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t = 15 billion years

Today T £107 sec Nucleus-nucleus collisions initial
T=1 meV may probe the physics of conditions
Galaxy formation this quark-hadron transition
Epoch of gravitational collapse a
R binati “
e;e‘;::ad:;i:nnd‘(’egouples (CBR) 197Au J w0 9:3-
Matter domination ﬁ ‘_ grh 3.
Onset of gravitational instahility .}3 o o
X, c o
t=3minutes ~ o
. D
ey |_t=1 second )
T=1MeV

Quark-hadron transitio i FPEON
Hadrons form - protons & neutroqs T =1 GeV

Electroweak phase transition
Electromagnetic & weak nuclear

forces become differenfiated:
SU(3)xSU(2)xU(1) -> SU(3)xU(1)

T =10°GeV

hadrons form

v

The Particle Desert
Axions, supersymmetry?

R B Mt hadronic
Crinlaney ettt e U ey interactions
Inflation, baryogenesis, N 2.9
monaopales, gogmic strings, etc.? i e q i- o R g \l/ \L
The Planck epoch UrQMD Group — Frankfurt observations
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Non-central Collisions

EVENT ANISOTROPY: A UNIQUE OBSERVABLE

' Introduction
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The initial spatial anisotropy evolves
into a momentum space anisotropy

3 2
EdN L_dN (1+ E2vncos(nq)))

&*p 21 ppdpdy

n=1

"Elliptic flow" v, is the largest harmonic
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- Elliptic Flow v,

Does pressure convert spatial anisotropy to momentum
anisotropy according to the equations of ideal hydrodynamics?

it

.

[ [ '
Hiydra mocdel R Mass ordering for soft
| particles indicative of a

common velocity.

S
—
I

Calculations are sensitive
to the nature of the
equation-of-state.

Anisotropy Parameter v,
2
|

Consistent with the
formation of locally
equilibrated matter.
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% Elliptic Flow v,
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At higher p,; the mass ordering breaks: with the moment

anisotropy v, larger for baryons than mesons.

PRL 92 (2004) 052302; PRL 91 (2003) 182301
' PHENIX Data | STAR Data

| T

03l Hydro model Data | |

| K o ¢ hh Data deviate from
......... K AN K +K' _,,-,.-r~f'-’7'ﬁ'.‘ A KS

O pp_. -2z e a+x| - hydro at higher p; (as
+ expected).

ety b
o 414 + i | How is v, established
' — at p; above 2 GeV/c?

o
N

o
-

Why is baryon v, so

Anisotropy Parameter v,

O | e e — _
large; because of its
| 1 | L | I |
0 2 4 6 Mass or quark
Transverse Momentum p; (GeV/c) number?

%
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214 Constituent-quark scaling
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At intermediate p; v, appears to
depend on quark-number

For p;/n > 0.6 GeV/c, v, scales
with the no. of constituent
quarks n, as predicted for
hadron formation by quark
coalescence

0.05

1.5

10€281 (£002) L6 14d :20£250 (#002) 26 18d

() hadron hadron~ quark quark
V) Pr ) =Ny, (pT )

hadron quark

"—é' Pr = Npr
=[] ons deviate: perhaps because

they are goldstone bosons and
do not acquire their mass from
constituent quarks.

Data/Fit

0.5
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Another probe of the . } f,ih?r ed Hadrons =
) : 0 af o000 :
expansion dynamics T 8f ? o Ftigs i
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With better statistics at intermediate I T - Y 'é

pr we can test constituent quark P, (GeV/c)
scaling for meson and baryon v,.
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CENTRALITY DEPENDENCE OF YIELDS

Spectra from head - on (central)

collisions compared to spectra from
STAR Preliminary (Au+Au @ 200 GeV)
N I

grazing (peripheral) collisions: T Scaling 1
centra —— bi
[@N/dprds] ™ gt el
I:dZN /de dy] peripheral N;‘;zlr;tral

Rep

scaled by the expected number of
R, =1

hard collisions N

coll *

indicates scaling.

40-60%

|

10"

heral

Central

Signature of jet-quenching
.

Transverse Momentum p,(GeV/c)

Factor of 5 suppressiofr of yields!




S

«=24  3rd pjece of the puzzle

TAWRENCE BERKEI.EY NATIONAL LABORATORY

Hydro IO’I-JI::NIX sré? 3 l |n|t| aI pT'mg>4| GeV/c andeT.assoc_ >2.(I) GeV/c |
;N oa K K e b conditions 0.2 TS:Z:T (;rjéglzs -
?% g 4 Au+Au central
© kS]
< o005 = %
% 2 '\g 0.1
2 o ES
D B §- %
0 1 R
Transverse Momentum p, (GeV/c 0 Ad
STAR Preliminary A | | |
! Scalling ! I ! I [ 0 oL
— binary
1 | - participant A¢ (radians)
s I Near-side correlations are "similar”in
S p+p, d+Au, and Au+Au.
Py
S adrons form . . .
3 Away-side correlations in Au+Au are
x £ : \l/ \l/ drastically different.
sKs  ®A+A hadronic
10'13AK1, fhtl i , ('; — interactions Jet quencn|ng IN dense matter.
Transverse Momentum p, (GeV/c) \l/ \]/ reduces hlgh pT Y|e|ds and

observations back-to-back correlations
R
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== * What's happening at intermediate p;?
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STAR Preliminary Pruig>4 GeV/c and p; .. >2.0 GeVic
I T I T I T I ' I ' I ! I I T T I
Sca;'_"g | STAR  PHENIX — p+p min. bias
-~ participant N AKS_ AKTK 0.21- * d+Au0-20%
1 partel 5 o2 SAA  Optp % 4 Au+Au central
+ e = ~
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ApAx =

- We are in the p; region to probe constituent-quark length
scales and observe quark numbers dependencies.

« Recombination is one possible microscopic explanation of
how the quark-number dependence arises.
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Hard Processes at Intermediate p?
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Anisotropy at intermediate p; is too large for any models that don't
incorporate either hydrodynamics or recombination.

No mechanism has been proposed that can yield these v, values for hadrons
produced predominantly from hard processes.

*Energy loss calculations may work for v, at higher p; but not here.
*Already shown by

§ - STAR: nucl-ex/0407007 | I-llarféﬂlell;?g’ Shuryak at QM2001
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Associated Yield
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“Jettiness” at Intermediate p+
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Perhaps correlations amongst constituent
quarks that recombine can account for
the correlations in Au+Au collisions.
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=24 Correlations: the odd man out?
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Observed correlations might be accommodated
within the same picture that explains less
suppression of baryon yields AND a larger

baryon v,? . PHENIX arXivnucl-ex0408007
(7] 0.1— . —
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r MESON TRIGGER 1 BARYON TRIGGER = L i # |
. I 1 3 B ]
[ ®AuAu, 0-5% 1T OAuAu, 20-40% 4 E) 0.05— * ; —]
[ wAuAu, 5-10% 1 0AuAu, 40-60% ] > 8y e I ]
Z| S af OAuAu, 10-20% 1 #AuAu, 60-70% ] B T ]
z|§ 1 : R S E
0
.20 _
- Z‘b B e meson triggers, AuAu _
B = baryon triggers, AuAu i
3'0-05_} .:}:::......l........:}::::::._
r oceef o S . /f O 8 oil Away Side © meson triggers, dAu .
ik T ) ] é T O baryon triggers, dAu -
A unle > ] % B a charged hadron triggers, pp
: 50 w > 005 -
0000 6 b Bann0008R00.0 %TT‘ | 0o a0l G % i # l i
T : P i 2dad $TT  Tdaa® oL } ]
o TR L bl T T 1 Il B ° -
_||||||||||||||||||||||||||||||“IIII|IIII|IIII|IIII|IIII|IIII|_ - -
I S S T S S S N T S S S S ST SO ST S SN S SO ST ST S T S ST S AT S L

0 05 1 15 2 25 3005 1 15 2 25 3 0 100 200 300 N

A(I) part

R

DPF — UC Riverside — August 2004




S

=] Conclusions

ILAWRENCE BERKEI.EY NATIONAL L ABORATORY

initial e An apparent constituent-quark-number
condtions dependence arises in nuclear collisions:
( \ — most likely a manifestation of sub-hadronic degrees-
4 3 of-freedom.
o g — will demonstrate that coordinate- to momentum-
& g space conversion happens before hadrons are formed.

— the larger data set being analyzed will be conclusive.
e Baryon yields at intermediate p; are not
suppressed (R-p~1):

— rules out available jet-quenching explanation of the

hadrons form large baryon v..
Vv e SO far, correlation measurements are

teractons \_ difficult to interpret:

interactions
J, V — but they are likely to reveal how the non-hadronic

“matter” and hard probes interact.

observations
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