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Karsch, Redlich, Tawfik,
Eur.Phys.J.C29:549-556,2003

“In 1972 the early universe
seemed hopelessly
opaque...conditions of ultrahigh
temperatures...produce a
theoretically intractable mess.
But asymptotic freedom renders

B ultrahigh temperatures

friendly...” Frank Wilczek,
Nobel Lecture (RMP 05)

8 “‘Before [QCD] we could not go

back further than 200,000 years
after the Big Bang.
Today...since QCD simplifies at
high energy, we can extrapolate
to very early times when
nucleons melted...to form a

quark-gluon plasma.” David
Gross, Nobel Lecture (RMP 05)
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What Are the New States of Matter at Exceedingly
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The theory of how protons and neutrons form the atomic nuclei of the
chemical elements is well developed. At higher densities, neutrons and
protons may dissolve into an undifferentiated soup of quarks and gluons,
which can be probed in heavy-ion accelerators. Densities beyond nuclear
densities occur and can be probed in neutron stars, and still higher densities

and temperatures existed in the early universe.




Also: BNL-AGS, CERN-SPS, CERN-LHC
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The most general way to class@@%%gs} is%y%p%ed and color multiplet; different

combinations give rise to different classes of high-Q? observables:

\A/lny attempt PQCD in A*A 7

Te measure (dense) nuclear medivus

ellects on:
P Parton distributions
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A £l Program will mclude ¢

b Fast color triple s obd‘c:.r—‘ (lﬁkrzuqr-ks-v;)e-uﬁ

Fist  caler  ociet obyecrs ( qluens — jet>)

q: fast color triplet

>

g: fast color octet
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Unknown Medium

Induced
gluon
radiation?

Version 1997

Version 2003

Today’s talk
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unc unc ptp
How many outcomes from one dN _ do L
bunch crossing at a p+p collider? d — d
pT pT Single Crossing

Assume we can treat a nuclear collision just like a p+p bunch crossing:

dN A+A _ do?*P J. L(B) _ dN PP oPP J- L(B) — dN™™ <NBinary>*

Inelas b

d pT d pT Single A+A d pT Single A+A d pT

o 7

Number of p+p collsions

dN A+A
RAA } de ‘
dN p+p
<NBinary>

Central e.g. 0-10% Peripheral 60-95%
(N 900 (N

Binary> - Binary> ~ 10
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AT YE7 HiBhk A=

PHENIX Au+Au (central collisions):
. < m  Directy B
Direct photons | o 10 A n°Preliminary
show no effect, S *
as expected' E il GLV parton energy loss (ngfd;f = 1200)
confirms binary - ,
scaling logic. v * Th 1
1 gt T ‘HH%H% """ + """" T """"""""""""""""" o
Meson - v e
suppression - By iw j M
continues out to - Té‘tﬂ? 4##64 M‘H‘é l[\
highest 10 A}% tlf %
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Markedly
different
suppression

patterns! below
~6 GeV/ec.

Large change in
M/B ratio;
change 1n

hadronization
process?

"Au + ""Au at Vs, = 200 GeV (STAR Preliminary)

(b) baryons ‘T

(a) megsons
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COUnTins
o) = Particles A Particles B
Pr()mpt F) FJ il %3 =) fro1.n hi gh—p.T from low- pT
“Jot 17 y “Trigger” bin “Partner” bin
Source Jet 1 ,<<i Jetl
Jet 2
P Therm Therm
X
Therm i Therm
Therm
Prompt -
“jois»  Multicollisional/ ~ Same jet Therm
Source Hydrodynamic/  Unrelated jets
“Thermal” Jet-Thermal
Source

Thermal-Thermal
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direction

- = [ =

e

=T o A¢-={D,r:}'-data

20-40% | . | 40-60% [ f 60-90% | . Aj={x,2n- reflected

Sugaestive of Cherenkov cones?
99 """ Mach cones?




FURF SinE
REeRFPPEHRREA
T5E

Near side, |A¢| < 0.63 Away slde |A¢ - ] < 0.63
LI L L EELNLE N B

E" A d+Au min bias
Q1 4k O Au+Au 20-40%
o 0 AutAu0-5% |
fy |
107F % k 1F ; .. .
i 1t O SO
| y ty
B } SR % i |
2R I i
o ! ! ! L. . L.

1 L L L L 1 L 1 1 L 1 1 1 1 1 I 1 1 1 1
0.4 0.6 0.8 1 0.4 0.6 0.8 1
Zr= p_l_(assoc) / p_l_(trig)

Associated yield per trigger

4<p_(trig) <6

6<p(lrig)<8 8<p(trig) <15

=
ha

(=]
-
&

e
—

8

| Au+Au, 0-5%

f = [:pnsslz)id -:=. o

g-:r-a {aus-ﬁ')"'d :.1.17.

0 T
STAR nucl-ex/0604018.

%A¢ (rad)”™

At much higher trigger particle pT the
away side peak in central Au+Au reappears
-- “punches through™?

The shape of the away-side yield spectrum
is the same as that from d+Au; surprise?
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Away-side peak Away-side Both visible Neither visible
visible shoulders visible
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Nuclear collisions at RHIC energies create hard-scattered
partons In Situ, which act as probes of the created medium

[RlntS

BlH I~ SiNBI=E

Igty Pl @@%sion (x5) of hadrons produced in central

Au+Au collisions, evidence for dense/opaque medium

Baryons much less suppressed than mesons in mid-p; range

Can measure path-length dependence through geometry
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F)’EJQE}% the presence of a jet, see what happens to the
fragmentation partners

Away-side disappearance at mid-p;
Away-side broadening/shoulder peaks at low ppFartner

Away-side reappearance at high pTmseer

Akl TS ... AOD

1
@@@,@@or, flavor-dependent correlations, three-particle
correlations, direct photon correlations, rapidity structure....
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J (A ¢) Jet-Induced Pairs Fragmentation and medium response

dN”*® 1 dN”® dNAB/d(A¢) same - event
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y
Pairs Conditional Yield Correlation Function




pairs per trigger: 1/N" dN8(di-jet)/d(Ad)
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