!Lx . First Results from RHIC

“A Look at Jet Quenching?”

Richard Seto

University of CA, Riverside
Caltech, Feb 26, 2001

Richard Seto



. Note — MANY topi Ki d—-HBT, ticl
Outline yields, fluctuations... PR
= Introduction Caveats | _
: e In the interest of clarity | have
= The machine and attempted to tell a story —but
detectors please remember

« Centrality measurements * The data

= Global Measurements = still preliminary |
e generally the systematic errors

= Energy density are estimated to be 30%.

= Thermalization and flow  The ideas (theory):
= |he ideas  In the energy regime we are

- exploring pQCD becomes a
= Jet quenching, what do we reliable tool —
expect? . .
_ e but there are ancillary issues such

= The baseline as the time evolution of the

= The data system which are uncertain

In the Long Range Plan we are
still using words like “preliminary”
and “consistent with”

= High pt spectra— evidence of
deconfinement?

= The future
Richard Seto



Why do this stuff?

= Why Relativistic Heavy lon Collisions?

= To study a hadronic matter at high energy density
- Early universe
= Center of stars
= T0 study the deconfined state of QCD
= Where is the phase transition?
- What order is it?

= Are there critical phenomenon, e.g dis-oriented chiral
condensates?

=« 10 Study the Vacuum - chiral symmetry restoration
= Origin of (hadronic) mass
= To understand the spin of the proton (polarized

PP)
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The QCD phase diagram

11 arly Universe LHC
wo sets of conditions f(Eary niverse ) — K]

- . Deconfined Quark-Gluon Plasma
= High Temperature (RHIC Jc~170Mmev
= High Baryon Density pg
. = Hadron
= TWO different phase g |oges
transitions! N I Color
. matter ¢ -r” superconductor
= The deconfinement St :
transition - particles are
roam freely over large Baryon density p
VOIU me Entropy Den_sity versus Temperature
« The chiral transition - L«
masses change | e | 2
= —~ Same energy density ;‘ £ by
= Lattice QCD Calculations give Bof |
TC~150_200 Mev; T} EJ! AT Imm Vasans Golrmia (19801
~ 11— 3
eCI’itiCBJ 1 2 GEV/fm YTk e ——5% ¢

v
Temperature (MeV)
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How do we hope to see this phase transition?

= Relativistic Heavy lon Collisions
It would nice if we created a bottle of compressed quark and gluon gas

gas — but it isn't
Better analogy — early universe, exploding star

= Time evolution
= Lorenz contracted pancakes
= Pre-equilibrium < ~1fm/c ??
QGP and hydrodynamic expansion :~ few fm/c ??

= Hadronization and freezout 1~ 5-20 fm/c??
QGP and hadronic phase
and freeze-out

initial state hydrodynamic expansion

il
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pre-equilibrium hadronlzatlon

Time Evolution  Richard seto



RHIC The Relativistic Heavy lon Collider

= Located at Brookhaven National ————
Laboratory, Long Island . ; : =,
= Schedule:

= Commissioning: June-July, 1999

= First physics run:
~May-00 through Sep-00

= Two independent rings - 4km
circumference

= Capable of colliding
pp, PA, AA (Au-Au)
= Energy:
®» 500 GeV for p-p (pojdrized)
L ~2 x 1032 g2 st
®» 200 GeV for Ay4Au
L ~2 xA0%6 cm;#’s'1
= Two Big Detéctors
= PHENIX, STAR
= Two Small Detectors
= PHOBOS, BRAHMS
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A STAR — a large acceptance TPC

= Large acceptance TPC STAR Central Event —year 1
= Solenoidal Field

s -l< h <1

= Vertex Detection - SVT

= Primarily Hadrons - year 1
= Multi-strange baryons

= EMCAL - 2nd year -
photons/electrons

Coils | Magnet| SVT

S TRC
— Time of Flight

FTPC Richard Seto



PHENIX: electrons,muons, photons, hadrons
Central Magnet

™ Insta = \ .
m Active - - 3

Muon | D& __ i

Muon
Magnet

West Beam View East

= 2 Arm central spectrometers
+ 2 muon endcaps

= -0.35< h <0.35 (e,g, hadrons)

= 1.2<] h |<2.5 (muons-2nd year)

= Tracking : DC, PC, TEC

= Particle ID : RICH, TEC , EMCal, TOF

=\_ Global Detectors (centrality)

Zero Degree Calorimeters (ZDC)
Beam-Beam Counter (BBC)
Richard Seto

Central Magnet

ZDC South
] Beam

South SideView North



We need to worry about Geometry
Measuring Centrality (impact parameter)

= Zero Degree Calorimeters
(ZDC)
= Sensitive to spectator
neutrons
= common to all four RHIC
experiments

= Using a combination of the
ZDC's and BBC's we can define
Centrality Classes

0
< “Spectators”

paramete!

BBC vs ZDC analog response

0-5 %

& P‘i‘lllll1|IIII|IIII|IIII|IIII|IIII|IIII|III

01 02 03 04 05 06 07 08 09 g
QBBC!Q BEC

\mpact Beam-Be

"> QD

n
“Spectators” > n
np Zero Degree
P Calorimeter
P Richard Seto

ounter (BBC)




Conversion from Centrality to

Nhinary COllisions and N

entries (a.u.)

participants

=Many models of particle production identify two components.

= Soft interactions where production scales with N

) ) ) ] participants
= Hard interactions where production scales with N

binar
dNe/dhn| = Soft” N, + Hard" Non
A simple Glauber model gives Ny o, @and N, icinants
LN R EUE I U R N S S S S

__ HNeEOE Centrality | Collisions | Participants
1 | 0-5% | 945 + 159%0 | 347 + 15%
- 5-15% | 673 + 15% | 271 + 15%0
= 15-30% | 383 + 1596 | 178 + 15%
i 30-60% | 123 + 15%6 | 76 + 15%0
i " | 60-80%| 19609 19+ 60%
80-92% | 3.7+ 60% | 5+ 60%

200

Introduces systematic error

e e Large for peripheral events
Number of DCH tracks/event

Richard Seto




Initial Conditions

= What is the energy density achieved?
= How does it compare to the expect phase transition

value from lattice QCD?

= |Is this energy density thermalized?

Bjorken formula for thermalized energy density

11 dE
Bj 2
n R 210 dy

- —
- —» >~ pR?
-« —
\ J
v

2Ct .

Need to measure
transverse energy
(E1)

Need to estimate the
time to thermalize
the system (t, ~ 0.5
fm/c)

Richard Seto



Transverse Energ

. e
. ° Mini bias E, distribution at mid-rapidity
PHENIX Electromagnetic £m{., RS |
- .. =
calorimeter measures F
transverse energy. w"% 2
; — ",
For the most central events: —=T
1 1 dE; : )
& Bj — 5 1[]5— 64 3
/R ZT 0 dy \ PHENIX preliminary u.
L (TS OO U N MO A S S O SO S WA
f 1I} 10 30 40 50 60
T6.5MM - epirken ~ 5.0 GeV/Tm3 T E
0 200 400 600 dE o i

Lattice phase transition:
ecritical - 1'2 GEV/fmS

Energy deposition is certainly adequate, but does it
create a thermalized new phase of matter?

Richard Seto



= Why flow!?!?

= Imagine trying to study the phase
transition of water by throwing
two bags filled with ice cubes at
each other and observing it from
a distance

Flow

= Pressure build up (energy
density profile)

= EXxplosion with azimuthal
asymmetry
= Zero for central collisions

Hydrodynamics
= Assumes continuum matter
with local equilibrium

= Locally equilibrated or
“thermalized”

Is the system thermal? Look at “elliptic flow”

Pb+ Pb,b=7fm

gual energy density lines

; [Hydrodynamic Calculation
|P. Kolb, J. Sollfrank,

and U. Heinz

“elliptic flow”




Counts

Particle-Plane Correlation

L

a5

150

0w

0.as

0.8

R

0.5

s | Peripheral ]

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

105

0195

BERSEEE (EE RS
t
I,f
{
Bl Seer e

||||||||||||||||||||||||||||||

dN
dydp2do

Definitions - v,, a measure of elliptic flow

u 1+ 2v,(py) cos(2 )

Measure asymmetry in Momentum space

Richard Seto



Strong flow signal

Non-equilibrium Cascade
models e.g. RQMD: v, ~0.02

Consistent with
Hydrodynamics to mid-
central

— .
0_1:—----| ------------------------------------------- m4drapl 4ty |h| <10
i I === Hydrodynamic modzel
0.08 -1 ®-PHOBOS-Preéliminary.
+ I O STAR (PRL)
o.os_—jﬁ --------------------------------------------------------------------------------------------------------- .

0.04f

0.02F

o-l Ll

Peripheral Central

...._

Centrality, PT Dependence of v2

A ﬂl_1IIIIlllllllllllll1lI1II'|IIrlrrll!|llll!l

,.._,.. 0.09

pmm min bias
« protons + anti protons

- Hydro calculations

ESTAH

0.08F
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0

rlIrl’llrT!|T1l|11lI|1llr'||IT1ITIII'l'1'IIr'|1 HIFT

PI’L]IIHI]LII\_;

001 02 03 040506 07 08 09
p, [GeVic]

OK, looks like we might have a
system of high energy density that
Is consistent with being reasonably
thermalized

Now What?
Answer - Probe the system, Let's
see what kind of muck we made!

Richard Seto



= The experiment we would
like to do — Deep Inelastic
Scattering of the QGP

= “hard” probes

Formed in initial collision with h

= \Sensitive to state of hot and

dE/dx by strong interaction
P jet quenching

initial sta

pre-equilibrium

= penetrate hot and dense ma

Hard Probes In Heavy lon Collisions, aka Jet quenching

Beams of colored quarks
Colorl

(et

H
|t

dense matter

igh Q2
[ter

hadronic phase
and freeze-out
oy i v
AEETPR Y Softened Jet

hadronization

Richard Seto



Parton Energy Loss

= Partons are expected to lose energy via gluon
radiation in traversing a quark-gluon plasma

ts fs ty ts

t, t
£ UNTILT 061 TR
E S % 2 k,c
g . 8 5

d-8; Q28> Q383 Q44 gs8s
= Two forms of energy loss considered
= dE/dx ~ constant, static plasma

[ ] dE/dX - L
= This latter one is from QCD calculations
( interference)

= Both Static and expandin

ke t
) D -I-
.0‘0‘0‘1:.:9‘-
b
i

a considered

/Z

Baier, Dokshitzer, Mueller, Schiff, hep-
ph/9907267

Gyulassy, Levai, Vitev, hep-pl/9907461
Wang, nucl-th/9812021

and many more.....

The leading particle energy is lowered (jet quenching).
Hadrons above P, > 1 GeV are expected to be from jet fragmentation.

Thus, we should look for a suppression of high P, hadron production.

Richard Seto



Some expectations — (predictions!)

X.-N Wang

-

A L N

Neutral pion pT — 10% central

v
. Neo shadowing ]

!

)

i 1
— — — M\ ---- EK588 shadowing _
T 7B U — HIJING shadowing _
E - (www—hpc IbI gov) 1.5 L Y -
- B ; : :
* - -
[ - : ‘e no shadowmg ne pT broadenlng . . "
.,Q' : L] ‘e shadowmg pT broademng : Cronin Effect” |
.alo B FREEREERTRTES e - SRR RRPRRS: L T Ly R R TPy PP PP PP R PET AP PR PP RPR P e |
x = . :
S T . i
Z | s &1 - i
had - S f b e 4 S 6 P e "'v-—ﬁﬁo::s?
= 1 R b i !" 7
:é - : o= o .
=z 5 L ¢+ §  dE/dx=0.25 Ge\//fm |
= [ ot

. T L e T W A B e

05

/:—'L’.’ i
v b by v v b b by v By

o — 0 2 4 6 8 10 12 14 16

TCX AUV O O S S S S pr (GeV/c)

| | | | | | | | | Normalize to pp cross section

dE/dx 0. 25 GeV/fm

- T Define:
—||||'||||‘||||‘||||‘||||‘||||'||||‘||||‘||||‘|||| RAA: 1 AA

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5§ <Nbin> pp
pT [GeV/c]
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<L) > o (fm}

V,(py) for high p, particles
Hydro + quench model

/&\ = Gyullasy, Vitev, Wang combine a hydrodynamic
model with a jet quenching scenario.
g = dE/dx ~L
[ 00 e e,
- m—a Hydro+GLV quench., dMidy=1000
0.25 ®—# Hydro+GLV quench.  dNidy=500 .
| #—+ Hydro+GLV quenzn. dNidy=200 |
D20 F ityio ¥ - Quenched pQCD
E-— 0.15 /\L !
ar :ﬂ r
' 0.10 -
0.05 -
0.00 _ 4 = Hydro v,(p,)=Tanh(p,/12) _

0 1 2 3 4 5 6

[G.e

| Py
MG, I. Vitev and X.N. Wang, nucl-th/00012092
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Setting the baseline

n 107
: . i ’5‘“ g CDF + 1800 GeV
To find jet suppression — compare 3 o f 2 630 GeV
to what? 8 10732 UA{ * 900GeV
.. .. o 500 GeV
= Pp collisions scaled to &s = 130 -g 10 L . 200 GeV
GeVv _ E— ISR = 53GeV
= Good fit to a power law T o 23GeV
= Peripheral collisions — an <=
approximation to pp, or pA =
and i
pPQCD Models — Hijing, VNI, etc. <

+ jet dE/dX

= Needed to make quantitative
statements about energy loss

= Some are extensions of standard

Monte-Carlo’s 10 5_ ---------- power law fit %, !
6; — interpolation to 130 Ge’\olr T
10 UIIII1IIII2IIII3HII4H.‘“5

p, (GeV/c)



Models — scaling pp to AA

= How do we scale from pp to AA?

= Nuclear Geometry
= Scale Hard processes with Ny
= Scale soft processes with N

= pp effects
= Intrinsic k;

= Pp to pA effects
= “Cronin effect”, initial state quark scattering
= Nuclear shadowing

= | will explain each of these briefly

participants

Richard Seto



10

.

1N, 1/2m 1/p, dN/dp, (GeV/c)?

—L —L —L
o o o

—L
o

—L
o

Ry
o

pp to AA: Nuclear Geometry ﬂ
« T, « b
TA—rO T \/ }

o N, at 130 GeV e

.
- scaled to min.bias Au-Au T

F — scaled to 5% central Au-Au \

X.N. Wang PRL C81 (2000}

— dEfdx =0
no shadowing. no pt-broading

g

2 3 4 5
p, (GeV/c)

TA(b) = 3dz p A(2,D)
Glauber Eikonal Geometry
Te(b) = (\)dZSTA(S"' 3)Ts(s- 3)

= Hard processes scale with

binary collisions
= scaling to Au-Au (b)) :
b

c sa(b<b.)=o3 pp(‘)dzb T,a (D)
0

\
= scaling to central collisions:
2
> c m = Ao
\r A2 A4/3
b < R » »
y AA( ) < R2 S pp

Richard Seto



5| ' with jets -
Models pp, pp — intrinsic ky | "
? T 4 O UA5 ~
’lc;?\ [ OISR
. £ ;[ * Fermilab o
§ Scallng_ | | s |
= Soft interactions - production T o ._=
. o i
ScaleS_WIth Nparticipants _+ Eof T s S
= Strings : p< p, ~ 1-2 GeV P ° &
= Hard interactions - production : ™ R
scales With Nyiar, by e o
+ pQCD : p> p, e _
= Initial k; included 10-1 o COF et & Tay :
—~ R & UAT v5=0.9 TevV (X107) 3
"o 10 : \ D UAT v3=0.2TeV (X107) 3
P >P, > PR W pHp > (h'+h)/2 ]
10 ".;' —g
o= ¢ dprdydy, 2a % Ta (X)X T, ETW N, S
rﬁ 10 5 ;_ i ‘l;“:'“ ; i‘:\;}\\ *--...,,__'M_- _;
‘“—? —6E ‘-n __— = .‘;
dNen/chn | _ = Soft” N, + Hard" Noin N T
~ 3 Ry E
o] _8F : ]
/ © 10 E N B
( S)=o O jet (9)+0 (S o NG
=R ||||%?
e 8 9 10 11 12



PP 1o pA the Cronin Effect

0.15 . .
= Prior parton scattering o L o
broadens the transverse
momentum spectrum (“Cronin < 2%
effect”). This has the opposite S 0.00
effect of “Jet Quenching.” g %
= I.e. it enhances high p; 0.40 |
—_ 0.00
<pt2>A - <pt2>pp t (A'l) Dpt2
= Not expected to be a large
effect at RHIC energies. Big e i"
effect at CERN-SPS energies. 5 } E—_;W é";{r &2
12 b + 4 ? '
£ —eT 1.4

HIJIng MC ‘é?g ﬁl:c:ﬂi:jlihﬂfmej
1L pW e m

/Be AN pBe |

0.8

0.6 F T ]

N U T I 0 O U T T A U K IS A A U W I O A I O I A A A 1

{0 25 5 T5 100 25 5 75 10
pr (GeV/¢)

Ea=#0Gay T E.=800Cev |




= Nucleon structure
functions are known to
be modified in nuclei.
Fewer partons than
otherwise expected will
lead to fewer high P,
particles.

= Gluon shadowing
= |S not measured,
= |arge role at RHIC

= Measure pA at RHIC!
= For now depend on
peripheral events

16 71—
EKS98 Shadowing
14 B :"’; No Shadowing ]
1.2
)
<. L
o . :
i Hijing Shadowing 1
08 / _
I No shadowing ]
T EKSS8 shadowing
06 o HIJING shadowing -
| | | L1 | | | | | | | | | | | | | | | |

pp to pA: Nuclear shadowing

0 2 4 6 8 10 12
pT(GeV/C)
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Results from the SPS

[N |
o CERN SPS 10% central u
2
% 10 7= o WAZ8 Pb-Pb
F m]
5 F o « CERES Pb-AL
b= 1 D
ol L K= hydro fit by WASS
RS, 19 £ ', (T=185 MeV; B=0.21) |
% C —— pGCD (X.-N. Wang)
a 1 ¢ m
T— E
— i
SNio L
— E
E :
I
—
3t
10 ¢
Al
10 ¢
5
10 o
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PHENIX Data: p° spectra

g Neutral pion pT spectra

[ =

{8 E . .
2oL PHENIX Preliminary
& ¢

St )

f‘.\l_, . ‘ e 10% central

% - % e Minimum bias

- [ % ® 75-92% peripheral
=

;2_10_15— ¢

< F ; ® & = 130 GeV

’

Systematic errors included ¢

Main sources:
=  peak extraction

= PIDloss -3 f i
. : 10
= efficiency calculations

® non-vertex pions

i <«—Central

f

N\

. T scale : f
. " 4 Peripheral 1 A
v e Centrality ~Ng,, ~N.. - Min bias
pT>2 10% 800 300 10_5||||||||I|\I||||||\|||||||\|||||||‘||||||||||||||
GeV,asym<0.8 M.B. 125 75 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
. pT [GeV/c]
75-92% 10 10 -1M Min Bias AuAU events
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= pO spectra matches
identified charged
pion spectra —
different systematics!

1N, 1721 1/p, dN/dp, (Ge\h’c)'2
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Comparison to charged spectra

RHIC Au-Au min.bias

2 preliminary
" o PHENIX {(h*+ h2
£ O = PHEM X o
i Em PHEMN IX (" +m )2
L =
=
C DD
- J:I
_ %0
3 o
C g ]
of TE'% All charged
g by
: } ¢
o (7t +7)/2 Etk"ﬂm
5 f+ quch%
—4: 7TO ’ [:tﬂqﬁp'
o 1 > 3 4 B
p; (GeV/c)
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Comparison with QCD calculations:Peripheral Events

o
o) -
= 1 F PHENIX preliminary
3 +
o 4]
‘-._:: _1 o T
é.‘-l 0 3 peripheral {75-92%])
= B
L= -2T
agl0 ¢
~— &
b, e i
= L
o -3
— 10 =
= o
<] L
L af
=10 ¢
-RrxX.N. Wang PRC 61 (2000}
10 | —dEax-o0
f na shadowing, no pt-broading
I -—---dEdx = 0, shadowing
-6 shadowin, pt-broading
1 0 E -dEdx = 0.25 Gefm
F shadowing, pt-broading
PR T T SN ST SN ST NN SN SNTAN SR AT S ST S

I > 3 4 5
Py (GeV/c)

= good agreement with pQCD calculation in Peripheral Collisions
= Includes Intrinsic k;, Cronin, shadowing

= Baseline is OK |
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= p-QCD over estimates

the cross-section
« for p@ at least x5
= shadowing and p;-

broadening seem
iInsufficient

= calculation including
constant energy loss
= consistent with p°

—_
4]

. dN/dp, (GeV/c)”
O

1N, 1/2m 1/p
o .

—l

0

10

10

-
&

5

Ar

1
—
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Central Events — Jet quenching?

3 PHENIX preliminary

0
T

central {10%)

dE/dx = 0 (pQCD)

dE/dx=0.25
GeV/fm

- X.N. Wang PRC 81 {2000}
E —dEdx =0

na shadawing, no pt-broading
- ----dEdx = 0, shadowing
shadowin, pt-broading

E dEdx = 0.25 GeWm
o shadowing, pt-broading

I > 3 4 5



Just compared to scaled

S pp(UAl fit 130)
Still suppression x5

Cronin and Shadowing effects
not included

Some sanity checks - 1

G.David, PHENIX

DHE 10 2L PHENIX preliminary
os-_J
S 10 L 10%
‘""‘: 75-92%
o
-~
= 1 F
ol ~.Central
=10 =
= : .
T
<10 F
9 E
= af
— 10 3
il
10 5
5F  UA1(130)
10 E --- scaled 1o 5% central
BE — scaled to 80-92% central
L PR (N TN VY T AN (N TR SO SN SN NN TN TN TR S NN SN SR SR
10 5 1 2 3 4 5
P, (GeV/c)
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= Maybe scaling is wrong?

Check with central
collisions at the SPS
(where we don'’t see
guenching)

No quench hypothesis
fits well to central
events

Some sanity checks - 2

T IIIIIIII

mtmime A =2 fim

dE/dx=0.01 GeV/fm

Pb+Pb — °
central 10%

E, =158 AGeV
WA98

[a—

1.5 2

25 3 35 4

pr (GeV/e)
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Sanity check — 3 Ratio Central/Peripheral

= nhormalize central to
peripheral divided by
|\lBinary

= different systematic
errors:

many experimental
errors cancel

systematic uncertainty

— ha

=
oo

= =
ha P

RAA = (central/MN_ ) / {(peripheral/MN__ )
= >

within systematic errors:
RAA <1

PHENIX preliminary

[ o PHENIX (ht+h')/2 o PHENIX °
I BO-B0% 8

p, (GeV/c)
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Charged particle anisotropy
P < 4.5 GeV/c vs Hydrodynamics

Hydrodynamics A (3T e
seems to over predict £ [ © charged particles  prejiminary
v, for pT>2 GeV > 0.2 Hydro pions

T particles come
o SR

from hard scattering :
= Not in equilibrium 0.15F

IIIIIIIIIIlIIIIIIIII.IIIIIIIIII

= hydrodynamics -
) 0.1
shouldn’t work B Only statistical errors shown
Jet quenching for - systematic error 10% - 20%
0.05F for p, = 2 — 4.5 GeV/c
non-Central events? :
. FAETEINETISNENI CNN Nl CNNEE FNCEENEENE PNENY CNETIANET
Caveat — comparing O s T s s s e s
to all charged p, [GeVic]
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Preliminary STAR Charged particle anisotropy

) 0&_'"'I""I""I'"'I""I“"I'"'I""I""I""_
= " o STAR Min. Bias Data (statistical errors only)
2 0.25F - HydrotGLV quench. dN */dy=1000 :
= Differential v,(p;): ““I"- Hydro+GLV quench., dN*fdw-iﬂl} 7
- -H}'dru+GLV quench.,dN %/dy=200 ]
m Hydro up to ~1.5 GeV M:_ AE ~ pyuelto) =
= Flow signal consistent with Jet : -
inal 0.151 =
Quenching! - ;
0.1 F

005t 2. . R T
F ) unsas Preliminary -
B Charged Particles v, _
{]- |Itlll|IIII!I|III|IIIIII.II|||I|I|IIII‘II|IIIIIII-‘

{}“ 05 1 L5 2 25 3 35 4 45
p, [GeVie]
systm. error 10% - 20% for p, = 2 - 4.5 GeV/c

n

Flow signal consistent with Jet Quenching!

Kolb et al (Hydro) + MG, P. Levai, I.Vitev (dEq.p/dX) PRL85(00)5535
MG, I.Vitev and X.N. Wang, nucl-th/00012092, PRL in press
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Some Dirty Laundry

= Comparison of
charged particle
spectra from

PHENIX (h* + h-)/2
STAR h-
30% discrepancy

Careful comparisons
between experiments
with the same cuts
have yet to be made

(GeVic)”

 dN/dp,
o

1/N,,,

10

10

3

10 7

2

1/21t Np
S

J.C. Dunlop, STAR
F. Messer, PHENIX

.  RHIC Au-Au 5% central
preliminary

o PHENIX (h*+h7)2
= STARNK




Jets : the future

= Nextrun (starting in May  u Later as Luminosity

= p°toPt~10GeV'! = Direct g-tagged events:
= Greater sensitivity to exact Eg—Ejet
energy loss
How big?

Proportional to mean free path?
= Back to back high pt particles
= PA running??? Critical !
= Possibly high pt K-

= Has no valence quarks ~ "u s

should be sensitive to gluon
jets

Gluons should have more
higher dE/dx than quarks
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PHENIX: Shape of Things to Come — electrons, muons

FPHEMNIX RUMN 12010 seq0010 event 291
= Completion of Central Arms v il .
. . e " EastArm West Arm/
= Significantly /NS
increased aperture ST A AN (e
P PSS OAD T
» Electrons! FaSSS
= Tough in Heavy lon Collisions ‘ %| L K
Low energy ~ < 3 GeV e
= All subsystems in concert :> "'-f.rj'ﬂ-,;;;rm
A EC = = ]
= Redundancy of PID 2 roReo 6 PMTRICH ring v %
. L EMCAL 2.6 GeVic track = /€M
= Addition of new capabilities R VENE L
= South Muon Arm RICH EMCAL
=>» Di-muon physics
®» The ~5M events recorded e
In Run-1 represent g
~1 day of data-taking for :
RHIC+PHENIX in Run-2




What about the chiral phase transition or
Where does mass (hadronic) come from?

= Space filled with a chiral condensate " yyw
= Similar to the higgs field for E-W theory
= iy - goo of quarks and gluons
= Couples to quarks and gluons

= Spontaneous symmetry breaking (l.e. chiral)
of the quark condensate at low Temperature

generates hadron masses V()
V(f) V() x‘f
\ |/
f \Lf
T<Tc T~T. T>T,

= AST® T.,mass® O
= How do we heat up the vacuum?

= RHI collision leaves a region of excited "qq, g
— ie hot vacuum




Looking for Chiral symmetry restoration
Vector Meson mass shifts in the dilepton channel

Light” Vector mesons are ideal probes (p,w,¢)

= Like putting a scale to measure .
mass inside the fireball
= Short lifetime ~ few fm/c s |
» Decay inside hot firebal h Ten
= Electrons (and muons) are ideal messengers
= Don't interact strongly (e.g. neutrinos from the sun)‘ \

-1.3

:qt- ¢
% o2 T- ‘e d |
3'5 o % o o
E E

Qg Uj? Dlﬂ- l.'.'liQ
M[Ce]

= In Medium p,w

= R. Rapp (Nucl. Phys A661(1999) 238c
- + shows low mass tail -

= With its good mass resolution PHENIX should be able to see this
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Other topics

= Phenix will add
= Complete central arms — Electron physics!
= Muon arms — J/y, heavy quark physics
= STAR will add

= Silicon Vertex Tracker
= Measurement of X W

= large acceptance EMCAL over the next several year
= Will get into the electron and photon game
= Other Physics Topics — all detectors
= J/y suppression
= Search for chiral symmetry restoration, mass shifts of the light
vector mesons
= Heavy quarks
= PA physics
= Of course spin physics
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Conclusions

Energy density ~ 1.5 x value at CERN SPS
Observation of significant elliptic flow indicating thermalization

Systematic study of p; spectra for p%s versus centrality show

= Good agreement for peripheral collisions with predictions from hard
scattering

= Clear deficit in more central collisions
= Data-to-data comparisons
= Data-to-model comparisons

high-p, data ar e consistent with “jet quenching” predictions!!

Ideally positioned to dramatically extend these results in the future
and hopefully answer:

= What is the nature of the deconfinement transition?

= Where is the chiral phase transition? — are they related? — how?
= Order of transitions?

= What is the energy loss as particles travel through the qgp?

= Any critical phenomena associated with the phase transitions?

Richard Seto



