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PH-<ENIX Studying Complex Phenomena
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p%m PHENIX Approach to QGP Detection

................................... PH-AEMIX

1. Deconfinement tlangley  PHENIX Acceptance ]

RU)~0.13ImMm<RJ/N)~0.29fmMm<R(Y ' )~0.56 fm 180°
= Electrons, Muons

2. Chiral Symmetry Restoration

Mass, width, branching ratio of F toe*e, K'K- withdM <5 60°
Mev:

120°

Electron

0°- -
= Electrons, Muons, Charged Hadrons + Photon
Baryon susceptibility, color fluctuations, anti-baryon £0°
production:
= Charged hadrons -120°

DCC'’s, Isospin fluctuations:
= Photons, Charged Hadrons

3. Thermal Radiation of Hot Gas

-180°

Promptg, Promptg*to e‘e", mim- : 5. Jet Quenching

= Photons, Electrons, Muons High pT jet via leading particle spectra:
4. Strangeness and Charm Production <> Hadrons, Photons

Production of K*, K- mesons: . .

+  Hadrons 6. Space-Time Evolution

Production of F, J/Y, D mesons: HBT Correlations of p* p*, K* K*:

= Electrons, Muons = Hadrons

Summary: Electrons, Muons, Photons,
Charged Hadrons
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Fv_ - -
PH:<ENIX Measuring all Timescales

Available
Run-2?

Available
Run-17?

e PHENIX can and will do
this.
0 Early timescales in

collision typically
probed by “hard

Probe

Initial Collision Hard Scattering
Single " jet" vialeading particle Yes Yes
photon + "jet"

Timescale

Deconfinement High-Mass Vector Mesons

processeS”. JIY, Y screening No Observation
“H dn U (non)screening No No
Q ar
®» high momentum transfer Chiral Restoration [l ow-Mass Vector Mesons
®» rare r,w,f mass, width No Yes?

f branching ratios

® [uminosity limited

QGP ThermalizationfPhotons

po’ h, h' p° only Yes
continuum direct; very soft

e Run-1 (Summer 2000):
QO <~1mb1recorded
Q ~5M “minimum bias”
events
e Run-2 (2001-2)
Q ~24 mb!recorded

a ~200M events
“sampled”

QGP Thermalization|Dileptons
non-resonant: 1-3 GeV No Y es?

soft continuum, <1 GeV

QGP Thermalization|[Heavy Quark Production
open charm No No

open charm via single lepton

Hadrons
HBT Interferometry, p/K Yes Yes
strangeness production: K, f Yes Yes
spectra of identified hadrons

Hadronization

Hydrodynamics Global Variables
Et, dN/dy

12-Jan-02



TN a
PH-ENIX Topic1

e Measurement of charm yields via inclusive
electron production
Q “Open charm” appears in D mesons
2 D mesons decay semi-leptonically and make electrons

a Can the electron spectrum be related back to charm
production?

e 10 be answered In

“Measurement of transverse momentum
distribution of electrons in Au-Au Collisions at
sgrt(s) = 130 GeV”, K. Adcox et al, available ~2-3

weeks.
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PH-ZENIX Charm Physics (1)

e Increased understanding of open

charm significance

Q Saturation of u,d,s abundances
Important in establishing thermal

properties of system

Q Chemical equilibrium = no further

information on dynamics

0 Charm (probably) does not
chemically equilibrate

®» Important probe of early dynamics

QO Important complement to
charmonium measurements

e Major interest in pursuit of “open

charm” as a plasma diagnostic

0 Currently only modest capabilities

via measurement of
high p; leptons

®» |mportant to extend with direct
detection via displaced vertices

Dalitz and conversions e-

charm —» e-

beauty—e-

10
: : 0 L HiE T A S i L S
12-Jan-02 Study by Mickey Chiu, J. Nagle pt(GeV)
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PH-“ENIX Approach

e Measure the spectrum of electrons
Q Track charged particles

2 Reject the overwhelming background of charged hadrons
e ldentify and quantify “trivial” sources of electrons:

“Dalitz” decays: BR: 1.2% pP° > e‘'e ¢
Dominant decay: BR: 98.8% P° =2 ggQ

“Conversions” ~ mass in aperture L» ete
~ 2 x Dalitz for PHENIX

e Subtract “trivial” sources from
measured electron spectrum

e Remainder = charm decays(?)

12-Jan-02

~80% of background

electrons from these p°
contributions

Additional ~20% from
similar decays of h's
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PH-ZENIX Expected Situation

e First required step: P

~s = 200 Gey du+Ay central

th /dy(n® = 400
ruclear deperdence= & = 1.4 for charm
mnd beguty praducton

ra ghadawing, no pr—aqulllbrlum preductlsn

Be able to cleanly
separate electrons
from pions at the level
of 103 or greater 103

T

1
L,
g+ frarm - Dl

n

|.|‘|-\- ._I

. ”'11 ) o ﬁﬂ:’i%{:ﬁ‘w
e (Zero-th required step) : ) e -
Minimize mass in e ””:;:.M
aperture, that is, i it SN B
—1|. 5 T L. u-l-l_-'_l !i n
do NOT allow photons | * % R e
fromp® gg e i TR 1 "‘hw.'r"i?iﬁi'
birdl.n fo 0 in M
to Convert tO eIeCtronS 1':]_E' L1 III | | III L1 II L1 III L1 IIIJ: 1 IL::.ii!IE iii II-II i-li:-;l II=-|!! Ii!!i
1] (L] 1 1.5 2 2.5 3 AiD + 4.5 5
e Then i

Remove “trivial” sources of electrons
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Ring Imaging Cerenkov Detector

Gas radiator CO, e/p separation for p <5 GeV/c

5120 PMTs sensitive to single photoelectrons,
s;<1lns

Ring resolution ~1°in both F and h

. PHENIX dlectron signal
m _. r /\II charged
F /With RICH hit

e &

1rIII 02 04 06 0B 1 12 14 16 1.8 2

E/pratio:RICH-EMCal

~ PHENIX RUN 12280 SEQ 0014 EVENT 850

6 PMT RICH/ing EM
2.55GeV/ctral

2.5GeV EMCal hit
electron candidate

ViewfromNorth Side 1T cH-EM Cal M atch
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PH><ENIX Measured Electron Spectra

e These are inclusive distributions
®» Now must remove the “trivial” sources of electrons

Au+Au \IS_NN = 130 GeV central 0-10% Au+Au \Is_NN = 130 GeV central 60-80%

—
—

PHENIX Preliminary PHENIX Preliminary
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PHZENIX  Input to background

® Use SimUItaneOUS fit tO * ? DDD PHENIX preliminary | ....... ) 10 _ T FHENIX preliminary _
S0l 4 10%Au-Au.130GeY g0l ‘E‘u”' 10% Au-Au, 130 Gev|
the measu red “ﬁ ; ‘hfi posifive nﬁ "{Ig negative
+ N0 n- -0 e %
P.,pP",p spectra g 'y o & |
. L SO Bt
e Estimate h's g fom ToFOT
-Elo—-nﬂ+. _31-_.._ .‘Ewg—-n‘:.... "t
0 Yields from h/p®=0.55 SR SN § O P L A |
from ISR, SPS, FNALdata -~ ¢ - B T
AT, R I TTY TN P VTR TS FUTT1 PUTYA AT IR 0 N
0 Spectrum frommy scaling — ees 'z eesnigaseaas
2 Systematic errors from . "
varying assumptions on .o S e e e
yields and spectral shape & (5% | FEHENLA prehmisary
e Conversions known from E‘L“‘ E_ ................... L
2 Simulations 2 E -----
Q (Ultimately) measurements =e' g—p— =
T O
1:': ..... .. \-:.t‘\“ﬁh!:\ﬁ-
o B o P e
o 4

12-Jan-02

4.5 =
by [Ceeiiic]



PHZENIX Background Subtraction

e After consideration of
all known sources of
electrons, there
remains an excess for
pt> ~1GeV/c

e Is It consistent with
“expected” charm
yields?

P

_5510 e n 3

%10_2 %— / g _%
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PHZENIX Comparison to PYTHIA

AustfAu @*'|3m-| =130 GeY : 6080 % central
1 1 1 T 1 1 I T 1 T 1 I T 1 T T 1 1 1 T

e PYTHIA parameters

tuned to fit all previous — §_F PHENXpreiminary | E
hadronic data on cross- 3§ ¢ ]
sections and yields with & * E
2 M, =1.35 GeV/c :
1 <k{%> = (1.5 GeV/c)? 1
o K=3.5 :
»s_ . =330nb **Ecoc kil including charm/ cockiail without charm
for 130 GeV pp collisions Y e ]
o Scale to Au-Au o B ARG NGV G
assuming Az scaling: % PHEbIIIR plelinl'linﬂl]r k) | ’_|'§
2 Min. bias: 420+ 43+ 250mbd | | =
| s Jr B
2 Central :380+60+200nb® el s ||
®» Clearly need larger sample ‘'sf ++ e
to better quantify ,
®» Look to Run-2 .

cockiail including charm ! cocktail without char
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p%m Beyond Run-2

e Ultimately want to
detect open charm
“directly” via
displaced vertices

e Extremely
challenging in high
multiplicity heavy ion

Ml E M
/

4 MAPS *

Hybrid pixel

Si-strip

environment %
e Development of E
required Si tracking
for PHENIX well :
underway | E
= D-decay mean=166um
EL M v,
] S0D 1000 1500 2000 2500 3lll]ll 3500 4000 45!][! 5I]I]I]
12-Jan-02 R(V_,-track) [um]



TN .
PH-“ENIX Topic 2

e Charmonium production at RHIC
Q Is the J/Y suppressed? Enhanced?

2 How does the production depend on

¢ Centrality?
¢ Transverse Momentum?

e To be answered in
“Suppression/Production/Enhancement of J/Y

mesons in Au-Au Collisions at sqgrt(s) = 200
GeV”, S. Adler et al, available ~M-N years.

12-Jan-02 W.A. Zajc



Screening by the QGP

In pictures:

TN
PH-<ENIX

>~

v g

QCD potential at
T=0

mvita

V)

e

QCD potential at
high T

\/(r)

' —
, QCD potential at

high T and

high density

Non-perturbative Vacuum

Perturbative Vacuum
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PHZENIX Screening by the QGP

In first-order finger physics:
0 Follow usual derivation of Debye screening

NE; = 4pr :4pn0[e+ef/kT _ e—ef/kTJ
: KT
» 4pe” 2nf KT © ——f with |, © :
| ‘ D 2X4pen,
doe" ® g°~1
n,=3.6T°°KkT* (Stefan-BoltzmanforQcp),
T » 200 MeV L] Xe(oss ) —f
1 1 - W (0.56 1) _
D l D = @ g-I- » O4fm ﬂ.dé é_f_ﬁ).,ﬂehyclengthfmm lottice GCD _
®» Hadrons with radii greater than i3 ‘\\ i e ‘
~1 , will be dissolved 02 | g\ ]
= Study “onium” bound states = Lierzm 1
10 o
0 v by b v s b v by by oy |l
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PH.ZENIX Run-2 Goals

e AU-Au running

2 Achieve design values for
¢ Energy (200 GeV)
¢ Luminosity (2 x 10°° cm? s1)
¢ Interaction region (20 cm)

Q ~ 12 week physics run

®» ~ 100 x existing data sets from Run-1
e [P-p running
2 Commission

& proton collisions at 200 GeV
(5x103° cm>?s)

¢ Polarization for same (3 50%)
Q ~ 5 weeks physics run

% (Additional ‘heavy ion’ running to be determined)

12-Jan—02 W.A. Zajc



N - :
PH-“ENIX Run-2 Configuration

For 2001 Run:

PHENIX Detector - First Year Physics Run PHENIX Detector - Second Year Physics Run

7 Installed
B Active

Beam View Beam View

Central Magnet il Central Magnet ||
[ - :
|| South SideView Side View




PHUENIX  Vector Meson Rates

N

e 10 weeks of Au-Au running at design luminosity:
» 30K J/Y ‘s

2 Enough for rough MUCN ARM MAS5 DISTRIBUTION
¢ centrality dependence
¢ p; spectra

2 But modest
with respect to 500K

108

10++8 CENTRAL Au—Au EVEMTS

J/Y ‘S in CERN Pb_Pb % -I phi --------------------------------------
data set E w
2 X 4 luminosity growth g Ry
produces ‘CERN-like’ 2 psi prime
production rate & ol

charmm + 0=

upsilon

e Upsilon rate ~ 103 J/Y
®» Major luminosity upgrade
required to access this |

important ph SICS ﬂ T
y MUCOHN PAIR MASS {Gaw)
12-Jan-02




PH.ENIX Control (1)

N

e A plasma should exhibit a thermal (Debye) screening
length| ~1/gT

Q. How to establish that the (to be observed) charmonium
suppression pattern results from this mechanism?

e ANnswers:
a Study vs. py
Q Study vs. centrality
Q Study in lighter systems

Q Study vs. a control
(a ve(itor meson that should not be suppressed, the Upsilon)

RHIC

SUPPRESSION

12-Jan-02



PHZENIX Run-2 DAQ and Trigger

PHENIX has made a major effortto
0 Design and build a system capable of extracting all physics at design luminosity
0 Have it ready for Run-2

" " ‘trigger’ is a placeholder R [-] I
Interaction region for 2 much more complex 3 = C
‘Local Level 1" trigger system Countingroom |l Computing
Clock 2l Facility
53
g
@
| - RHIC clocks End
User
over Parallel

FIFO Interface

tape
storage
e oo T 1.2PB

Missing: ~350000 ch GL1 Global Level 1 Trigger
+ ARCNET Serial Interface to FEMs g GTM Granual Timing Module
* High and Low Voltage Control and =[] {1 Master Yiming Medule
associated control systems = || |PCB Data Collection Board
hainioc ina £ (5 St mat it
£ |SEB Sub Event Buffer Online 20MB/s
ATP  Assembly Trigger Processor| Momitoring h

250TB/yr



PHZENIX Run-2 DAQ and Trigger

e High bandwidth + physics triggers
= Able to use full luminosity of machine

e To date:
2 Implemented full set of Level-2 triggers au+Au @ \[s,, = 130 GeV : 0-5 % central

‘ Singlemuon E\% -1:|III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
10

o JIY > mm l:

_ 10°L {e"+e )2 trom cocktall:

¢ J/Y -~ e+e % % open charm

¢ f — e'e peripheral (40-100%) i"‘d_ open bottom

¢ Highp; =

5 Photon (2.5-3.0 GeV/c cut) =19

Eovcvoml vovvwml vl vl v w1

o Electron (2.5 GeV/c cut) ik
o Charged (cut TBD) =
¢ e-mcoincidence 10"%
+ Coherent peripheral trigger o
2 DAQ Upgraded to
¢ ~30 Mb/s recording “‘:E
¢ ~150 events/sec cmmsrmammllalell i

6 1 2 8 4 5 & 7 8 9 10
12-Jan-02 p, [GeVic]



PHZENIX Charmonium from Run-2?

e What will PHENIX have on J/Y for QM02?

e | don’t know (today)

e Remarks:

2 RHIC did achieve (more than) design luminosity for
Run-2 !l!

2 Note luminosity Integrated Luminosity

2 PHENIX has <10% of our Run-2 goals for L dt

2 Perhaps will have data on observation of J/Y

0 (Perhaps)? yields cut on central vs. peripheral

12-Jan—02 W.A. Zajc



PH._ENIX Looking Ahead

10040 PHENI¥ System/Gentrality Dependent J,/¥ Rates
Run-3: ;: E A=Al
(Subject to the usual caveats -
about surprises and flexibility): L

o-0

e Heavy lons

2 Fully operational muon arm
+ new triggers :

a Full exploration of J/Y production : JH
Al

versus “Npinar,” ~ A(D)*A(b) via ]
¢ A long run with Au-Au
& A series of shorter light ion runs

2000

1DOD:" il L.l |I|nln|—l‘ﬂ-| |VJJJ|_HV|'I||||-‘|.
[

.0 1 1.5 2z 2.0 3

: L06,5(Ngary) o
° p-A or d-A running \ Species | Number of J/y's
I (0.6 R.Y. - AuAu,
° Spln 0.1 R.Y. - others)
Continued running to accumulate [eYe) 1.15E+05
160 pb1 at 200 GeV SiSi 1.44E+05
CuCu 1.56E+05
I 1.73E+05
AUAU 1.79E+05
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PH.CENIX Run-3 and Beyond

PHENIX Detector - Second Year Physics Run

I Installed
® Active

PHENIX Detector

Beam View

MulD

Side View
1Z—=JdllI—UL



PH-ZENIX What's Left?

N
e Most of the program:
Q Energy scans
Q Species scans

a All the systematic studies required before laying claim to new

physics
Q Vital spin program
e Example (A-A) program to do this:
Q Run-2:
¢ Au+Au, crude p-p comparison run
» Firstlook at J/Y production, high p
=» d-Au run?
Q Run-3:
¢ High luminosity Au+Au (60%) of HI time
¢ High luminosity lightions (40%) of HI time
» Detailed examination of A*B scaling of J/Y yield
aQ Run-4:
¢ p-d/p-p comparisons
» Baseline data for rare processes
aQ Run-5:
¢ “Complete” p-A program with p-Au
¢ Energy scans
12-Jan-02 » Systematic mappina of parameter space
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PH:“ENIX Why d-Au

e General: Historically, p-A data has been
essential in separating “mere” multi-
particle effects from “genuine” heavy ion
effects

0 Strangeness enhancement (e.g. E910, I\LA49) |

<

Q Gluon shadowing (e.g. FNAL E866) | AurAuVsyy= 130 GeV

central 0-10%

« (h*+h)/2
. ']'[D
Pb+Pb(Au) CERN-SPS

R

/ binary scaling

TP

e Specific: The truly new result 2r
from Run-1is -
the suppression of high p; hadrons

’¥"A “proton”-nucleus data set will provide | |
the key information to distinguish between /
effects in /

cold nuclear matter = ‘ e el
versus 0 L—
hot (deconfined) nuclear matter pr (GeVic)
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PH. ENIX Control (2)

Q. How to establish the observed
suppression at high pt as a
plasma effect?

e Answers:

a Study it out to highest possible el :
transverse momenta 1 B ®  Auran(=0) s'?=200 GeV.]

a2 Study it as a function of flavor and/or na HIJING (Am®)
color charge of probe S E " :
a Control initial state geometry S 107k o !
2 Control initial state parton kinemati¢ & -t i
» photon tagged jets g o % R ]
tSSA NFE-. 1 0-4 E \\\ = e~ 9 E
o - . : & :
éé& \ SSCHTE Y SR U
A et IR
2 RHIC: one 15 GeV photon / hour ol o :
(Central Au-Au into Dy = 1) 99072 4 6 8 10 12 14 16 18 20

12-Jan-02 pp (GeV/ec)
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PH <ENIX

QGP Discovery

Q. How to categorize various approaches
to QGP detection and characterization?

A?. “Factorization”:

S(QGP) =S (INT) x P(formation) x P(probe)

S(INT)
P(formation)
P(probe)

Common

- geometry
- unknown

- below

Rare

Appearance

Strangeness
Charged Pions
Neutral Pions

HBT

Mass shifts
Fluctuations in dn/dy

Direct Photons
Thermal di-leptons
Open Charm

Disappearance

12-Jan-02

Neutral Pions
Charged Pions
HBT

F® KK ?
(jets)

JY
(jets)

®» Rare probesin
disappearance mode will
require concerted effort
to establish by
dependence on

v centrality

v E.,, (note advantage
of collider)

v AB
v pr

W.A. Zajc
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PH:“ENIX Summary

e PHENIX results on inclusive electron spectra
provide first insights into charm production at
RHIC.

(Note that this is from a very modest Run-1 data set.)

e Prospects for
2 Greatly improved charm measurement from Run-2
2 Observation of charmonium yields from Run-2

e Much more to come from future runs via
Q Increasing integrated luminosity with existing apparatus
2 Upgrades for open charm detection

12-Jan—02 W.A. Zajc



