Compressed Baryonic Matter at the AGS:

S o A Review !!

: |2 Quarks and Gluons

- g \1

= i

g | %%q Roy A. Lacey

% ool | . ™ () Crital point?

§ % radrons T | (SUNY Stony Brook)
/ il |
!___._,_,.--""F Meutron st




:.:_"-\
PI‘OIF’\Ose\dA ;/ _\\\ The GSI Accelerator

S15100/200 of the world's

premier facilities for
more than 25 years.

) facility has been one

Super-FRS

Radioactive
lon Beams

Pbar

Physics

CR

Existing

Nuclear

Collisions Atomic
Physics

Stony Brook



Disclaimer

A Diverse Range of Experimental Programs have been
Carried out at the AGS

AGS Expts.

E802/866

E810/891

E814/877 ptA, Si+A, Aut+A

E864 2-18 AGeV . More than
E895 1986 - 14.6 AGeV/c Si 200 pubs

1992 — 11.0 AGeV/c Au
E917

Only a Selection of the full range of Experimental
Results will be covered.
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Outline

Motivation

Results & Implications
— Global Observables
— Rapidity Distributions & Stopping
— HBT
— Flow
— Particle Production

Summary
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The Notion of a Phase Diagram for Nuclear Matter is Pervasive
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Motivation — High Density
Nuclear Matter

Various competing forms
of
matter are predicted at *Property of Hadrons in

quactyord udionareonst  N)eapse nuclear Medium

" Crucial Information !!

Phase transition to Quark
Gluon Matter at high baryon
density

*Nuclear Equation of State at
high baryon Densities

strange star
nuclaon ¢

—
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Motivation

Why Study Heavy Ion Reactions at the AGS ?

[ I R i e
Bao-an Li

8| Autau, b=5 fm .

moft eos

Energy Density ~ 1 — 2 Gev/fm3 |

Compressed Baryonic Matter is Produced at the AGS

S22

In an Interesting Region of the Phase Diagram ?
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Global Observables Barette et al., E87
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Substantial Pseudorapidity Densities are achieved
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nergy Density

H_I

1 1 dE,

Eg =

TR* 7, dy

time to thermalize the

65fm  System (z~ 1 fm/c)

gBjor'ken ~ 1 . 3 GCV/fm3
Critical Energy Density ~ 1-1.5 GeV/fm?3

Barette et al., E877

Large Energy Density =-» pressure gradients & Expansion
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Rapidity Distributions and Baryon Stopping
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Significant Stopping is achieved in central collisions at the AGS
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Rapidity Distributions and Baryon Stopping
Si -l- Al Braun Munzmger et al Au+Au I Klay et al. E895

[ ] 90

. g0k ‘r|i IZJ"'HE_ [:‘:. 0.42
T0F ' 3
60 F
sni
40F
w0k
m?
"-!3 10

'7-' on Ey

1
o [l

Longitudinal Flow Systematics
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Radial Flow
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HBT — Reaction plane
Dependence

7 Chaoticity ()
Duration Time (1)

Rout < Rside
Initial Overlap
=> Shape at freeze-out
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Low Energy:
Squeeze-out

rw &
% y (c)

Pressure Gradients Drive Transverse

and Elliptic flow

fl_];[ ~[1+2v, cos(¢) + 2v, cos(2¢)]

Reaction Plane Transverse Plane
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v, =< cos(2¢) >

<cos(2¢)>

2.0 5.0
EBeam (AGEV)

V, is sensitive to the EOS
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V, is sensitive to the Phase Transition
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E877 -
£895 in-plane

EOS

BEM soft EOS + md
BEM stiff EOS + md .-

05 1.0 15 20
p, (GeV/c)
R

E,..(AGeV) 10

Good Agreement with theory, Softening of EOS
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Differential Flow
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E895 Proton V, vs b (with P, cuf)

BEM ZMD
BEM k = J00MeV MD
BEM HRD

Reaction Plane Transverse Plane

A9D 270 <

o
%
o
()
)
<

320 I.'EICIU E;.':i'-ﬂ =0 240 EEI? =00 ‘IEU 1&a I1J1-U1EEI1IUUEU

1 2 4 3 G it

b (im)

*Differential Elliptic Flow Studies Provide Important
Additional Insights on the EOS
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H. Liu E&95 Sahu et al.
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Flow of Produced Particles 6GeV Sideward Flow (b<7fm)
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Particle Production

OF Particular Interest
* Enhancement in Strangeness Production

* Enhancement in the ratio Antihyperon/Antibaryon

-  Probes for the QGP

Stony Brook



Particle Production

F. Wang
I o L L I L L L L L B O L L L L L L BB
C { EB59: Si+Au ] C {y EARY: SitAl 1
0.09 B E858: SitAl — FAGMD: Si+Al - 0018 B E859: SitAl — FHQMD:Si+Al
C ® E866: Aurhu — ROMD: Au+Au 7 r @ E866: Au+Au —  HOMD: Au+Au

0.08 | { ----  AQMD: Au+Au {no meson-scattering) 00lg

0.07 F zg% -: 0014f
C n E ]

0.08 F u i E 3 0.012

-- AGMD: Au+Au {ho meson-scattering)

r 1 £
%x: 0.05 - E 1 Iy ootp i
£ C 1] Z

004 F i 0.008

0.03 F 3 0.006

0.02 [ 1 0.004

oot | T 4 0.002}

:|||||||||||||||||||||||||||||||||||||||||: D-'l""I""l""l""I""l""l""l"
0 0 B0 100 150 200 260 00 AR0 400 4] B0 100 150 200 250 00 a50 400

Number of parficipants N, Number of participants N,

Yields Increase from Peripheral to Central Collisions
-- Consistent With Multiple Collisions per participant

Stony Brook



Particle Production
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Particle Production
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Particle Production

central Sifia) + Av collisions at the AGS Braun—Munzmger et al.
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Stachel et al.
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SuUun: nary

Compressed Baryonic Matter is Produced With
Significant Energy Density at the AGS.

¢ The study of this matter has provided a wealth of insights

¢ Further Studies are Required for a more complete
understanding as well as further mapping of the phase
diagram

Temperature &

. I ; I’
Nuclel Net Baryon Density
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" Nuclel Net Baryon Density

New constraints for the EOS achieved
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Motivation — Strange Particles

K- & K° - attractive Interaction
K* & K - Repulsive Interaction
-=> Consequences for Flow

*
m B+

In QGP ~
gg —>ss

Production in hadronic gas

=> pairs of strange hadrons with
increased threshold

'lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIr

-  Strangeness Enhancement

Lo

The Production and Propagation of Strange Hadrons
constitutes an Important Probe

Stony Brook
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