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Bevalac	to	CERN	and	RHIC



The	GSI-LBL-Marburg-Collaboration

• founded	by  
Rudolf	Bock	
Arthur	Poskanzer	  
Reinhard	Stock 
1974	

• The	first	Group  
at	Berkeley
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• from	Theory:	Swiatecki,	Randrup,	Gyulassy,	Danielewicz



Pioneers	from	Overseas

• Rudolf	Bock	and	Christoph	Schmelzer	
agreed	to	send	team	to	LBL	

• Reinhard	Stock	and	Rudolf	Bock	
brokered	deal	with	Art	Postkanzer	

• Hans	Gutbrod	from	GSI	joined	 
Art	Poskanzer	at	LBL	

• Walter	Greiner	and	Horst	Stöcker	
developed	idea	of	shock	
compression	and	side	splash	

• Shoji	Nagamiya	from	Japan  
Spectrometer	

• Andres	Sandoval	from	Mexico  
Streamer	Chamber
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Shock	Waves
• The	first	attempt:	Emission	of	relativistic	Shock	Waves
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Baumgardt, Schott, Sakamatom, Schopper, Stöcker, Greiner, Z.Ph. 253 (1975)

not so!



Discovery	of	the	Fireball
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Fireball	Model

• Three	Ingredients:	

• Effective	CM	frame	from	Spectator/Participant	picture	

• Global	thermal	equilibrium	à	la	Hagedorn	-	AMP	idea	

• Isotropic	emission	from	fireball	CM	
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Cluster	Production:	Light	Nuclei

• Deuterons	from	Firestreak	Model	

• Alternative	View:	Coalescence	

• Ed	Remler	translated	by	Miklos	Gyulassy	

• Thermodynamics	by	Aram	Mekjian
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Hot until today! 
“Snowballs in Hell”



Physics	for	Four	Decades

• Statistical	Fireball		→	Critical	Temperature	
from	Hadron	Yields:  
Hadro	Chemistry		T	≈	160	MeV	

• Origin	of	Clusters	(Quantum	Mechanics?)
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Art	Poskanzer:	 
“the	Berkeley	
Hippy	who	finally	
became	a	dignified	
Frankfurt	
Professor….”



The	Plastic	Ball	Era  
1980	ff

• Hydrodynamic	Flow	studied	with	the	Plastic	Ball		

• 4π-Detector	instead	of	“Keyhole”-Physics		

• Three	“parents”:	

• Stanford	Crystal	Ball	

• Wilkinson	Phoswitch	with	2	Scintillators,	CaF2	&	Plastic	

• ΔE/E	Analysis	from	low	energy	Nuclear	Physics

�10



1981:	Assembly	of	1st	sphere	at	LBL

�11View from bottom



Plastic	Ball	
Detector	System
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• Principal	Actors: 
Hans-Georg	Ritter  
Hans	Gutbrod 
Arthur	Poskanzer



Plastic	Ball	
Detector	System
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• The	Big	Bang
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𝐹𝑖𝑗 =
1
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⃗𝑝𝑖(𝜈) ⃗𝑝𝑗(𝜈)/𝑚(𝜈)

(Sphericity Analysis)
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events and averaging the cosine of one-half the angle
between the Q vectors of the subevents.
Since the charged-particle multiplicity is related to

the impact parameter, we classify the events according
to the participant proton multiplicity (N~), defined to
include protons bound in clusters but to exclude all
pions, and particles in the target and projectile specta-
tor regions. (Np differs from the previously used'
multiplicity of charged particles, M, .) The average
multiplicity depends on the target-projectile mass and
on the bombarding energy. In order to make mean-
ingful comparisons between these different cases the
multiplicity bins chosen should correspond to approxi-
mately the same range in normalized impact parame-
ter. To this end the multiplicity distributions were
subdivided into bins of constant fractions of the max-
imum multiplicity. The multiplicity distributions have
a similar shape for all systems and energies: a mono-
tonic decrease with increasing multiplicity to a plateau
before the steep decrease at the highest multiplicities.
Therefore the maximum multiplicity (N~ '") can be
defined at the point where the distribution drops to
one-half the plateau height. Table I contains the value
of N~ '"/2Z for all systems reported here. The data ac-
cumulated with a minimum-bias trigger are then divid-
ed into five bins. Four bins are of equal width
between zero and maximum multiplicity, each contain-
ing 25'/0 of N~ '", and one bin has multiplicities larger
than N~

'" and contains the most central collisions.
Spectator particles which are not included in the parti-
cipant proton multiplicity are also excluded from the
analysis presented here.
Figure 1 shows an example of the mean transverse

momentum per nucleon projected into the reaction
plane, (p„/A ), as a function of the normalized cen-
ter-of-mass rapidity y/y~„„. Only statistical errors are
shown. The data points are already corrected for the
deviation from the true reaction plane: The value of
(cos@) varied between 0.66 and 0.9 and was 0.82 for
this particular case. The data exhibit the typical s-
shape behavior known from Ref. 10 which demon-
strates the collective transverse-momentum transfer
between the forward and backward hemispheres.

TABLE I. Maximum participant proton multiplicities
N~ '" divided by the sum of the projectile and target nuclear
charges for all measured systems and beam energies.
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It is the aim of this paper to extract quantitative in-
formation with as little detector bias as possible from
the type of data presented in Fig. l, thus allotting us to
compare different mass systems at different energies
with each other and with theoretical model calcula-
tions. The maximum transverse-momentum transfer
occurs close to the target and projectile rapidities,
~here there is great sensitivity to the exclusion of
spectator particles and ~here the experimental biases
are most disturbing. For this reason the maximum
value is not a good choice. Ho~ever, to a good ap-
proximation all curves are straight lines near midrap-
idity. If the data are plotted as a function of the nor-
malized rapidity the slope at midrapidity, which we call
flow, has the dimensions of MeV/c per nucleon and is
a measure of the amount of collective transverse-
momentum transfer in the reaction. Since the flow is
determined at midrapidity it is a characteristic of the
participants. Technically it is obtained by fitting a
polynomial with first- and third-order terms (and also
a constant) to the s-shaped curve. The fit was done
for y/y~„, between —1 and 1. Because of detector
biases the curve is not completely symmetric about the
origin: Therefore a second-order term has been in-
cluded in the fit in cases where X2 can be improved
considerably, as is the case for the higher energies and
the heavier-mass systems. The coefficient of the
first-order term, which is the slope of the fitted curve
y/y „,=0, is the flow. In Fig. 1 it is the slope of the
solid line through the origin.
In Fig. 2 the flow is plotted as a function of the par-

ticipant proton multiplicity for the three systems
Ca+ Ca, Nb+ Nb, and Au+ Au, all at a beam energy
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FIG. 1. Mean transverse rnomenturn per nucleon project-
ed into the reaction plane as a function of the normalized
center-of-mass rapidity for 400-MeV per nucleon Nb+Nb in
the third multiplicity bin, between 50% and 75% of A~ '".
The slope of the solid line represents the flow obtained from
fitting the data.
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Transverse Momentum Analysis
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New method of analysis introduced by P. Danielewicz and G. Odyniec; Phys. Lett. 157B (1985) 146
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(1) calculate reaction plane:

(2) project event into reaction plane → px

Pl
as

tic
 B

al
l D

at
a

K.G.R. Doss et al, PRL 57 (1986) 302

(3) define momentum flow by slope at 
     mid-rapidity 

1985



Plastic	Ball	Sidewards	Flow	v1
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… as a fct of centrality … as a fct of ejectile mass in Au+Au at 200 AMeV

K.G.R. Doss et al, PRL 59 (1987) 2720



The	Streamer	Chamber	Collaboration	at	LBL	1983
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CERN	Era

�17

• Art	explains	NA35



Elliptic	Flow	v2
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• Collective	Emission	from	Fireball:	

• Various	Moments:	radial,	sidewards,	elliptic	and	higher	order	

• Art	popularised	the	term	“elliptic	flow”,	and	he	became	leader	of	its	analysis	
for	the	next	decade

The famous formula: 
Poskanzer and Voloshin (1998)

• ascending	moments	of	azimuthal	hydrodynamic	expansion	flow

• U.	Heinz:	Transition	of	anisotropy	
from	primordial	spacial	coordinate	to	
momentum	space  
enabled	by	the	high	time	resolution	
in	the	dynamic	at	RHIC	and	LHC
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Elliptic Flow Initialisation 

• At RHIC and LHC this picture is semi-realistic 
because the resolution of the primordial time 
scale is Δt < 0.1 fm/c


• Very high shutter speed!


• Good primordial time resolution unlike at SPS 
and RHIC BES


• Observation of the initial anisotropy in the final 
momentum space depends on the amount of 
viscous damping during hydro-transport. 
Quantified by η/s

The “famous picture”



NOWADAYS,	still	intense	work
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UrQMD (ordered by stiffness)
 Hard-Skyrme
 CMF
 Soft-Skyrme
 Phase transition
 Cascade

UrQMD	with	  
5	different	EOS	

NO	SENSITIVITY!

Jan	Steinheimer	
(Frankfurt)	and	coworkers
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