial badkground (B)
derived from a mixed ewert technique. The signal, obtained from the subtraction U-B
after HBD rejection cuts, is shavn in the right panel.

tions, and conceptualdesignof a forward calorimeteroptimized for p+p andd+Au physics
is underway. We ervision that the detector will alsobe utilized in Au+Au collisions, but
occupancy considerationsmay result in only partial rapidity coverageor resolution in
certral Au+Au collisions. These major upgradesaddressobsenablesthat are critical
to advancing understandingin three physicsareasaccessibleat RHIC: high temperature
QCD via the heary ion program, the spin structure of the nucleon, and, thirdly, the
parton cortent of the nucleus,which can be determinedin \n ucleon"-nucleuscollisions.

3.5.1 VTX and FVTX

Precision tracking near the interaction vertex with highly segmeted silicon detectors
(VTX and FVTX) is being constructedto tag products from weak decgs of mesonscar-
rying heavy quarks (charm and bottom). The primary goal is to improve the signal to
badkground on thesemeasuremets, allow separationof charm and bottom, and provide
improved massresolution in the muon arms. The silicon detectorswill be usedin con-
junction with the electrontracks in the certral arms and muon tracks in the muon arms
to measuredisplacedverticesand tag leptons from heary mesonand quarkonium decgs.
The silicon detectorsalsowill provide the massresolutionrequiredto study the fate of dif-
ferert quarkoniain the partonic matter. The J= measuremets will be supplemered by

"and c to probethe extent of color screeningn the mediumformedat RHIC. It should
be noted that the VTX, having full azimuthal acceptanceand covering a pseudorapidiy
rangelarger than the PHENIX certral arms, substanially increasegshe PHENIX accep-
tance for hadronsat midrapidity. Stand-alonetracking software performancehasrecerily
beendemonstrated. Consequetly, the VTX will improve jet correlations measuremets
of various types.
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First measuremets at RHIC with \non-photonic" leptons shon that medium e ects
arelargeand heary avor seemdo equilibrate morerapidly than expected. This callsinto
guestionour understandingof the energylossmedanismin the dense hot mediumcreated
in Au-Au collisionsat RHIC, particularly the role of collisional energyloss. More detailed
experimertal data, particularly the fate of bottom quarks, are needed. Furthermore,
these new detector systemswill allow PHENIX to test predictions of recen theoretical
work utilizing the duality betweengravity and QCD-like eld theory known as AdS/CFT
correspndence. These calculations[2§shov how measuremets of heary avor energy
lossand ow can be usedto constrain fundameral parameterslike di usion lengths or
viscosily of the medium. The ratio of charm to bottom suppressioncan shov whether
perturbative QCD or AdS/CFT provide more appropriate descriptionsof the energyloss
medanism[27. In addition, heary avor measuremets add a new channel sensitive to
gluon spin cortributions to the elusive spin of the proton.

The VTX is supported by both the US (DOE) and Japanesefunding agencies.The
inner two layers of the VTX are two planesof pixel detectors,similar to those deweloped
in the ALICE experimert at LHC. The HBD and VTX/FVTX detectorsareall locatedin
the PHENIX certral regioninsidethe certral magnet. Their installation and operation are
tightly interlinked; in particular, it is not possiblefor the HBD and the silicon detectors
to co-existinside PHENIX. In summer2010the full certral barrel VTX detector (VTX)
will be completedand installed into PHENIX. We plan to usep+p collisionsin Run-11to
commissionthe VTX detector, and the subsequenfull energyAu+Au collisionsto utilize
the VTX in Run-11.

The FVTX forward silicon vertex detector endcapsare funded by the DOE, and con-
struction is currertly underway. We articipate that this new PHENIX subsystemwill be
installed in summer2011,in time for the 2012run. A partial installation and engineering
run may be possiblea year earlier. As the FVTX producesphysicsimpact by adding high
resolution tracking points for muons aheadof the hadron absorker, it is utilized together
with muon arm tracks. Consequetly, a partial installation and successfutommissioning
prior to the rst full run o ers an excellen possibility for rst physicsresults.

3.5.2 Muon Trigger

Measuremets of parity violating spin asymmetriesin W-production with the PHENIX
muon arms require a rst level muon trigger that selectshigh momerium muons, p >
10 GeV, and rejects the abundart muons from hadron decg, cosmicrays, and beam
badkgrounds. The existing muon trigger identi es muon candidatesbasedon their ability
to penetratea sandwid of steelabsorker and muon detector planes. Muonswith momerna
above p > 2 GeV are selected. The resulting trigger rejection factor varies from 200 <
R < 500,dependingon the (varying) beambadground levels. The muon trigger upgrade
introducestracking and timing information to the muontrigger processors.The additional
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information will increasethe muon trigger rejection by morethan a factor 30to R > 6000.

The PHENIX muon trigger upgradehastwo componerns: (I) new front-end electron-
ics for the muon tracking chambersto sendtracking information to new dedicatedmuon
trigger processors.This systemhas beendewloped, constructed and partially installed.
(IM) Two resistive plate chamber trigger detector stations, RPC-1 upstream and RPC-3
downstream, addedto eat muon spectrometer. The RPC stations will be usedboth for
tracking and timing and are basedon technology deweloped for the CMS muon trigger.
The timing information adds badground rejection power in 0 ine analysis, particularly
to remove tracks due to cosmicrays. Detailed Monte Carlo studieswith realistic detec-
tor resppnseand badkground simulations were carried out from 2006to 2008 and have
establishedthe feasibility of the trigger upgrade. RPC detector responseand electronics
performancewere establishedthrough a seriesof prototype tests.

For Run-9 the new muon tracker trigger electronicswas installed in the north muon
spectrometer and has been operating successfullyfrom the beginning of the 500 GeV
portion of the run. In the south, one half octant of the muon spectrometer was instru-
merted with the new trigger electronicsand, in the sameacceptancetwo full-size RPC
prototypeswere mourted. This setup allows a full systemtest of the new muon trigger
during Run-9.

The e ciency and noise performanceof the muon tracker front-end electronicsmea-
suredin Run-9 meetspeci cation; production of the remaining electronicsboardsfor the
south muon spectrometeris presetnly underway. The south muon tracker trigger electron-
icswill beinstalled in late summer2009,completing the muon tracker electronicsportion
of the trigger upgrade.

The two full-size RPC prototypes have beensuccessfullycommissionedand are rou-
tinely read out in the PHENIX data stream. RPC hits were matched successfullywith
muon tracks and initial results from timing, threshold and high voltage scansare avail-
able. All parts for the RPC-3 detector stations have arrived at BNL and the asserbly of
RPC-3 has beenstarted. It is estimated that the RPC-3 north station will be ready for
installation in August. RPC-3 south and RPC-1 detector stations will be completedby
the summerof 2010. The minimum con guration for the W-trigger in a PHENIX muon
spectrometerrequiresall muon tracker trigger electronicsand RPC-3. This con guration
will be available in the Fall of 2010in both North and South. At the highest RHIC
luminosities, RPC-1 must be in place.

The muon trigger upgradeis supported through grants from the JSPSin Japan(muon
tracker electronics)and the NSF (RPCs and trigger processors).The upgrade project is
carried out by a group of 91 PHENIX collaborators from 19institutions in the US, China,
Korea and Japan.

A 10 menber W-physicstaskforcewasformedin late 2008to carry out o ine analysis
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of the 500 GeV portion of Run-9. The taskforcewill provide feedba& on the detector
and upgrade performanceas well as analyzethe high pr inclusive electron signal in the
PHENIX certral arm.

3.5.3 DAQ/TRIGGER 2010

The strategy of PHENIX hasbeento optimize our data acquisition systemfor maximum
rate and designa trigger systemwith high rejection power and many parallel triggers.
Before Run-7, PHENIX was able to record every minimum bias Au+Au collision. In
Run-7 the Au+Au interaction rate readed 7 kHz, and PHENIX was able to record 80%
of interactions (in all certralities) without triggering on speci ¢ channelsor certrality.
This was achieved by sustaininga 5 kHz DAQ bandwidth and an archiving rate of 750
Mbytes/second. High rates are important becauseit is nearly impossibleto devisean
e ectivetrigger for low massdielectronsand low pr hadroncorrelations. In p+p collisions,
selective Level-1 triggers reducethe 200-400kHz interaction rates to about 6 kHz rate
of useful everts, which can be recordedwith a livetime of appraximately 90%. Thus we
have beenable to e ectively samplethe full luminosity for all rare channels.

Future RHIC runs promiseinteraction ratesof about 7 MHz for 500GeV p+p collisions
andnear3 MHz at 200GeV. Au+Au interaction rateswill read 40kHz at 200GeV, inside
a vertex cut of 30 cm, oncefull stochastic cooling is implemerted. Consequetly, our
previousstrategy of recordingnearly all minimum bias Au+Au interactions will not keep
pacewith the luminosity; selectiwe triggering at Level-1 will be required. Furthermore,
oncethe new silicon detectorsare added, the size of ead evert will increaseby a factor
of 1.7. Studiesare currerntly ongoingon how to increasethe rejection factors of existing
triggers on certral arm and muon arm information. It is already clear that the EM
calorimeter-basedtriggers will require sharpening the turn-on curves. Someof this may
be adievable by better gain-matding, but reworking the now 10-year old front end
electronicsto reduce noise and comparefully digitized data against thresholds is also
needed.

In addition, a number of small and medium scale upgradesto the data acquisition
systemwill be madein orderto maintain the evert rate with larger evernts. For example,
the certral data switch and modules providing data to it will be upgradedto 10 Gigabit
networking.

3.54 FOCAL

In order to pursue seeral critical physics measuremets in both spin and heary ion
physics, PHENIX must extend its coveragefor photons, °'s and jets to the forward ra-
pidity region. This will dramatically increasethe acceptancdor everts with a photon+jet

19



ortwo Osinthe nal state. In p+p and d+Au sud correlationsconstrain the kinematics
of the hard collision by measuringXg;jorken. FOCAL will extend measuremehof how low-
x gluonscortribute to the spin of the proton into a regioninaccessiblenith mid-rapidity
measuremets. In d+Au collisionsPHENIX will be able to probe the nuclear gluon dis-
tributions to lower x. This is critical to pinning down the initial conditionsin heavy ion
collisions,and of prime interest in its own right. Shadaving or gluon saturation in heavy
nuclei are under intensetheoretical discussion,and require high quality new data.

Transwerse spin studies also require forward calorimetry. For example, photon+ jet
correlations at forward rapidity will yield an asymmetry dominated by the quark Sivers
distribution. The Sivers e ect displays an interesting processdependence- the sign of
the asymmetry in polarized proton-proton collisions can be predicted in a kt-factorized
approad to QCD, while the magnitude can be estimated from measuremets in semi-
inclusive deep-inelasticscattering. Measuremets in PHENIX will provide a stringent
test of the currernt theoretical framework predicting this processdependence. Another
important transversespin measuremenis the Collins fragmertation function usingrecon-
structed jets and s. Finally, in Au+Au collisionsthe increasein statistics and rapidity
coveragefor high energyphotons, s and jets will make possiblea much more detailed
study of parton energyloss,and medium responsethan would otherwisebe available.

The proposedFOrward CALorimeter (FOCAL) is a novel, compactdevicecomposed
of tungsten absorker with silicon pad readout. The coveragewill be 1< j j<3and2 in
azimuth and 24 X, deep;it will be positionedon the front of the PHENIX muon magnets.
The readout of the padsin three layerswill allow the longitudinal, aswell asthe lateral,
pro le of showersto be usedto reject hadronic badkground. In orderidentify photonsand

s to high energy layersof high resolution silicon strip detectorsare insertedwithin the
rst seweral radiation lengths. FOCAL will be able to reconstructthe © invariant mass
to an energyof about 60 GeV.

The FOCAL iscurrertly beingdesignedwith abeamtest of key componerts sdheduled
for summer 2009. Construction of the FOCAL will take two years, with installation
plannedin summer2012.

4 Discoveries and Future Goals of the Heavy lon Pro-
gram

Heavy ion collisionsat RHIC have produced striking - and very surprising - results. A
dense,hot, collectively owing medium is created, which is extremely opaqueto quarks
and gluonstraversingit. In our White Paper, PHENIX laid out the evidencethat this
medium is partonic, not hadronic, in nature[28]. Discoveries since that was published
further strengthenthis conclusion.
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4.1 Opacity, Collectiv e Flow, and Physics of the Perfect Fluid

PHENIX hasshown that even charm quarks are e ectively stopped by the medium, and
that they participate in the collective ow alongwith ewerything else[29. We have made
greatstridesin quarntifying the energylossby constrainingvariousenergylossmodelswith

high quality data[3(. The outcome of thesestudieshas sparked an enormousamourt of
theoretical work and debatein the eld. It hasprovendicult, though perhapsnot im-

possible,to reproducethe obsenedlight and heary hadron suppressiorusing perturbative
descriptionsof the energyloss. Howeer the alternate extreme of very strong coupling is
neither clearly required nor ruled out by the existing data. The role of collisional energy
lossis under active study, and a uni ed picture that candescrile the mass,certralit y, pr,

reaction plane, and beam energydependenceof parton energylosshasyet to be discor-

ered. Progresson this questionrequirestheoretical e ort, but alsohigh precisiondata on
light hadron and heary avor suppressionat the highest pr, the reaction plane depen-
denceof energyloss,separatedetermination of charm and bottom energyloss,and direct
photon-hadron correlation data to probe directly the medium e ect upon fragmerntation

functions. We have begunto publish rst results on many of these questions,and the
neededprecisionmeasuremets drive the PHENIX upgradeplan.

Another key question is under what conditions of temperature and baryochemical
potertial theseremarkable properties exist. This motivates an energy scanin a range
betweentop SPSand top RHIC energy

arXiv:0801.4555[3]Lshoved the resultsof a rst energyscanto seart for the onsetof
jet quending in the hot, densemedium createdin heavy ion collisions. The seartt was
done by measuringthe nuclear modi cation factor Raa , which is the ratio of yield in ion
collisionscomparedto that expectedfrom the commensuratenumber of p+p collisions,of
O's at sewral energies.Figure 10 shavs that, in Cu+Cu collisions,strong jet quending
(i.e. suppressionof high momertum particle production) is obsened in 200 and 62.4
GeV per nucleon pair collisions, but there is no suppressionat 22.4 GeV. The presence
of nuclei actually enhancesparticle production. This enhancemety the \Cronin e ect"
long known in collisionsat se\eral tens of GeV, may mask the presenceof someenergy
lossof quarksand gluonsin 22.4GeV heavy ion collisions. Howewer, the obsened change
from strong suppressionto no suppressiorclearly showvs that the large opacity of the hot,
densemedium of quarks and gluonsdiscoveredat RHIC hasan onsetsomewherébetween
22.4 and 62.4 GeV per nucleon pair collision energy Pinpointing at which energy jet
suppressionrst occurswill indicate the conditions required for formation of the \p erfect
uid".

While measuremenof Raa Of neutral pionsat high pr will addressthis question,wour
goalis to collect su cient data to determine other properties of the medium simultane-
ously Utilization of the HBD to reject combinatorial badkground in dielectronswill allow
PHENIX to measurethe temperature of the medium, via analysisof low mass,high pr

21



m\/s,, =224 GeV
O \/s, = 62.4 GeV
®\/s,,, =200 GeV ]
[ Vitev, 22.4 GeV, 130 < dN %/dy < 185 |
[ Vitev, 62.4 GeV, 175 < dN %/dy < 255
(] Vitev, 200 GeV, 255 < dN %/dy < 370

T T T T
[~ Vitev,\s, =22.4 Gek/,
[~ no energy logs

RAA

Cu+Cu, 0-10% most central

—e—
—Q—
—0—
—e—
——
—@

H
T 17T ‘ T 17T ' T T 1771 ‘ T T 171 | T T
——m:
|

0 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1
15
P, (GeVl/c)

Figure 10: Measured ° Raa asa function of pr for the 0  10% most certral Cu+Cu
collisionsat = Syny = 224;624;200 GeV in comparisonto a jet quending calculation
[32]. The error bars represeh the quadratic sum of the statistical uncertainties and the
point-to-p oint uncorrelated and correlated systematic uncertainties. The boxes around
unity indicate uncertainties related to Ny i and absolute normalization. The bands
for the theory calculation correspnd to the assumedrange of the initial gluon density
dN 9=dy. The thin solid line is a calculation without parton energylossfor certral Cu+Cu
at P syn = 224 GeV.

dileptons from internal corversion of direct photons, similarly to what was donein 200
GeV Au+Au[22]. The dilepton data, particularly with the improved signal/badkground
a orded by the HBD, are alsosensitive to the medium modi cation of hadronsexpected
from chiral symmetry restoration. It should be noted that the chiral condensateis one
of the few, perhapsewen the only, known order parametersin the QCD phasetransition.
Consequetly, PHENIX proposesto provide data on this aspart of the initial energyscan
while the HBD is available.

It isimportant to measureat the sametime the eIIiIB)tic o w of pions, kaonsand protons
to seewhether v, saturation, shavn to hold for high * s collisionsin Figure 11, setsin at
the samepoint. The magnitude of v,, alongwith its certralit y and pr dependenceare the
main obsenableswhich constrain hydrodynamics calculations (we note that hadron pr
spectra are alsoimportant, but they do not posea signi cant running time requiremert
comparedto elliptic ow measuremets). Comparisonof 3-d hydro calculations,espgecially
the trends with certrality and pr are important to extracting the viscosily to entropy
ratio, =sfrom the data, utilizing the newapproades,codes,and results being deweloped
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Figure 11: v, of chargedhadronsat two valuesof pr, asa function of P Snn [33]. Results
are shawvn for collision certralit y of 13%to 26%.

by theorists in the TECHQM collaboration. Hydrodynamics calculations constrainedto
reproduce the bulk matter ow are also of key importance to extraction of the initial
temperature of the perfect uid from the obsened photon spectrum.[22

At the decon nemen phasetransition, =s has beenpredicted to have a minimum
value.[34]Sud behavior is not only expectedat T, in QCD, but is obsened near quan-
tum critical points in other systemssud asstrongly coupledelectromagneticplasmas[35]
and condensedmatter systemsnear a quartum critical point, where near-ideal uids of
electronsare seen[36 37]. It is natural to ask how the decon nemen phasetransition
producing minimum =s at T. relatesto uid properties at quartum critical endpoints,
sud as the critical end point predicted to lie betweena rst and secondorder phase
transition[38]. While they are not in the sameplace on the phasediagram, it is clear
that quartum e ects are important at both kinds of critical point in QCD, and the be-
havior of =srequiresmore theoretical work. Howeer, it is very clear that high quality
experimertal data on bulk ows is needed,alongwith temperature information to locate
it on the phasediagram. Below the critical end point, the quark number scaling of v,
may be broken, motivating study of baryon and meson o w separately This goalis a key
ingrediert in our beamuseproposal,asdetailed belon. Careful comparisonto viscous3-d
hydrodynamics calculations will allow extraction of the shearviscosily to entropy ratio,

=s.

Seardningdor the onset of opacity requires baselinemeasuremen of p+p collisions
at the same™ s, and ultimately also d+Au collisionsto measurethe Cronin e ect to
extract the magnitude of the jet suppression.We proposemeasuremenof p+p collisions
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Figure 12: Spectrum of non-photonicelectronsin minimum bias Au+Au collisionsat 62.4
GeV, comparedto p+p collisionsat top ISR energy

at 22.4 GeV in 2010in order to allow interpolation at energiesbetween 22.4 and 62.4
GeV, using the prescription deweloped by d'Enterria[39]. We ernvision a later requestfor
d+Au comparisonrunning.

4.2 Heavy Quark Energy Loss

It isimportant to determineexperimertally whetherthe opacity to heary quarksobsened
in 200GeV Au+Au collisionssetsin at the samepoint asopacity to light quarks. Answer-
ing this questionrequiresmeasuremen of non-photonic electronRaa alongwith  © Raa
and v, of sewral additional speciesof identi ed hadrons. Preliminary PHENIX results
for charm production via semi-leptonicdeca to electrons,shavn in Figure 12 indicates
that at 62.4GeV, Raa for charmis near1, cortrary to data at higher collision energyand
cortrary to Raa obsenedfor ©°. This providesa rst hint, alb%'t with large uncertainty,
that the onsetof opacity for charm quarks may be at a higher = s than for light quarks.
We requestsu cient running at 62.4GeV to determine whether Raa is indeedequal or
nearto 1.

We have usedthe energylossand collective o w of charm quarksto provide constrairts
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on the viscosily to ertropy ratio =S, independenly of comparing light hadron ow to
hydrodynamic calculations. The conclusionsare limited by the statistical precisionof the
measuremen of single electronsfrom non-photonic sources.As can be seenin the right
panel of Figure 4 above, the improved reaction plane resolution of the RXNP detector
and the higher statistics of Run-7 provide a substartial improvemen upon the Run-4
result. Newertheless,a substartially higher statistics obtained by conbining Run-7 and
Run-10arecrucial to decreasehe uncertairties. Beginningin 2011,the VTX detectorwill
provide charm and bottom separation, allowing PHENIX to determine whether bottom
guarks also experiencesigni cant energylossand drag in the produced medium; currert
expectations are for thesevery heary quarksto be poorly stopped by the medium. The
luminosity increasedue to stochastic cooling, alongwith the new capabilities with vertex
detectors, are alsokey to addressingthis question.

4.3 Low Mass Dileptons and Thermal Radiation
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Figure 13: The Run-4 PHENIX minimum bias dielectronyield asa function of invariant
mass. Vertical linesrepresenm statistical errorsand gray boxesrepreseh systematicerrors.

Di-electron measuremets in Run-4 Au+Au and Run-5 p+p have shovn remarkable
features. A large excesss obsened at small invariant mass;this is visible as a \bump"
above the solid line indicating di-electronsfrom hadronic sourcesin Figure 13. No excess
is obsened in p+p collisionsat the sameenergy The excessn Au+Au exceedghat in
lower energy collisionsat CERN, and there is considerablediscussionabout its source.
While the lower energyresult is generallyinterpreted as a medium modi cation of the
mesonspectral function, the hadron gasphaseof the collision is usually expectedto be
lessdominart at RHIC energy The certralit y and pr dependenceof the excessare under
study, but the large conbinatorial badkground causessubstartial statistical uncertairties
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resulting from the subtraction of two large numbers. The systematic errors are large
as well, due to uncertairties in normalization of the combinatorial background. Conse-
guertly, the Run-4 data lack the precisionrequired for ne binning in mass,and provide
for only limited sensitivity to expected modi cations of spectral functions. Rather than
a singlebin at the ! peak, sewral-fold ner binning is needed.A four-fold improvemen
requires a data set with e ectively 16 times more statistical and systematic precision.
This will alsoallow usto quartify the certrality and pr dependenceof the excess.

At low massand high pr, di-electronsare producedby the samemedanism as direct
photons. The pr spectrum of di-electronsabove 1 GeV/c pr has a shape characteristic
of a sum of pQCD direct photonsat high pr and direct photon \in ternal" corversionsat
moderate pr. PHENIX has submitted a paper analyzing the photons as emissionfrom
a thermal source. An initial collision temperature in the range of approximately 300-600
MeV is inferred from the data by comparisonto hydrodynamical models which predict
photon spectra matching the data. The rangein Tj,; arisesdueto di erent assumptions
about the thermalization time. Howeer, there is a strong correlation betweenvalues of
Tinit VS. that resultin photon spectra that reproducethe obsened spectrum. Improved
data are crucial both for better precisionon T,y from better discriminating power among
models, and alsoto determinethe certralit y dependenceof the initial temperature. This
measuremen must be donein Run-10while the improved signalto badkground from the
HBD is available.

Successfubperation of the HBD o ers a uniqueopportunity for dilepton measuremets
at energiesthat have newer beenstudied before. An energyscanbetweenthe top RHIC
energyand top SPSenergywill allow measuremen of the dielectron spectrum and also
the direct photon spectrum via internal corversionsat 62.4and 39 GeV. As demonstrated
below, PHENIX can make completely new measuremets in this energyregime. These
measuremets will help to pin down the ewlution of Ti;; as well as hadron medium
modi cation signalsin concertwith the opacity onsetseara.

4.4 Color screening and quark onia

PHENIX has showvn that, as predicted, J= are suppressedat RHIC. Surprisingly, the
suppressionis not extremely di erent from that obsened at the SPSat certer of mass
energy an order of magnitude lower. New preliminary results from PHENIX indicate
that is alsosuppressedat RHIC, seeFigure 14. From the Run-7 data PHENIX has
extracted a 90% con dence level upper limit of 0.64on  suppression.While this value
may be consistem with what should be expectedgiven cortributions of the 2S+3Sstates,
feeddavn from | and cold nuclear matter e ects, additional data are required for a
precisiondetermination of Raa .

A certral questionabout quarkonia suppressions its pr dependencefor J= . There
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Figure 14: Upsilon production in p+ p and suppressionn Au+Au collisions.

are se\eral predictions of the high pr behavior of J= suppressionwith di erent theoret-

ical descriptionspredicting opposite trends. Furthermore, there are di erent conclusions
drawn from PHENIX Cu+Cu and p+p data, and a recent STAR analysisusing a com-
bination of STAR and PHENIX data for di erent systems.High quality measuremenin

Au+Au will sort theseout.

J= suppressionat forward rapidity is found to exceedthat at midrapidity. As these
resultsrun courter to expectations from color screeningin the medium, there is tremen-
dous theoretical work ongoingto understand them. One possible explanation is that
marny of the obsened J= 's are not in fact primordial, but are regeneratedby nal state
coalescencef charm and anti-charm quarks which have beencaugh up and scranbled
by the medium. This hypothesiscan be cheded by measuringthe elliptic ow of the J=
which requiresa very substartial amourt of data. An alternative is that, cortrary to sim-
ple expectations, cold-nuclear matter (CNM) e ects are strongerin Au+Au at forward
rapidity than at mid rapidity in nucleus-nucleuscollisions.

All of these motivate additional high quality, high statistics Au+Au data samples.
PHENIX can make de nitiv e measuremets addressingthe rst two questionsin Run-10.
the J= ow can be determined by conbining the requested200 GeV Au+Au data in
Run-10 and Run-11 with the existing, but asyet inconclusiwe, J= v, data from Run-7.

4.5 -Jet and Reconstructed Jet Prob es

Jetsresulting from hard scatteredpartonstraversingthe hot, densepartonic medium have
proven to be extremely informative probesof the medium. While single hadron suppres-
sion and dihadron correlations have been studied extensiwely already, PHENIX is now
pursuing a more ambitious program using rarer processeslin particular we are interested
in -jet correlationsand fully reconstructedjets. Jets correlatedwith a direct photon have
long beenconsidereda \golden channel" for probing the quark gluon plasma. Following
the discovery of jet suppressionand medium modi cation, it has becomecompelling to
acceptthe challengeof reconstructing jets in the high multiplicit y ervironment of heavy
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ion collisions.

PHENIX has measured g ot-j€t correlationsby unfolding gecay-h correlations from

incl usive-N. The measuremen allows useof QCD Compton scattering to produce energy
tagged jets, with rates and distribution calculablein QCD, as probes of the hot, dense
medium. Using the photon energyto give the energyof the opposingjet allows a direct
measuremen of the jet fragmertation function. Figure 1 above shows the resulting frag-
mertation functions in p+p and certral Au+Au collisions. While it is clear to the eye
that the presenceof the medium producesa steeger fragmertation function, the statisti-
cal uncertainties make it di cult to quartify the e ect with any precision. It is clearly
necessarnyto collect more data on this channelin both p+p and heavy ion collisions.
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Figure 15: pr spectrum of reconstructedjets in p+p collisions,comparedto seeral cal-
culations and to measuremets by STAR.

Although PHENIX is sometimesreferredto as a \limited acceptance"experimen,
in fact the acceptanceis not small at all. Jets are fully cortained in a certral arm,
allowing useof measuredtracks and energyclustersin the EM calorimeterto reconstruct
the energycortained in jets. We usea Gaussian Iter algorithm, which is seedlessand
cone-like, but without infrared and collinear unsafeyy from a hard angular cut-o. The
Iter shape is chosento optimize the signal-to-badkground by focusing on the core of
the jet and stabilizing the jet axis in the presenceof badkground. Figure 15 shows the
reconstructedjet energyspectrum in p+p collisions. The obsened distribution compares
well to expectations from pQCD and PYTHIA, aswell asto the spectrum measuredby
STAR. The samealgorithm has been applied in Cu+Cu collisions, along with seeral
ways of removing the underlying event badkground and cortrolling for ewen-to-even
uctuations in this badkground. Figure 16 shavsthe azimuthal openingangledistribution
of reconstructedjet pairs in Cu+Cu. A clear signature of badk-to-bad jet production is
obsened, however, the statistical error bars are large.
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Figure 16: Azimuthal openingangleof reconstructedjets in Cu+Cu collisionsat di erent
certralities.

Ultimately we would like to study the reaction plane dependenceof photon-tagged
and reconstructedjets in order to perform true tomography with thesesensitive probes.
Of course,this requiresconsiderablylarger statistics than have beenavailable to date.

4.6 Search for the QCD Ciritical End Point

As the results from RHIC indicate that the medium is partonic, rather than hadronic,
mapping the QCD phasediagram s key to elucidating the nature of the phasetransition.
There have been predictions from lattice QCD of the existenceof a critical end point,
wherea rst order phasetransition betweena hadron gasand quark gluon plasmaturns
into a more subtle \crossover." This endpoint is predicted to lie at relatively low values
of the baryon chemical potential, g, though how low dependson the details of the cal-
culation. There have beenseeral workshopsaround the world certered upon deweloping
approatesfor sud a seartr. Theoretical expectations for the critical point suggestit
will be found when the baryon chemical potertial is in_the range150< g < 500MeV.
This correspndsto collision energiesn the range5< * s < 30 GeV. Rajagopal suggests
that it is not necessaryto be particularly closeto the critical point to be sensitie to it,
although other authors disagree. Rajagopal suggestsan energy scanin stepsof 50-100
MeV in baryochemical potertial.

Many signatureshave beenproposedto helpidertify the approad to the critical point.
We will discussbelow the running conditionsrequiredto measuretheseobsenables. They
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Table 2: Relationship between baryon chemical potential and certer of masscollision
energy

=

B Y SuN
550 5
470 6.3
410 7.6
380 8.8
300 12.3
220 18
150 28
75 60

vary in complexity and rate, and thus have very di erent running time requiremens.

Fentoscopy providestoolsto measurevarious spatio-temporal dimensionsof the hot,
denseregion. Measuremets at top RHIC energy by PHENIX have revealed extended
non-gaussiartails in the sourcefunction. Thesetails have beenshavn to be sensitiwe to
emissiontime. Increasedemissiontimes, as expected for a rst order phasetransition,
may result in an increasedtail in the 1-D sourcefunctions. In addition, a secondorder
phasetransition may also be re ected in non-gaussianLevy like shapes of the ssource
function.

The obsenation of critical opalescencevould be a clear signature of a QCD Critical
Point. Optical opacity is afunction of nuclearmodi cation factor andthe distancecovered
by the attenuated jet in the medium. An excitation function of Ry, may allow for a
determination of the maximum of opacity asa function of colliding energyand certralit y.
Azimuthally sensitive HBT measuremets allow directionally dependen studiesof spatial
dimensions,that add valuable information to directional dependert Rya measuremets.
Clearly, the seard for sudh a signalis limited to collision energiesvherethe crosssections
of jet probesare large enoughto producethe probesat a measurablerate. Furthermore,
the data samplemust be large enoughto allow measuremenof reaction plane dependence
of both Raa and HBT.

A number of predicted critical point signaturesinvolve non-statistical uctuations in
guartities sud as ewert multiplicit y, meantransversemomerium, K= ratio, and mul-
tiplicit y uctuations in the longitudinal direction. While sud uctuations are expected
as one approadesthe critical point, a gumber have beeninvestigated at the SPS and
found to be featurelessas a function of = s. Howewer longitudinal correlationsremain of
interest as PHENIX has obsened a feature in semi-geripheral Au+Au collisions at full
energy[24. Density uctuations at the critical point may make it di cult to transport
momertum over large distances,thereby decreasing =s. Sensitivity to this, howeer,
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requires more than simply measuringthe presenceof uctuations. The strength of the
uctuations must be determined,with su cient theoretical guidancein hand to translate
the obsenable into a measureof the correlation length. Other systemsnear quartum
critical points exhibit uctuations over temperature and density scalesthat vary greatly.
Arriv al at the critical point is signaledby the onsetof extremely long-rangecorrelations.
Critical exponerts persistwell past the density correspnding the quartum critical point
in sudh systems.Further dewelopmen of approadesat RHIC, particularly giventhe small
systemsize,short life, and time integral nature of the obsenables,will be important for
the succes®f a credible critical endpoint seard.

Identi ed particle spectra are usefultoolsto characterizethe hadron gasphaseof the
collision. The measuremen of identi ed particle ratios, including K= and proton-to-
antiproton ratios are necessaryto measurethe location of the systemon the QCD phase
diagram. In addition, the measuremeh of proton-to-antiproton ratios may sere as an
additional signalfor the presenceof the critical point if the QCD critical point senesasan
attractor of hydrodynamictrajectoriesin the ,, T planedescribingthe expansionof the
hot matter. With the addition of a new start-time detectorwith acceptanceoptimized for
low energyenergycollisions, measuremets of identi ed particle ratios will be accessible
to PHENIX at collision energiesbelov 17 GeV. From the hadron ratios and spectra, the
freeze-outtemperature and radial o w of the hadrons,which re ect the expansionvelocity
can be extracted.

4.7 Pro jected Physics Performance
4.7.1 Low Mass dileptons with HBD in Run-10

The e ectivenessof the HBD in distinguishing closely separatedelectron pairs from iso-
lated single electronshas beendemonstratedin initial analysisof the Run-9 p+p data.
20 photo-electronare obsened in the HBD for eat electrontraversingit.

Figure 13showsthat the existing resultsfor low massdielectronsare limited by system-
atic uncertainties[4J. Theseare dominated by the uncertainty in normalizing the large
combinatorial badkground. The HBD will reducethis conbinatorial badground, thereby
reducing both the systematic and statistical errors. To quantify the expected e ect, we
de ne an e ective signal size, S¢;s as the number of signal courts in a badkground-free
measurementhat would have the samerelative error bar asour nal measuremen We
usethis quartity in order to put together the various e ects of the HBD. While rejection
of double electronsin the HBD improvesthe badkground, placemen of the single-double
cut also a ects the e ciency of tagging single electrons(the signal). Furthermore, the
HBD introducesmaterial into the PHENIX acceptanceand so producesan additional
badkground. Sy quarti es these competing e ects, and allows comparisonof the ex-
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pectedperformanceto that obsenedin PHENIX in Run-4 with no HBD. The expression
below shavs how this e ectiv e signal sizedependsupon the signaland badkground terms:
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Simulated signal and badkground were generatedusing an electron cocktail tuned to
PHENIX measuremets. The HBD performancewas simulated for two extreme cases:
() accourting only for HBD-based single- double separation, (ii) accourting for both
single-doubleseparation and increasedpurity of the electron sample due to additional
electon-ID from the HBD. Analysis of Run-7 and Run-9 data indicate that the actual
HBD performancelies betweenthesetwo extremes.

Figure 17: The ratio of the e ective signal with the HBD over that without an HBD is
showvn as a function of the raw photo- electronyield. The left panel assumeso bene t
from additional electron- ID using the HBD. The right panel assumesthe theoretical
maximum additional electron ID in the HBD. The di erent synbols shov performance
with di erent cuts to separatesingle from double electrons;the cut e ect is quarti ed

via the single electronsignal retertion performance.The HBD in Run-9 yields 20 photo-
electronsand electronidenti cation performancein betweenthesetwo extremes.

Figure 17 shaws the ratio of e ective signalwith an HBD to that of baselinePHENIX
without the HBD, as a function of the number of photoelectronsdetected by the HBD.
The e ective signal is calculated without (left panel) and with (right panel) accouring
for HBD elD performance. The range of the plot extendsfrom belov the Run-7 result
(14 photo-electrons)to the ideal performance(36 photo-electrons). The three curveson
ead sidecorrespnd to di erent cut valuesseparatingsinglefrom double electrons. They
crossone another becauseSgss dependsboth on the signallevel, S, and, with a di erent
functional form, on the badground level, BG. With the obsened HBD responseof 20
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photo-electrons,we expect an improvemert in e ective S/B by at leasta factor of 8, and
more likely nearerto 16.

Figure 18 shows the ratio of the e ective statistics of dielectronsin the low mass
region as a function of the length of AuAu running time, f. Heref is the ratio of Run-10
integrated luminosity to that of Run-4. For a physicsrun collecting integrated luminosity
comparableto that of Run-7 (i.e. 0.8 nb ! recorded),the e ective statistics of the low
massdielectron measuremenwould be increasedby a factor of 22 over the existing Run-
4 result. This estimate assumesno improvemer in photoelectron performanceand no
benet from electron ID in the HBD; with anticipated performanceimprovemers the
e ectiv e statistics ratio is likely to increaseover Run-4 by a factor closerto 52. Thus, a
Au+Au run appraximately equivalert to Run-7 with the HBD in placewould reducethe
overall error of the dielectronmeasuremets by a factor of appraximately 7. Our requested
integrated luminosity is closerto twice that collectedin Run-7, sothe improvemen will
be better. This will allow study of the mass, pr, and certrality of the large low mass
exces®bsened by PHENIX. Collecting this data setin Run-10will achieve the dielectron
measuremen for which the HBD was built.

Figure 18: The e ective signal relative to that in Run-4 is plotted as a function of the
ratio of Run-10integrated luminosity divided by Run-4 integrated luminosity. Note that
the HBD responsemeasuredin Run-9 is 20 photoelectrons.

Figure 19 shows the NéGO measuremen of the spectral function of the mesonin
certral In+In collisionsat = s = 17 GeV per nucleonpair[41]; 25 MeV/c 2 massbins allow
determination of the shape of the distribution. Thesedata have beenusedto challenge
marny of the modelsof in-medium broadeningat the density and temperature acieved
in full energycollisionsat the SPS.It is imperative to constrain those explanations by
comparisonto broadeningand possiblemassshifts in the much hotter, initially partonic,
medium at RHIC. This measuremenis an essetial ingrediert to separatinge ects of the
hot hadron gasfrom partonic e ects at RHIC. Comparisonof this plot to Figure 9 shows
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Figure 19: spectral function measuremen at by NAGO at P s = 17 GeV[4] compared
to seweral theoretical models. Note the massbin sizeof 25 MeV/c?.

that such an analysiswould be impossiblein PHENIX without the badkground rejection
from the HBD. Howewer, with a factor of appraximately 8 improvemen in total error, the

PHENIX measuremen of the spectral function would have similar error bars to those of
NAG60 in similarly ne bins.

Figure 20: Simulated low-massdielectroncocktails (signaland conbinatorial badkground)
for 50 million Au+Au collisionsat 17.2GeV (left) without the HBD and (right) with the
HBD installed in PHENIX. The boxesin the left plot indicate the systematicuncertairty.
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Running at 62.4 and 39 GeV in Run-10 with the proposedintegrated luminosities
will allow dielectron measuremets in a region that has newver beenstudied before. The
low massdilepton excessobsened by PHENIX seemsto have di erent characteristics
from the one obsened at the SPS. It is not reproduced by the models that descrite
the SPSresults. Thesetwo facts could indicate that a di erent sourceis at the origin
of the excessat the top RHIC energy and therefore a study of the dilepton spectrum
from top SPSenergyto top RHIC energy will be very interesting to study theponset
of this new source. The size of the required evert sample varies strongly with = s, as
the combinatorial badkground scalesas the squareof the multiplicit y. Figure 20 is the
result of a simulation of the dielectronspectrum in 50 million Au+Au ewerts at 17.2GeV.
Comparing the right and left panelsillustrates that without the HBD, many more than
50 million ewents arerequiredfor a measuremenof the dielectron spectrum, owing to the
large badkground. With the improvemen in S/B a orded by the HBD, the error bars
decreasesubstartially. Even so, 50 million ewerts are an absolute minimum samplefor a
\rst look" type measuremen Unfortunately, the collisionsrates predictedat this energy
are solow asto precludecollection of a data set of this magnitude at 17 GeV. Howe\er,
given the knowledgefrom the SPS,it is the intermediate energieswhich are of interest.
Fortunately, the collision rates increaseas E?, so it is possibleto 350 million ewerts at
62.4GeV and 50 million at 39 GeV.

4.7.2 Heavy Flavor in Run-10

One of the exciting results from Run-7 is the rst obsenation of suppressionn heavy
ion collisions. Howewer, the result has su ciently poor statistics that only an upper
limit on Raa can be made. One of the major goalsin the near future is to improve this
measuremen and understandwhether the obsened  suppressions from feeddavn and
cold nuclear matter absorption, or whetherthe hot, densepartonic matter alsosuppresses
s. Under the assumptionthat we will collect twice the Run-7 Au+Au data setin Run-
10, and three times the Run-6 p+p referencesamplein the ongoingRun-9 (combining it
with Run-6, if needed),Raa can be measuredwith a 10% statistical uncertainty. This
estimate usesthe most probable value from Run-7. Figure 21 shows the narrowing of the
Raa probability distribution expected from the Run-10 data; this will allow assigninga
value for Raa .

Run-10will allow a substartial improvemert in the measuremenof openheary avor
ow. Figure 22 indicatesthe expected uncertairties. The measuremenwill nally reat
the quality required for good discriminating power amongmodels of heary quark energy
loss.

We will seart for evidenceof heary quark reconbination to produce J= at free-
zout, which would mask suppressionby the color screeningearly in the collision. This
is accomplishedby measuringthe J= elliptic ow. This requiresa substartially larger
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Figure 21: The probability for Raa of  from Run-7 Au+Au which yields a 90% C.L.

upper limit of 0.64 (yellow), and a projection of the accuracy obtained by addition of
Run-10with twice the integrated luminosity (green).

Figure 22: Projected probability distribution for in Run-10, green,comparedto that
measuredin Run-7 (yellow).

Au+Au data set than was taken in Run-7. Figure 23 shaws a preliminary result from
appraximately half of the Run-7 dataonJ= ! e*e . Clearly the data asyet lack the
required statistical precision. Figure 24 shows the quality of the measuremen expected
from a data settwicethat of Run-7; the resulting measuremenwill not have small enough
errors to de nitiv ely prove or rule out J= ow. this will be achieved by combining the
Run-7 result, with those of the planned Run-10and Run-11 Au+Au samples.
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Figure 23: Preliminary analysisof Run-7 data on ow of J= detectedin the e"e and
T channels. The plot cortains appraximately half of the data.

Figure 24: Projected sensitivity to J= Vv, in Run-7 + Run-10 data setsconbined.

47.3 Jet Prob esin Run-10

As shavn above, PHENIX hasmade rst measuremets in the -jet channelin Run-4 and
Run-7. It is clear that the statistical uncertainties from those runs remain prohibitiv ely
large. Howewer, the proposedAu+Au running in Run-10, when conbined with the ex-
isting Run-7 results, will provide discriminating power betweendi erent medanismsfor
medium-inducedenergyloss. Figure 25 shows the projected performancefor this mea-
suremen. We measurethe conditional yield (per-trigger yield) of hadronsas a function
of pr, asseiated on the away side of direct photon triggers in both p+p and in certral
Au+Au collisions. The gure shows the ratio of Au+Au to p+p yields, I aa, for di erent
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energy direct photon triggers in the four panels. The ratios are plotted as function of
zr = phadon=p. . For direct photon triggers, this is a plot of the medium modi cation of
the jet fragmertation function. The three di erent curvesare from three di erent theo-
retical calculationsincorporating di erent treatments of the energylossmedtanism. The
blue band, which hasthe weakest dependenceupon zy, shaw a calculation from Renk[42]
which follows the in-medium showver ewlution, averagingover the hydrodynamic expan-
sion of the medium. The triplet of thin black curvesshow the results of a NLO pQCD
calculation of the medium-induced energy loss[43];the radiated gluons induced by the
medium add low z; particles in the jet cone,and soretain a correlation with the trigger
photon direction. The solid bladk line shaws a calculation usinga Modi ed LeadingLog-
arithm algorithm[44], which enhanceshe gluon splitting and producesa larger number
of soft hadrons.

Figure 25: Projected | pa sensitivity in Run-10. Data are Run-7 points, with error bars
scaledfor Run-7+Run-10 statistics. Seetext for description of theoretical curves.

While the Run-7 statistics areinsu cien t to determinewhich setof assumptionsabout
the medium e ect are correct, the data to be collectedin Run-10will distinguish among
the available models.
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4.7.4 Search for perfect liquid onset between 22 and 62.4 GeV

For PHENIX, measuringthe excitation function of Raa is of paramourt importance in
an energyscan. The exact conditions (energy systemsize) where parton energylosssets
in will have major constraining power on theory - the more so becausethese conditions
should be di erent for light and heary quarks. Although an Raa measuremen up to
the minimum acceptablepr requireshigh statistics, the relevant energyrangeis mostly
above RHIC injection energy where the rates collision rates remain reasonable. The
requiremen of signi cant statistics is particularly relevant for electronsfrom heavy-quark
decys, where 62.4 and 100 GeV have beenidertied asthe most promising energies.
The measuremets will require p+p referencedata. In addition, d+Au data at the same
energy points would be highly desirableto constrain cold nuclear matter e ects. We
note that while Raa is probably not sensitive to the critical endpoint per sg if \critical
opalescence'exists it is one of the key obsenables of a critical endpoint. Accordingly,
our expectation is a relatively smaoth excitation function, and we baseour estimatesof
required statistics accordingly and require lessthan 10 or 15% statistical error. Should
critical opalescencéndeedappear, it would causean anomaly in the excitation function
(energy losssuddenly becomingvery large at the critical point) which would be easyto
seeeven with lower statistics or at lower energies.
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Figure 26: Evens necessaryto measure0 RAA with given statistical error up to 3.5and
5 GeV/c transversemomerna

Figure 26 illustrates the dependenceof the statistical error on Raa at 3.5and5 GeV/c

pr in Au+Au collisionsat di erent energieB.What is plotted is the statistical error on

0 vs. the number of ewerts in collisionsat ~ s = 17,22, 27 and 39 GeV. Note that the

systematicerror is expectedto be about 10%,therefore,decreasingstatistical error below
10% provides no real improvemer on the measuremen

The measuremenof heavy-quark energylosswill providescrucial information in addi-
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tion to the light-mesonRas measuremets. The large massof the charm quark introduces
a new scale. PHENIX discoveredthat the Raa Of electronsfrom heavy- a vor decygs in-
dicates similar energylossto light quark or gluon jets. Sincethis cannot be explained
via induced gluon radiation alone, sudy measuremets provide crucial information to pin
down the energylossmedanism(s).

Figure 27: Left: Single non-photonic electron spectrum measuredby PHENIX in 62.4
GeV Au+Au collisions. The comparisonpoints are from seeral di erent measuremets
at the ISR. Right:Projected spectrum from Run-10.

Preliminary PHENIX results for non-photonic electrons, shovn in the left panel of
Figure 27 suggestthat at 62.4GeV R for chaIBm is consistem with unity, indicating an
onsetof opacity to charm quarksat a di er ent = s than to light quarks and gluons. The
preliminary PHENIX result at 62.4 GeV is not conclusive due to statistical limitations
of lessthan 30 million minimum bias Au+Au ewens. Reading pr 5 GeV/c requires
about a factor of ten more statistics, i.e. about 300 million ewverts without and about 50
million ewverts with the photon corverter installed at 62.4GeV. This is the driver for our
running time requestat 62.4 GeV. The expected spectrum is shovn in the right panel
of Figure 27. Under the assumptionthat the uncertairties in Raa are dominated by the
Au+Au data, the projected error bars on Raa are plotted in Figure 28. It should be
noted that the signal-to-badkground ratio in the existing 62.4GeV datais 0.2at pr =
1 GeV/c, growingto  0.5for pr above 2 GeV/c). Thesevaluesareimprovedsigni cantly
by the HBD.

Raa measuremets up to at least pr = 5 GeV/c for both pions and electronsare
required in order to study jet fragmerts, rather than particles emitted from the collec-
tively owing bulk of the medium. For the pions, the event requiremen was obtained by
requiring 30 courts in the 4-5 GeV/c pr bin for 0-10%collisions.

Measuremets of Raa require p+p collision data at the sameenergyfor the denom-
inator. While the parameterization from d'Enterria[39] can be usedin the short run to
interpolate, it is important to pin the parameterizationto measureddata at both high
and low energy We note that existing data on ion collisionsat 22.4GeV lack comparison
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Figure 28: Projected statistical and systematic uncertainties on non-photonic electron
Raa in 62.4GeV Au+Au.

p+p data from RHIC; the obsened onsetmakesit compelling to make this measuremen
and remove uncertainties inherert in usingdata from the ISR asthe denominatorin Rax .
Though PHENIX has p+p data at 62.4 GeV, it is insucient to provide the baseline
measuremenfor non-photonicelectrons. We anticipate requestingsud a run in the near
future. We note that the running times for the higher energydata setsare quite short,
and beliewe that a half weekperiod shouldsu ce for changew@er time and data collection.

4.7.5 Search for critical point at lower energies

In the seart for the QCD critical point it would beidealto collectsubstartial data setsat
most of the collision energiedisted in Table2. 100M ewens at ead energywould allow
measuremen of di-electronsand di-hadron correlations. Given the baselineluminosity
and collision vertex length projections, sud data setsare only feasibleabove transition
energy(and above SPStop energy). A potential approad could beto collecta substartial
datasetfor onecollision energythat overlapswith the SPS.Howewer, even at the highest
SPSenergythis would consumea prohibitiv ely large fraction of oneyear's running time.

The impact of limited data setsizecanbe seenfrom Table 3, which shavs the number
of events required for di erent critical point signatures. Belov RHIC transition energy
the storageRF cannot be used,causingthe beamto Il the time budkets and blow up in
the transversedirection. This dramatically reducesthe luminosity. Consequetly, mul-
tiple datasetsof only a few million ewerts are realistically possible. With sud datasets
PHENIX can measureiNgi and hpri uctuations and identi ed particle spectra with
limited certralit y selection. Though thesewould allow a seard for non-statistical uctu-
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Table 3: Million Au+Au ewents required for signi cant measuremen of di erent ob-
senables at various collision energies. The HBT and imaging related obsenableswere
evaluated for 10%relative statistical error.
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11.5|/0.01| 0.03| 0.02 2 24 50 160 NA | NA 431
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ations in particle production and analysiswith thermal models of hadron gasfreezeout,
it is unclear how competitive sud data setswould be with those already produced by
SPSexperimerts. Furthermore, operating RHIC experimerts in a regimethat doesnot
provide for a wide variety of obsenablesto characterizethe system, and lacking robust
comparisonp+p and d+Au data, would represeh a major deviation from the approat
to discovery sciencethat has proven so successfubat RHIC.

Alsoincludedin Table 3 arethe numbersof evert requiredfor PHENIX measuremets
of other predicted signalsof the QCD critical endpoint. Measuremets of suseptibility

temperature, which is relevant to a 2nd order phasetransition are possiblefrom dif-
ferertial analysis of multiplicit y uctuations in the longitudinal direction. Given the
multiplicit.y per evert in one PHENIX arm, this can be measuredin Au+Au collisions
down to " Syn = 10 GeV. Two million ewerts are necessaryfor analysiswith Slower pr
threshold, the magnetic eld o condition is best. Given the minimum statistics and
the eld o requiremen while other analysesrequire the eld on, data taking for this
obsenable is best performedin Au+Au collisionsabove = Sy = 39.0GeV whereit can
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be donein a few days. Oncethe silicon vertex detectorsare installed, this measuremen
bene ts from the much larger acceptanceand is expandableto lower energies.

Fentoscopy providesa number of experimertal cortrol toolsto measurevariousspatio-
temporal dimensionsof the reballs createdin high energy heavy ion collisions. Non-
gaussiantails in the sourcefunction are sensitive to emissiontime e ects. Increased
emissiontimes asexpectedfor a rst order phasetransition, may resultin anincreasedalil
in the 1-D sourcefunctions. Consequetly, it is of greatinterest to perform an excitation
function with su cient statistics to explore sud tails in the sourcefunction. We have
estimated the required number of everts from our analysis of data at 200 GeV, scaled
by the charged particle multiplicit y. In addition, a secondorder phasetransition may
be re ected in non-gaussianLevy like shapes of the sourcefunction. Basedon the rate
estimatesfrom CA-D and the required evert samplesgiven in Table 3, theseobsenables
may be accesse@bove injection energy

At energiesabove injection, but below full energy RHIC is poisedto make a unique
and substartial cortribution to the low baryon chemicalpotertial end of the critical point
seard. This requiressimilar conditions to quarti cation of the onsetof light-quark and
heavy-quark opacities. With 10 weeksof running, substartial datasets(between50 and
300 M ewerts) can be collected at seweral di erent, allowing analysesof many possible
signatures. Given the currert uncertainty about which obsenableswill prove most infor-
mative, it is imperative to measureas marny as possiblesimultaneously Consequetly,
we proposean energyscan of se\eral stepsabove injection energyis the right rst step
toward locating the QCD critical point at RHIC.

Below RHIC transition energy the collisionratesbecomeextremelylow. Furthermore,
the multiplicit y falls dramatically, sothe triggers designedfor full energyRHIC running
becomevery ine cient. In Run-10, PHENIX can trigger e ectively using the RXNP
detector, which also provides the start time for time-of- ight measuremets. After Run-
10, the RXNP detector will be removed asit is chompatibIe with the VTX and FVTX.
For the very low multiplicities producedat low " s, the large acceptanceof the VTX is
extremely advantageous. In particular, the vertex detector will o er improved certralit y
determination and multiplicit y uctuation measuremets. Though it may be possible
to trigger using the VTX, a start time signal is necessaryand cannot be derived from
VTX information. Consequetly, PHENIX will designand fabricate a start time/trigger
barrel to be located outside the VTX. We requestthat sub-injection energy running
be sdheduled after the VTX and new barrel are ready Furthermore, as the enhanced
luminosity a orded by electroncooling in the AGS would make the sub-injection energy
running much moree cien t, we proposedoing the lower energypart of the scanafter this
capability is available.
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5 Discoveries and Future Goals of the Spin Program

5.1 Overview

The highest priority for PHENIX Spin for Runs 10-14is the completion of the 500 GeV
longitudinal spin program descrited in [13]. This plan requiresrecording 300 pb ! at
PHENIX, which implies the delivery of appraximately 900pb ! to our interaction point.
Thesedata will enableus not only to make signi cant measuremets of the gluon spin
polarization in the proton, usinga variety of probes,but alsoto measuresingle-spinasym-
metriesin W production leading to the measuremen of the light-quark and -antiquark
spin polarizations.

At the end of Run-9, PHENIX will have recordeda total of appraximately 25-30pb !
(summedover Runs 5, 6, and 9) of polarized pp collisionsat 200 GeV. Our goal at 200
GeV had beento record approximately 70 pb !, howewer it hasbecomeclearthat at the
currert rate of luminosity delivery it will take seweral more yearsto acdieve this goal.
Our analysisof 9 pb ! of that data (summedover Runs 5 and 6) shows that the double
spin asymmetryin inclusive °© production, ALE , Is consistem with zeroin the transverse
momertum rangel< pr < 10GeV/c, limiting the gluon spin cortribution to the proton
spin in the parton momertum range 0:02 < x4 < 0:3to 0.7 < Gl®0203 < (5 at
3 [arXiv:0810.0694,acceptedfor publication in PRL]. As was shown in our Beam Use
Proposalin 2008, the additional data we are collecting in Run-9 will provide signi cant
additional constrairts on  G[%02031 We foreseethe necessiy to move forward and begin
the accurnulation of statistics at 500GeV, sothat we can extend our range of exploration
of gluon polarization to smallerxy, and begin to explorethe spin polarization of u, d, u,
and d quarks via the parity-violating asymmetryin W* and W  production.

Measuremen of the direct photon asymmetry will give anindependern determination
of G. In direct photon production the gluon Compton process(qg! q ) is dominart,
so the double helicity asymmetry will be linear with gluon polarization. Consequetly,
PHENIX will be able to measureboth the sign and value of G through this channel.
The expected sensitivities for direct photon A . from Run9 will, howe\er, still be belov
the level requiredto constrain  G; an additional factor of 2{3 is required, given that our
Run6é © data already indicate that G is not large in the probed x-range. The higher
luminosity of collisionsat 500 GeV will put this probe within read.

In Run-9 there was a very successfuengineeringrun for polarized proton collisionsat
500GeV, in which atremendousamourt of progresswasmadeby CAD. The rst seriesof
500GeV storeswereprovided to the experimerts, which will provide both important cross
sectionmeasuremets aswell asinitial resultson badkgroundsat 500GeV. Someproblems
were found during this engineeringrun which remainto be resoled, the most signi cant
of which wasthe polarization lossin RHIC in the ramp between100and 250 GeV. Even
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sothe polarization in RHIC was approximately 35-40%. Someadditional APEX studies
are planned during Run-9 to study the 250 GeV ramp further. It is imperative that at
least 60% polarization be achieved at 500GeV in orderto make the spin physicsprogram
at this energyfeasible.

Basedon these considerations,PHENIX proposesthe following generalsdedule for
luminosity delivery at 500 GeV during the next few years. The goal is to read appraxi-
mately 900pb ! deliveredto the experimerts by the end of 2014,roughly consistem with
the delivery ratesoutlined in the RHIC Spin Plan documen but taking into accourt some
lessondearnedfrom the 500 GeV engineeringrun.

Run-10: 500 GeV madine dewelopmen (to acieve 60% polarization and optimize
luminosity delivery)

Run-11: 150pb ! deliveredto experimerts
Run-12: 230pb ! deliveredto experimerts
Run-13: 250pb ! deliveredto experimerts

Run-14: 270pb ! deliveredto experimerts

It is imperative to collect su cient data before 2013to achieve NSAC milestone HP8,
which requiresmeasuremen of avor-idertied q and q cortributions to the spin of the
proton via the longitudinal-spin asymmetry of W production in calendaryear2013. While
this milestone can probably be at least partially satis ed with a subsetof 900 pb 1
delivered luminosity, a su cient amourt of data for a rst result must be collectedin
time.

In Runs 11-14,the beam polarizations should be at least 60%. The exact number of
weeksand timing of the 500 GeV periods would be determined on a year-by-year basis,
depending on the proven performancein ead previous year and available running time
for RHIC.

One may wonder { why start with 150 pb ! in Run-11? The mean projection from
CAD for Run-9 for 10 weeksof 500GeV running is 200pb ! deliveredto the experimerts.
Our requestis basedon the luminosity delivery during the engineeringrun. To obtain this
number, we looked at the averageover all lls in the last three weeksof the engineering
run and asked \What if we got 10 lIs like that every weekfor 10 weeks?"The answer
was a delivered luminosity of 125pb 1. We should safely expect that much and in fact
somewhatmore if machine dewelopmen is permitted in Run-10. On this basiswe set a
goalof 150pb ! deliveredin Run-11,and we expectthat CAD will be ableto achieve that
and make additional improvemers in subsequenruns. The delivery targets we show for
Runs 12-14are consistem with the RHIC Spin Plan documert (but shifted by oneyear).

45



PHENIX canmake good useof substartial 500GeV running alreadyin Run-11. While
it is true that not all of our upgradesfor spin physicswill be installed, we will already
be in a position to begin the 500 GeV program in earnest. Our certral arms are ready
to begin the program now. In the muon arms, installation of the muTrigger upgrade
electronics(which is partially complete already) and the large RPC3 detectors planned
for Run-11will provide essetially the full rejection power at the trigger level. The RPC1s,
which will be installed in the following year, will provide additional timing and pointing
information. This addedrejectionpower is esgecially usefulto improve our ability to reject
cosmicbadkgroundsin oine analysis. Howewer, the timing from the RPC3 chambers
will already provide a signi cant cosmicbadkground rejection power.

5.2 Exp ectation for Light-Quark and -Antiquark Spin Polariza-
tion Measuremen ts

The parity-violating asymmetry AY in the production of W bosonspermits the de-
termination of the light-quark and -antiquark polarizations in the proton. In PHENIX
this will be donevia the detection of high pr electrons/positronsin the certral armsfrom
the decy W ! e and of high pr muonsin the muon arms from W ! . Our
simultaneouscoveragein forward, backward, and certral rapidity will provide a powerful
meansof determining the quartities u=u, d=d wu=u, and d=d in the parton mo-
mertum range 0:05 < xg; < 0:6. Almost direct quark/anti-quark separationis possible
with forward/backward leptons from W- production in the PHENIX muon arms due to
much larger quark density vs anti-quark density at largemomertum transfer. In this case,
A (forward W ! ) d=d Similarly, A_(backward W ! ) u=u. Addition-
ally, measuremenof W* production will giveaccesso u=uand d=d. Howewer, dueto
the xed neutrino helicity, the avor cortributions in forward and badkward rapidity are
mixed. Similarly, the parity-violating asymmetry of W* production in certral rapidity
combinescortributions from both u and d polarizations, and from d and u polarizationsin
W production. Thesemeasuremets will have their greatestimpact in improving global
ts that seekto determinethe polarized parton distribution functions in the proton.

Figure 29 shawvs our expectations, assuming 60% polarization, for the asymmetry
uncertainties with 300 pb ! recordedat forward, certral, and backward rapidities. The
curves refer to various models of quark polarization in the nucleon; work is ongoingto
dewelop an expectation for the uncertainties in the quark polarizations themselhes.

5.3 Exp ectation for Gluon Spin Polarization Measuremen ts

Our maintool, in the short run, for constrainingthe gluon spin cortribution to the proton
spin will cortinue to be ALE . The three plots shavn in Fig. 30 compareour expected
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Figure 29: Expectation for uncertairties in W asymmetry measuremets with 300 pb *
recordedat (top) forward, (middle) certral, and (bottom) badward rapidity. 60% polar-
ization is assumed.

uncertainties in ALE as a function of x; for 200 GeV (using our expected total after
Run-9, 25 pb 1) and for 500 GeV (we expect to reac 50 pb ! recordedin Run-11 and
300 pb ! recordedin Run-14). For 500 GeV running in Run-11 the top two plots in
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Fig. 30 shav expectationsassuming(top left) 50%and (top right) 60% polarization. The
two lowest x1 points at 500 GeV, which fall below the lowest x1 points from 200 GeV,
will give us sensitivity to xg < 0:02. Comparing the sizesof the uncertairties on those
points, it is clearthat obtaining 60% polarization or more at 500GeV makesthis program
viable. The madine dewelopmen time we proposefor Run-10would have a primary goal
of improving the polarization.
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Figure 30: Expecteduncertainties in ALE asa function of xr. All three plots shav 25pb 1!
at assuming60%poliarization at 200GeV. Also shavn for 500GeV are expectations(top)
for 50 pb ! in Run-11 assuming(top left) 50% and (top right) 60(bottom) for 300pb *
in Run-14 assuming60% polarization.
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6 Beam Use Prop osal for Run-10 and Run-11

6.1 Planning Assumptions and Metho dology

The Assciate Laboratory Director for Nuclearand High Energy Physicshasdirected the
experimerts to plan assuming25 or 30 weeksof cryo operationsin Run-10 and 25 cryo
weeksin Run-11.

Detailed guidanceprovided by the Collider-AcceleratorDepartmert (C-A D) descrikes
the projected year-by-year luminosities for various species,alongwith the expectedtime-
dewelopmen of luminosity in a given running period[45]. We have used the species-
dependert luminosity guidance,the stated cool-down time, and the stated start-up and
ramp-up time for ead speciesto cornvert the required delivered integrated luminosities
into a plan for the appraximate number of weeksat eat species. The by-now extensiwe
experiencewith operating RHIC in a variety of modesand in understandingluminosity
limitations provides con dence in the projected minimum luminosities, which are based
on either actual experienceor adieving the samecharge per bunch as for Au beams.
Maximum projected luminosities are basedon current understanding of the accelerator
limits. As in past beam use proposals,we usethe geometricmean of the minimum and
maximum projected luminosities. We applaud the C-A D e orts to dewlop stochastic
cooling, and requestannual full energy Au+Au runs to support this dewlopmen, as
well asto provide data for our ongoing physics program. Oncethe EBIS sourceis fully
functional, we look forward to a program utilizing collisionsof U+U. Howeer, given the
planned EBIS completion date and our needto integrate luminosity for rare probes, we
anticipate rst U+U running in 2012(Run-12).

Basedon the CA-D guidance[45], we assumethe following for luminosities and po-
larization:

After the ramp-up period, averageAu+Au deliveredluminosity per weekat P Syn =200
GeVis495 b !in Run-10and 680 b !in Run-11.

Basedupon the 500GeV p+p run recenly completed,we assumethat a goal of 150
pb ! delivered can be readed in 10 weeks. This represets only a small increase
over the instantaneousluminosity obsened during the last 3 weeksof the 500 GeV
run. The integral is attainable with 10 successfuktoresper week.

Assumingthat the requestedmadine dewelopmen of polarization at P s =500 GeV
is carried out in Run-10, we presen a plan assuming60% polarization in Run-11.

We determine recorded luminosity from delivered luminosity using a factor of 0.33,
which hasbeenobsened over the past two years. This factor is dominated by the vertex
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cut of +/-30 cm and unusableluminosity at the beginningof a store prior to completion of
the high voltage ramp of PHENIX wire chambers. The latter is included in the PHENIX
up-time of 70%. Other ingredierts in this factor are live-time (90%), trigger e ciency
inside the vertex (96% - simulated e ciency for the RXNP trigger down to 10 GeV),
oine QA eciency (85%)and oine vertex cuts (90%).

To estimate luminositiesin the energyscan,we assumethat the delivered luminosity
scaleswith beamenergysquareddue to increasedemittance, and that the vertex distri-
bution remainsunchangedat energiesabove transition energywherethe storageRF can
be used. For energiesbelow transition, we correct the projected recordedluminosities for
the broadeningof the vertex distribution to = 150cm. We usea correction factor of
0.15/0.5, corresppnding to the expected/obsened fraction of collisionswith vertex inside
30 cm. The resulting rates of everts recordedare shavn in Table 4. As theseewen rates
are extremely low comparedto the maximum evert rate that PHENIX can record, we
plan to recordead minimum bias evert and remove non badkground everts o ine. Once
the energyis well below transition, we will usethe VTX detector to separatebeam-beam
from beam-gasand beam-pipe collisions. This motivates PHENIX to requestvery low
energyrunning only after the VTX isin operation, and will causethe vertex cut to shrink
to +/- 10cm for all evens, regardlessof which detectorsare usedfor analysis. For this
reason,we proposethat very low energyrunning be scheduled once electron cooling in
the AGS is available.

Table 4: Au+Au luminosities and rates expectedin Run-10 (*includes ramp-uptime for
200 GeV).

""sNN L/wk del. L in 4wks* L recorded del. collisions/sec rec. collisions/sec
200 495 b ! 1059 b1! 353 b!

62.4 48.2 192.7 64.2 488 163
39 18.8 75.3 25.1 191 64
27 9.0 36.1 3.61 91 9

6.2 Beam Use Prop osal Summary

This proposalaimsto maintain the program of discovery physicsthat hasattracted world-
wide attention to the RHIC heary ion program, while maintaining progressin the spin
physics program and dewelopmern of polarized proton performance. The PHENIX phi-
losoply is that this is best accomplishedby

a Continued enrichmert of existing data setsthat are statistically sparsein essetial
physics channels(which requiresaccunulation of data over multi-y ear periods)
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b Optimizing the RHIC run plan to take advantage of key detector upgradesas they
becomeavailable.

¢ Targeting physicsgoalsto utilize RHIC luminosity and ion sourceimprovemens in
both the heary ion and spin programs. This considerationis also critical running
below injection energy

d Continued dewlopmer of luminosity and polarization for decisive measuremets
with polarized protons.

e Completingsurveysby securingrequisite baselinedata in a timely fashion, so that
comparisondata setsare obtained with essetially the samedetector con guration.

Table 5: The PHENIX Beam UseProposalfor Runs 10-11.

B R

RUN SPECIES =T PHYSICS “Ldt p+p

(GeV) WEEKS (recorded) Equiv alent

10 Au+Au 200 10 1.4 nb * 56 pb *
Au+Au 62.4,39, 27 10

p+p 500 4 dewelopmen run

p+p 22.4 1

11 p+p 500 10 50 pb * 50 pb !

Au+Au 200 8 1.4 nb ! 56 pb !

Table 5 summarizesthe current PHENIX Beam Use Proposal.

The requestedsequencef runs is motivated by and coordinated with the program of
upgrades.In particular, Run-10will provide the low-massdilepton physicsmadepossible
by the HBD. Following this, commissioningof the VTX detector will begin, leading to
separatedcharm and bottom physicsin 2011. Addition of the FVTX in 2012will allow
PHENIX to perform the long awaited quarkonium spectroscoy measuremets to probe
color screeningin the medium. We articipate beginning the study of U+U collisions
at that time, aswell. It should be noted that the needfor equivalent p+p integrated
luminosity to provide adequate baselinedata for the heary ion program will provide
additional data toward our goalsfor spin measuremets at 200 GeV.

6.3 Run-10

The highestpriority for the PHENIX Collaboration in Run-10is to record1.4nb ! of 200
GeV Au+Au collisions, utilizing the Hadron Blind Detector to reject Dalitz decas and
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conversionelectrons. This will require 10 weeksof Physicsrunning, assumingRHIC per-
formancemidway betweenthe projected minimum and maximum luminosity. This data
setwill provide low massdilepton spectra of su cient precisionto seart for modi cation
in mediumof ,! and mesonspectral functions. The systematicand statistical uncer-
tainties in the low-massdilepton enhancemenobsened by PHENIX will be substartially
reduced. Furthermore, a data sampleof 1.4nb ! will be twicethe sizeof the onecollected
in Run-7. Addition of this new data set will allow measuremen of the upsilon suppres-
sion factor, replacing the current upper limit. It will alsoincreasethe kinematic range
of gamma-hadron,di-hadron, reconstructedjet, non-photonic electron ow and baryon
spectra measuremets.

PHENIX will install the silicon vertex detector prior to Run-11. As the Hadron Blind
Detector and the Reaction Plane Detector cannot coexist with the silicon vertex detector,
it is imperative to collect data with the HBD in Run-10. Furthermore, the non-photonic
electron o w statistics must be collectedin Run-10in order to make use of the excellen
reaction plane resolution of the RXNP detector.

Our secondpriority in Run-10is to begin an energyscan,focusing rst betweenfull
and injection energies. PHENIX proposesthis approad in large part due to practical
considerations. The rst considerationis that Run-10 provides a unique opportunity to
investigate dielectron production in a completely new collision energy regime while the
HBD is in place. Measuremen at two intermediate energieswill allow observinghow the
dilepton excessand rho modi c&tion obsened at the SPS expandsinto the large excess
at very low massobsened at = s=200 GeV. New analysistechniques suggesta way to
measurethe spectral function in the cortinuum region. This is very promising, as it
can be related to the charge correlator in the medium and can be calculated theoreti-
cally. Utilization of the HBD to reject badkground will allow PHENIX to carry out this
measuremen with 50 Million ewents, reducing the required running time by a factor of
6. Without this reduction, the required running time is prohibitive. With the HBD,
dielectron production can be studied at 39 and 62.4 GeV.

The secondpractical considerationis that the collision rates below injection energy
becomeextraordinarily low due to the E? scaling of collider luminosities and lling of
the time budket by beam particles when the energyis too low to allow useof the storage
RF. Operation at 1 Hz or lessis poorly matched to the PHENIX optimization for rare
probes. Howewer, the large acceptanceof the new silicon vertex detector, coupledwith a
new st%rt time and trigger detector, will allow much more e cient operation of PHENIX
at low = s and low collision rate. Thesewill allcyv a compelling program of measuremets
of hadronicand uctuation obsenablesat low = s. A new start/trigger detectoris under
discussionwithin the collaboration; construction is foreseento require approximately 12
months. The excellen VTX pointing resolution is expectedto allow clean separation of
beam-beamfrom beam-gasand beam-pipe interaction. Consequetty, PHENIX proposes
that runs below injection energybe performedin 2012or later. Furthermore, we would
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like to seethe timing of this part of the low energy scan matched to construction of
electron cooling in the AGS. Boosting the collision rate will signi cantly improve the
operational e ciency at low energies.

PHENIX proposepsto record 350 million, 50 million and 25 million minimum bias
Au+Au collisionsat = s=62.4, 39, and 27 GeV, respectively. We articipate that this
will require 3.5 weeksat 62.4GeV, 1.6 weeksat 39 GeV and 4.5weeksat 27 GeV. The
exact energynear 39 GeV should be chosensud that the storageRF is operable,asthe
collisionrate that canbe recordedby PHENIX otherwisedecrease$y a factor of 3.3 due
to the longer collision vertex without storageRF.

This program will allow measuremen of dielectronsat the two higher energies,and
a seard for the onsetof perfect liquid properties by measuremen of the opacity of the
produced medium and elliptic ow at all three energies.Opacity to light quarks will be
determined from °Rpa at all three energies,and for heary quarks at 62.4 GeV. p+p
comparisonyields will be initially determinedvia the parameterizationof d'Enterria [39,
pinned to a new measuremen by PHENIX at 22.4 GeV as proposedbelown. Elliptic
ow of identied hadronswill be measuredto su ciently high pr to identify the point
where quark number scaling breaks at the two highest energies. The pr dependence
of inclusive hadron elliptic ow will be measuredat all three energieswith su cient
precisionto constrain to viscosity to erntropy ratio by comparisonto calculations with
viscoushydrodynamics. Equally importantly, the samedata setswill be usedto seart
for possibleevidenceof the QCD critical point in the lower part of the rangepredicted
by various lattice calculations. This seard will utilize v,, uctuations, HBT correlations,
and identi ed hadron yield obsenables.

Our third priority for Run-10is a period of appraximately 5 weeksof p+p collisions.
We request that up to 4 weeksbe dewted to madcine dewlopmen studies in order
to improve the proton polarization in 250 GeV beamsand reduce badkgrounds. This
madine dewelopmern time is key to the succesof the spin program from 2011 onwards.
The remaining week should be dewted to unpolarized proton-proton collisions at 22.4
GeV to sene as referencefor the existing Cu+Cu data at that energy This data will
replace the existing referencespectrum, which was created by combining results from
multiple ISR experimerts and su ers from large systematic uncertainties. Reducingthe
error barswill pin down the Raa at 22.4GeV and provide the meansfor interpolation of
p+p spectrato sene asreferencefor 39 and 27 GeV Au+Au data. In order to match the
uncertainties in the © spectrum in heavy ion collisions, 2.5 billion p+p ewerts should be
sampled. This should require approximately one week of RHIC running time, including
the energychangetime.
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Tablen6: Detailed plan for Run-10.

YSyn  Weeks ewerts commern
cooldown 2
Au+Au start/rampup 200 3
Au+Au physics 200 10 record1.4rb !

62.4 3.5 350M
39 1.6 50M
27 45 25M

p+p dewlopmert 500 4 PHENIX opsasneeded
p+p physics 22.4 1 25B
warm-up 0.5
TOTAL 30
6.4 Run-11

By Run-11, the PHENIX certral barrel silicon vertex detector (VTX) will be completed
and installed. Consequetly, we requestp+p collisionsto further the goalsof the spin
program, followed by full energyAu+Au collisionsto make rst measuremets of charm
and bottom separately In addition to the rst VTX running opportunity, Run-11 will
seethe majority of the muon trigger upgradeinstalled. PHENIX will have in place all
Muon tracker FEE componerts, and RPC3's in both arms. This leaves us with full
functionality for the online W trigger. RPC1 installation will be donein the shutdown
following Run-11. The RPC1's will provide additional timing information and improve
the oine badground rejection, particularly of cosmics. Howewer, even without this, a
rst W asymmetry physicsrun is feasiblewith good performance.

The highest priority for PHENIX in Run-11 is polarized proton running to make
progressoward our spin physicsgoals. It is the conclusionof the collaboration that RHIC
has readed the realm of diminishing returns running at 200 GeV at currernt luminosity
levels. The smallnessof both G and the achieved and projected luminosities meanthat
a signi cant improvemen upon the Run-9 data set is unlikely. At high luminosity, the
possibility of measuringdirect photon A is promising, but applying approximately half
of Run-11to this would produce a result of potertially marginal utilit y. Consequetly,
PHENIX request50 pb ! recorded (150 pb ! delivered) of 500 GeV polarized proton
collisions. The required polarization is 60%;we requestthis goalunder the assumptionof
successfupolarization developmen in Run-10. We estimate 10 weeksof physicsrunning
will be required to read this goal. In parallel with key physics measuremets, this run
will allow commissioningof the VTX.

The physicsdeliveredwith this rst 500GeV production run is two-fold, and descriked
in detail above. We will make the rst W asymmetry measuremento look at light quark
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and anti-quark polarization. And, we will measure G via midrapidity ° A, . The two
lowest x points at 500GeV fall belov the lowest x points in the 200GeV data, extending
our sensitivity down to x < 0:02.

The secondpriority to record1.4nb ! in avertex cut of 30cm. This data set, albeit
the subsetinside 10 cm, will provide a rst measuremeh of separatedopen charm and
bottom energylossand ow, utilizing the VTX. The data setinto the full vertex range
will provide su cient statistics, when combined with Run-10 and Run-7, for a de nitiv e
measuremenof J= v,.
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