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Particle production at low,

intermediate and high p;:

What we're learning about heavy-ion collisions,
and hadronization of bulk partonic matter from
measurements of identified particle production.
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Key features of Au +Au colllsmns
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3) Large Baryon/Meson ratio




Azimuthal anisotropy parameters
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Pressure gradients and v,:

Self-quenching sensitive to early stage (hydro picture).
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e If @ pressure is established, it should be

anisotropic in the transverse plane. 4



Pressure gradients and v,:

Self-quenching sensitive to early stage (hydro picture).
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e Initial conditions only: initial pressure gradient assumed
proportional to initial density gradient.

e Fewer interactions will reduce the peripheral anisotropy.



STAR particle identification
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The decays:

KS_>77.'+71'- (FI/F ~ 690/0)

and

A—pr (T/T = 64%)
are reconstructed in the
TPC using code developed
by Hui Long from UCLA.
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Min-bias identified particle v, at 200 GeV

STAR (Aut+Au; s, = 200 GeV; Mid-rapidity)
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eV, appears to saturate at ~0.13 for K< and ~0.20 for A with the
saturation setting in at different p;.

eConversion of coordinate to momentum anisotropy: at or near
the hydrodynamic limit (zero path length/totally opaque). 8



Identified particle v, at low p-

PHENIX: nucl-ex/0305013 STAR: nucl-ex/0306007
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eHydro models assuming loca

species dependence of v, well.

eIncrease of integrated v, wit
collective motion.

thermal equilibrium describe the

N mass is indicative of significant




High p;V,:
Energy loss and surface emission?

N ; :
~w2»\\ | In a partonic dE/dx scenario:

eHigh p; central yields suppressed relative
N to scaled peripheral yields: Rp<1.
eNon-zero v, expected at high p+.
i eThe magnitude of the suppression and
the anisotropy are coupled.
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STAR (AutAu; \ISNN =200 GeV; |v|<1.0)
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oA particle dependence and saturation in all

three centrality intervals.

eHard-sphere, infinite-opacity limit for surface

emission can’t reach the measured v, — v,
requires a dynamic expansion of strongly interacting matter.



STAR (Au+Au; s, = 200 GeV; |y|<1.0)
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v,/n
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Scaling works with kaons, protons, lambdas
and Xis. Pions may be problematic.
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Transverse Momentum p.,/n (GeV/c) ﬁR

Scaling Breakdown Lower limit: p;/n<0.6 GeV/c?

Upper limit: undetermined*
*Rp suggest a breakdown for p;/n>1.7 GeV/c? 14



Particle spectra:

Baryon enhancement at intermediate p.
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eTWo component
shape evident in kaon
and pion spectra.

eThe pion and kaon
shape change occur
at similarly small p;
(near 1.5 GeV/c).

eFor proton and A the
spectra don't exhibit
such a two-
component shape.

S
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Two component spectra fits:

Hydrodynamic inspired model and pQCD power-law.
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The crossover from a soft to hard shape is species dependent:
Pr cress(kaon) x1.5 GeV/c, Pr cross(A) ® 3—4 GeV/c 2,4



System size dependence: R
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eTotal yield in central
collisions suppressed
w.r.t. scaled
peripheral collisions.

eAt intermediate p;
however, the baryon
yields are increasing
more quickly with
centrality than meson
yields.

eThe A, K, and
inclusive yields have

the same suppression

near 5 GeV/c.
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The p; Scale of Ry, and v, for Kc and A
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The saturation of v, and
fall of R are correlated.

In a scenario with partonic
energy loss followed by
unmodified fragmentation,
a larger v, would be
associated with a smaller
Rep-

1 At intermediate P species

dependence contradicts a
simple partonic energy loss
and unmodified
fragmentation picture.
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Observations of const. quark
number dependence:

*A two-component p; spectra (exponential and power-

law tai

):

—With p; jss(kaon) = pr ess(Pion) = 1-2 GeV/c.
—and Pr oss(A) ® Preross(Proton) = 3—4 GeV/c.

ePartic

intermediate py:
—with Rp(kaon) = Rep(¢d) < 0.65.
—and Rep(Z) ® Rep(A) = Rep(

ePartic
—wit

e-type dependent el

N most hadrons having t

~]1 GeV/c.
eLarge baryon to meson ratio (A/K¢ and p/pion).

e-type dependent nuclear modification at

proton) < 0.95.
iptic flow:

ne same v,/n(p+/n) for p; above

19



Const. quark no. dependence

A two-component p; spectra (exponential and power-law tail):
—With Pr,gr55(KON) % Pr gross(PioN) & 1-2 GeVJc.
—and Pr qoss(A) & Prcross(Proton) = 3—4 Gevc.

eParticle-type dependent nuclear modification at intermediate py:

—and Rp(E) = Rp(A) = Rep(proton) < 0.95.
eParticle-type dependent elliptic flow:

—with most hadrons having the same v,/n(p;/n) for p; above ~1 GeV/c.
eLarge baryon to meson ratio (A/Ks and p/pion).

These observations:

—Provide insight into the environments influence on
hadron formation.

—Provide information on the characteristics of the
partonic state.

Further investigation/confirmation is still needed.

An extensive phenomenological study of identified
particle yields and v, verses system-size can shed light on
hadron formation (long-term/high-impact RHIC project’,,
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Four steps to final hadronic
distributions (perturbative)

eProduction of fast partons from hard scattering.
—Blind to final hadron species.

ePropagation and interaction within the partonic
medium.
—Blind to final hadron species (caveat gluon vs quark).
—Strong interaction of color charged objects.
eHadronization of the parton.

ePropagation and interaction within the hadronic
medium.

How do we disentangle the partonic and
hadronic effects? 22



Disentangling partonic/hadronic

do L dz do,
E, —" E.
Td? Ph Z‘{Z Oon(2) “d°p,

eIn a dE/dx scenario: the larger v, contradicts the
smaller suppression.
—Changing the partonic distributions or rescaling z affects all
hadron species in the same way (gluon/quark jets?)
eThe hadronization process is a crucial step:

—The p;-scale seems to be set by constituent-quark-number
not mass (can we measure a flavor dependence).

eParticles with small hadronic x-sections (i.e. , , )

will help disentangle partonic/hadronic interactions:
—Measure v, and R, for _and _ up to p;=7 GeV/c.
—Conduct a system size scan to study the variation

23



Why would anyone believe jets and

dE/dx at 2-5 GeV/c
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Why would anyone believe jets and
dE/dx at 2-5 GeV/c
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Binary scaling

(5l

||
|

——

—Participant scaling v ‘ l

dN/dprdn (STAR)

AT dofdp-dn (NN)

S|

| 0-5%/40-60% |

R;LA=

0-5%/60-80% - ‘ ‘

N 0o 274 6 8 10 12
e S pr (GeV/c)

l \
"
(P
[T
[ :
[
e |
‘\
4
i
fl
F=
|+:L|
[~
| —e—|
. 0B

25



Why not believe jets and dE/dx at 2-5 GeV/c
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aN/dp.dn (200 CeV)
dN/dpedm {130 GeV)

Why not believe jets and dE/dx at 2-5 GeV/c
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Why not believe jets and dE/dx at 2-5 GeV/c
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