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How many bodies arerequired beforewe have a
oroblem? G.E. Brown points out that this case can
ne answered by alook at history. In XVIII
century Newtonian mechanics, the three-body
problem was insoluble. With the birth of relativity
around 1910 and quantum electrodynamicsin
1930, the two- and one-body problems become
Insoluble. And within modern quantum field
theory, the problem of zero bodies (vacuum) is
Insoluble. So, If we are out after exact solutions,
no bodies at all isalready too many.

R.D. Mattuck, A guide to Feynmann diagrams
McGraw Hill , NY 1976



| mpres e niskoenergetycznego obserwatora

narzdzia: SPS- RHIC - LHC
elementarz: y, pdetektory
motywacje

wyniki ,globalne”: krotnaci, temperatura,
potencjat bariochemiczny

Jet quenching”
mezony w materii
Jak mierzy¢ fotony w polu magnetycznym?



Some Pre-Conference Advice
Advice to Experimentalists:

Never let atheorist tell you something
IStoo complicated to explain.

Advice to Theoridsts:

Never let an experimentalist tell you
something istoo complicated to explain.

Most all thingsarereally ssmple once we under stand.
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Relativistic Heavy lon Collider, RHIC

e 3.83 km circumference

—_—

e Two separated rings
e« 120 bunches/ring
e 106 ns bunch crossing ti

e A+A, p+A, p+p
« Maximum Beam Energy

« 500 GeV for p+p
« 200A GeV for Au+Au

e Luminosity

e AutAu: 2 x1F%cm?st
e«  b+h :2x16%cm?st
« Mid-rapidity at 90°
e [nteraction Point




Beam @ RHIC Complex

ATRH ¢ Alcernating
Booster ol Gradient
Acceleratcor “,‘ Syrchrotron

Tandem
Van de Graaff

Heavy lon
Transfer Line




Large Hadron Colllder LHC

e Pb82@ 2.76A TeV
e Initial Luminosity 1G7 cnr?s?
* Luminosity half-life 4.2 h Geneva
» 430b of e.m. processes | ' i -
Pb+Pb collisions
* Quench of quadrupoles
« Of course
‘p@7TeV
e L,=1C*cnr?st

p+p @ 14A TeV in ~2007
Pb+Pb @ 5.5A TeV in ~2008




Why Rapidity?

vy :
Kinematical reason:

*The shape of the rapidity distributiaan/dy, is invariant

y=0.54In

~

/E+pz\

(E7P,

Dvnamical reason:

=) Y =Y+ Y,

 The invariant cross-section can be factorized

do

do . dn

) 2rrpdydp. 271p.dp. dy



Pseudo rapidity
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Charged Particle Identification at PHENIX

PHENIX Detector - Second Year Physics Run Smgle particle spectra and
elliptic flow w.r.t reaction
plane analysis

HBT analysis
Time-of-Flight
by Calorimeter
PID by high resolution TOF
* large acceptance
(Ap =) * broad p; range
T, K< 2 GeV

e proton, anti-proton < 4 GeV
West Beam View * A(p = T"-/4

4PH ENIX Electromagnetic calorimeter \s=200GeV

- PHENIX High Resolution TOF
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ZDC Energy Sum

Event Selection

PHENIX Detector - Second Year Physics R

||| ‘%04347 Central Magnet |
15-20% = C South ZDC North
MulD | | MulD ]
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| Installed W Active

it b cl s Lo b | U
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0 2000
BBC Charge Sum

- Centrality selection : Used charge sum of Beam-
Beam Counter (BBC, | n |=3~4) and energy of Zero-
degree calorimeter (ZDC) in minimum bias events.
* Extracted N, based on Glauber model.



Au+Au Analysis

‘ Event Selection: ‘ ‘ High p Track Selection:
2 S
5\ iﬂ‘““ Preliminary Vs, = 200 GeV dca = distance of closest
el \\“‘%m approach to the primary
: T vertex
10 :_aé 2| e %: 2| Primary
- & | 2 vertex
34213 %3 tex
107 L Positive
: Negative  signed Dca
L | I T I SR 1 .
: sighed Dca
0 100 200 300 400 Un5é]grre éitﬁg]d N, Prlm ary
vertex
Centrality classes based on |signed Dca| < 1 cm

mid-rapidity multiplicity In| < 0.5



121 p;) d*Nidp; dn|, _, ((GeV/ic)™)

Charged hadron, gpectra

- .
130 GeV nucl-ex/0206011 iﬂnﬂ Preliminary Vsy, = 200 GeV

3
10 e+ I i T O O | | | I
(h'+h )2 "5\ (h'+h )/2
Au+Au\s,, = 130 GeV :«\H Au+Au\s,, = 200 GeV
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CERN SPSresults (NA50, NA38, NA5])
(eg. Physics Of Atomic Nucle 65, 325 (2002))

Lar J/Y - ppu decays
i + measured / expected
Lole 1A 1+ %l .
KRN el Expected J¥ yields are
: corrected for "ordinary"
0 nuclear absorption
. PbPb 1995 ‘;} assumings.4 mb
. . .
- = bEPh 1008 absorption cross section
m SUNA3S
0.2 apANA3Z +
o pp(d) NASI
0 1 2 3
e, GeV/fm?

Many arguments about whether thisis strong evidence of
QGP at SPSenergies, but it isclearly VERY interesting!



Picture: © UrQMD

XZ - the reaction plane







Outline of a heavy 1on collision

pre-collision
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STAR QM Talk: F. Retiere
Collision images: S. Bass

Chemical freeze out
Kinetic freeze out
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Net protons vs rapidity at RHIC

54 = I e p
455 BRAHMS 200 GeV PRELIMINARY 1| © P
= I I B net proton
40—
- | |
33E | |
> 30 1 l
2 25 — [ |
prd = | I
© 205 | l
15 ! [
— | I
10 0 :
55 l I
n: | | | | | | | | | | Il | | | | | | II | |
=5 =4 -2 0 2 4 3]
- Rapidity BRAHMS .
E‘atl:*t?ﬂ'zm2 |.G.Bearden, Niels Bohr Institute

20 July 200



Rapidity density at RHIC (0-10% centrai)
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Net protons

| L A
® net-protons (p - p)
(0 negative hadrons/5
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dN/an vs. collision energy

~5% central Au+Au (Pb+PDb) collisions
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Ratios, experiment vs. a model

Central
130 GeV Au+Au
Preliminary Data

Al
Agreement between 10 ¢

model and data is
very good!

Thermal fits to mid-rapidity
spectra have caveats regardi
non-4rtmeasurements (local
vs. global equilibrium, boost-

invariance).
M. Kaneta and N. Xu,
J. Phys. @7 (2001) 589

T.,= 17619 [hMeV|
- 1 q.'.-" ch
El = f
"Npﬂl'fj 3451 = 12.0+1.2 |MeV]
= l4+18 [MeV]
T=095+0.10
1 Le + . %
4= A yoidof= 4,673
B *
. L
-2
10 | model caleulation -
-+ data used for fit
|+ data NOT used for fit
0 STAR Preliminary $
F | | | | | | | | | |
ng k' ' %
= \ [ k. .4 K i = {2
L2 = ) [ m m m m m
S T ®
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Ratios

10”7
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Statistical Model: First Look at AUAu @ 200 GeV

plp A EIE QIQ nint KIK Kin pim K9h /b A E/hT Q/n

plp KIK' Kin pln Q/h

_ . 10 =, x 50

= L e OF TEE Y

PN e ' FEEA

| % STAR = ! T

S = =

— =z ;

— A BRAHMS ﬂ%‘ : K3

B sn=130 GeV e 1 s =200 GeV

| Model re-fit with all data L+ ["Model prediction for

— T=176 MeV, pu, =41 MeV _7%_ 1| T=177 MeV, p, =29 MeV
Braun-Munzinger et al., PLB 518 (2001) 41 D Magestro (updated July 22, 2002)

All 200 GeV data taken from QM talks: Predictions:

F. Wang (STAR)/G. Van Buren (STAR)/
T. Chujo (PHENIX)/Ouerdane (BRAHMS)
J. Lee (BRAHMS)/B. Wosiek (PHOBOS)
New 130 GeV data are:

C. Suire (STAR)/J. Castillo (STAR)

phenomenologically:
U ~ 1.3 GeV (1+Vs/4.5 GeV)1!
assume unified freeze-out

condition:

(EY(N)~1.1GeV =T




Where are we? Are we there (yef)

STAR Preliminary
130 GeV Au+Au

e Chemical, thermal
equilibrium
description gives 3
high T, lowpg: =
— Consistent witlg

Lattice QCD phase boundary

/ Z. Fodor and S.D. Katz
nucl-th/0201071

200

L

region of phasg =
bOUﬂdary from THERMAL MODELS FIT

. 100 TO RHIC DATA:
Ia.t“Ce QCDI M. Kaneta, N. Xu

5 P. Braun-dl\l/_lugz\i]ngser, [r)1 II\/Iagestro,
mi K.R ,J. St
o Slmllar to early W. Bron(iaov:/(;ki, W. Ijllgrlfowski

I | J. Rafelski, J. Letessier

universe: 0.2 0.4 0.6 0.8 1 1.2 1.4

baryenic chemical potential uy [GeV|



High- p , hadron

Leading Particle Suppression
%

Gluon
AN
_>
>
_>

JEtS modified in heavy bremsstrahl.
leading 3 e e 9 ) 2
oarticle 10N collisions? |
hadronsﬁ 2
fal =

A 444

./ @l Hip |2
J Jet quenching |/
hadrons ‘/lﬁ, ¥ Partonic Energy loss in / 2
high density matter . [ eaang
:)eaa:tlii;% \ ) / suppressed
Nuclear Modification Factor: O - é/””" (\
_ d2N™/dp.dn e
RAA( pT) —_ 5 NN hadrons l&
T, d°c™ /dp.dn |
/‘ 4 :faarctlilzl?e g

Glauber Model



e Peripheral:

—

[=]

¢ 7°@ AuAu 200 GeV [70-80%]

¥ 7° pp @ 200 GeV [Ncoll(70-80%) scaled]
. Uncertaintyin N __, pp scaling

70-80% PERIPHERAL
N _,=12.3 4.0

coll

=

2 3 4 5 6 7 8

1% p; (GeVic)

. Central;

10°
| E
5 F * 7% AuAu @ 200 GeV [0-10%]
> 10 L ¥ 7%pp @ 200 GeV [Ncoll(0-10%) scaled]
S E Uncertainty in N __, pp scaling
= F s
L 0-10% CENTRAL
] = ] —
2 E — +
w10 :Q®'
2 &
N\E
-2
0 =
T
B Z
S0
10 L
1071
-g
10
SE R R K W N N N S RO N N N S S R R A
0 2 4 6 3 10

TN :
PH:- “ENIX

19 p; (GeVic)

Large suppression (increasing with ' p;)
above p~1 GeV/c compared to scaled pp.




_ dN/dpran (S1AR)

R,, Comparison to p= 6 GeV/c

130 GeV nucl-ex/0206011

Centrality: 60-80%

0

<«— Peripheral R,, scales as

Npinary above pr = 2 GeV




R,, Comparison to p= 6 GeV/c

130 GeV nucl-ex/0206011

Centrality: 40-60%

(@

_ dN/dprdn (S1AR)

Peripheral R,, scales as
Npinary above pr = 2 GeV




R,, Comparison to p= 6 GeV/c

130 GeV nucl-ex/0206011

Centrality: 30-40%

)

_ dN/dpran (S1AR)

As centrality decreases,
suppression sets in
above p; = 2 GeV




_ dN/dpran (S1AR)

R,, Comparison to p= 6 GeV/c

130 GeV nucl-ex/0206011

Centrality: 10-20%

Q@

i \

As centrality decreases,
suppression sets in
above p; = 2 GeV




_ dN/dpran (S1AR)

R,, Comparison to p= 6 GeV/c

130 GeV nucl-ex/0206011

Centrality: 5-10%

O

In the most central
collisions, suppression
is clear



_ dN/dpran (S1AR)

R,, Comparison to p= 6 GeV/c

130 GeV nucl-ex/0206011

Centrality: 0-5%

@

™

In the most central
collisions, suppression
is strongest
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Summary & Outlook

\
RTAR Preliminary Vsyy = 200 GeV

Binary scaling

o

«High p; hadron suppression saturates above p; = 6

GeV/c

2 | | | 4 | | | 6 | | |



® - K*K- Invariant Mass

Au+ Au Vs, =200 GeV
Centrality 40 —80 %
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- - 1 |
60— _ _ R
B il 1 1.1
41
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} 1 . s=218+24
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d -2 e'e Mass Spectrum

Au+ Au Vs, =200 GeV
Minimum bias

S=101+47(stat}> (syst) \ o _;
o ZHHH AMHWH i
Preiminary TR i
PH ENIX 0.9 1 11 12 13 14

mass [GeV/c?]



Minimum bias dN/dy

« only probe at RHIC for chiral

‘- symmetry restoration (until PHENIX
® - K*K- (TOF) upgrade)

« STAR & PHENIX can (in principle)
measure both channels

d N e requires high statistics, high precision
— =201+ O,22t :(L)g; measurement
y stat syst Data are consistent

PHENIX Prefiminary Wlth free Vacuum
- PDG branching

fraction values
within 1o statistical

P AR/dy (ALAL 0-90% Central)

b > e'e errors.
d_N — A+ 254:2% 7 E - Preliminary
dy TR eKeee pHTENIX



Why are photons interesting?

e To Study Hot Dense Matter

Long mean free path in dense mattenuch larger than the transverse size of ir
created in Heavy lon Collisions

* Probe the Partonic Stages of Heavy lon Collisions

Partonic Interactions - Compton (ggyy) and Annihilation (gg- gy, qg- YY)
Electromagnetic Bremsstrahlung{ajy)



How do we measure photons?

By reconstructing photon conversions

-V e e’
TPC was used as a Pair Spectrometer
— low efficiency (1%) =

— but large acceptance

— excellent energy resolution

A p,/p, U2% at p=0.5GeV/c
A p,/p, 4% at p=3.0GeV/c

* Detected
energy
loss in the TPC




Converters iIn STAR

TPC
° gaS ‘E‘ 6l-—>

Silicon Vertex Tracker (SVT) T wl *
e SUpport cones > ’
e support rods and silicon ladder 20}

-100 lr . (mcﬂm)

Electronics
Platforms

Forward Time Projection Chamber



Anade & Pad

A Typical STAR
- Event

e Field
e Cage

OQuiter Field Cage
& Support Tube

2004 Primary Photon Candidates
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Two Photon Decays

O
™ - Yy
n- Yy
™ S yy Branching Ratio 98.80 %
vZ - eteZ Conversion Probability ~ 1%
e ande Tracking Efficiency 60 - 90%

Overall® Reconstruction probability ~-10



Extractingm® - yvy Yields

One photon rotated Two photon invariant mass
by Ttin @, P spectrum,
2nd order polynomial 2 Gaussian + N*(2" poly)

I

10000

10000+

5000k 5000

| | | | | | | | |
0.03 0.1 013 0.z 0.23 0.03 0.1 013 0.z 0.23
M (GeVid) M (GeVid)
¥ ¥

Z 1000
s
=

a00

After background subtraction,
Gaussian@~10 MeV/@)

| | | | |
0.05 0.1 015 0.2 0.25
M (GeVic)
¥y



Section
— N -Yyywas observed!

(2000)

Outlook

 Measure the Cross

1.000 <pl<1.500

i~ VY

000 -

A
Hrpl = {4637 H
Mean = 0,55

FMES = Dr=aidn
Chiz rufi= 7.004 v

Teld =525 11584

FUTH  =eRT L Drai

« With photon,r® andn :
measurements 3900
— extract a cross section for

direct photon production at :
Vsyy = 200 GeV s7oal

Fivan = OSGE A DT
ram ly =0A79L 4 Doy
linwdth=wone 4 1

oy = 1a0besnd 4 0

3800

I Iy =1%0Fe+nd 4 7

vy =-1333 4 0

ma
Hrl= K=
Bra - kAL

raE =< HII
=TadCwll - ALY

FrEH - R RLY
L]

3600

INETE RN NN |-|“| <I-I<I-=I-=I--I<I"I-=I"|-:1I L1
048 0.5 052 054 056 058 0.6 0.G2
— Two Photon Invariant Mass (GeVjc




We are excited
about the first
results.

We are working
on systematic
errors.




