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Au + Au, Xe + CsI, Ru + Ru, Ni + Ni, Ca + Ca
k 90 AMeV - 2AGeV -
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Nuclear Equation of State
[] Collision dynamics

[] In-medium effects: o,,, MDI
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Motivations & Observables I

side-splash

hounce off
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FOPI detector @ GSI
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Au (400 AMeV) + Au - PM4
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Directed flow vs
Fragment Charge & Centrality

e High sensitivity of IMF

(Z>2) to collective effects

e Maximum at b/by,x ~ 0.3

(independently of the beam

energy & system size)

Superposition of thermal & collective motion

— F. Rami and the FOPI Collab., Nucl.Phys A 646 (1999) 367
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Systematics of
Directed Flow & Stopping
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— W. Reisdorf and the FOPI Collab., GSI Report 2003-1 (2003) 44

Evidence for incomplete stopping

Directed flow & Stopping strongly correlated
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Elliptic Flow:
Beam energy & Centrality dependence
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— Analysis T. Kress, PhD thesis (2002)

e Out-of-plane preferred emission at SIS energies

e Vanishes around 100 AMeV and changes of sign

P. Crochet and the FOPI Collab., Nucl. Phys. A 624 (1997) 755
A. Andronic and the FOPI Collab., Nucl. Phys. A 679 (2001) 765

e Explained by an expansion-shadowing scenario

Shorter passage time of spectators at high energies lead

to a decrease of elliptic flow
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Differential Directed & Elliptic Flow |
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— A. Andronic and the FOPI Collab.,
Phys. Rev C 64 (2001) 041604(R)

e Influence of the collision dynamics
e Information on different stages of the collision
= High p; particles: messengers of the high density phase

T. Gaitanos et al., EBur. Phys. Journal A12 (2001) 421

e Influence of attractive mean field (low pEO)) & repulsive

nucleon-nucleon scatterings (high pEO)) at 90 AMeV

\andforZ:l )




Shape parameters:
a constraint on in-medium onn

In-plane and out-of-plane momentum distributions
fitted with anisotropic gaussian distributions

J. Gosset and DIOGENE collab., Phys. Lett. B 247 (1990) 233

X
e O — Directed flow
e \3; = (f3/f1)? — Directed flow &

Stopping

5 e \yy = (f3/f1)?> — Elliptic flow
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— T. Kress, PhD thesis (2002)

data at 400 AMeV

\ explain all low data

- 0.5 7\ T 1T ‘ T 1T ‘ L ‘ L ‘ T 1T ‘7
400 AMeV, M4 > E el a”,XZ E
041 ‘o9 -
>‘—| 0.5:\\\‘\\\‘\\\‘\\\‘\\\‘\::\H‘\\\‘\H‘\H‘H\‘\\\‘\: E ":.:::&l\~~ E
ozZ=1 T ] r h .
0.4 o° SR: ] 90 AMeV, M4
L T ] L J SRS AR LALN LENE LN
0.3 + e 1 %% 1 % amp :
n T 4 ] C ] r —— HMS8 -8
02 T8 4 01p ~ I y—— HM +_._ ]
-4 T ] B y=0.5-0.7 ] - SM . e% ]
e np ] oo b e by bv e by e 100 17 02—_ g =
0.1 L+ i J 7 0 L L LA BN BN LI B o _.__._ - f];.:-j' b
*  y9=0507 | y9=0709 ] 06 O=0709 1 @1F - T L1
0 frhH ] osE = E o ]
i ] VAL o ER ‘ -
i i 1 04 F = - ]
0.6 — - - E 1 -0tF =4
r 7 7 0.3 - - -
: : : E E _02'||||||||||||||||||||||||'
04l ] 1oeze H 1 0 02 04 06 08 1 102
) 1 1o SM s y”
0,2 ; 4 ; ; 0:\ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘:
o ® Data T 1 0 02 04 06 08 1 12
7\ L1 ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ \77\ L1 ‘ L \.\-"\-'\-\ ‘ L1l ‘ L1l ‘ Ll ‘ \7 pt(O)
0 02040608 10020406081 1‘(20) — A. Andronic and the FOPI Collab.,
Py Phys. Rev C 67 (2003) 034907
Au mul4 Proton |y(°)|<0,1 ~ Au mul4 p+2d+.. |y(°)|<0,1 0 Au 600AMeV mul4 Proton
>N T T T NV T T T ] >N T T O Datlen
] 0 0 1QMD SM
/ % - @ 1QVD HM
] -0.05 E
005} W -0.05+ 1
01F 4
-0.1f -0.11 E
O Daten ® Daten 1 0.15
[0 IQMD SM [J IQMD SM ;
E IQMD HM E IQMD HM
_0.15 i 1 o430 " _0.2

e A soft EoS with MDI best suited to explain directed flow

e But none of the IQMD parametrizations can consistently

/




Conclusion & Outlooks I

Complete set of data at SIS energies measured with FOPI:
e Variation of beam energy from 90 AMeV to 2 AGeV
e Variation of system size from Ca to Au
e Variation of asymmetry in isospin (Ru/Zr)

e Variation of asymmetry in system size (Au/Ca & Pb/Ni)

e Main dependences of directed & elliptic flow are available

e Most features of flow data reproduced qualitatively well
by IQMD model but not in detail

e Flow, stopping, fragment /particle production should be

reproduced simultaneously

January - February 2003:
e Experiment dedicated to sub-threshold =~ measurement
in N1 + Ni reactions at 1.93 AGeV
= High statistics for detailed flow studies with =%, K%,
KO, A, ...

e Experiment dedicated to the study of asymmetric systems

Ni/Pb + Pb/Ni between 400 AMeV & 1160 AMeV

N /
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