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INDRA@GSI: Au+Au @ 40-150 AMeV
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Collective flow
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Fourier expansion of the
azimuthal distributions
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FIG. 3. A perspective view of a tri-axial ellipsoid. The

major flow axis and the beam axis define the polar flow angle, —
810w, and the reaction plane. The squeeze angle, ¥sq, is Dl T <COS(P>
defined as the azimuthal angle around the flow axis of the

medium axis of the ellipsoid relative to the reaction plane. Vv = <C052(P>
2
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Directed flow



“Ar+2’Al, Mur+Tonneau ®Ni+°®Ni, INDRA 7Au+'""Au, FOPI

J.P. Sullivan et al. PLB 249(90)8 D. Cussol et al. PRC 65(02)44604 P. Crochet et al. NPA 624(97)755
404 b=3fm 1} - 0.7
O  2=3-5 So |
41 mb — - - 0.6 |
301 e K=200 .o E‘ - - ,
c °o K =375 F - s |
%’5 - % a1 il\.\\k"'/. E 0.4 té or
2 o] . 3 of---TT . W—
= S » é "i-ri" 0.2 = 2=2
> 0 o S A o et - ' : %:i
= 50.,""' 12,0"_,"15(:5mc (ZI?A%V/U) - [ N T o [ g T L i j * 7=5
371 T ] o TR 1 "o oo a6 300 00 S0 60 700 00 900
20- o Gw=20mb YAr+°'v, MSU 4n Ere (AMeV)
¢ T KZZ0  D.G. Westfall et al. NPA 519(90)141c 3La+'La, LBL Streamer Chamber
-30- 6 . D. Krofcheck et al. PRL 63(89)2028
o 05 Zn+>°Ni, Mur+Tonneau 40 .
Ar+7Sc, MSU 4n t %% .. .| P A Butaetal NPA 584(95)397 o BUU
RPaketal PRC 54(96)2457 Mt ] - 30 m Data -
T ; rrrrrT .U.E:Elf— i L @ ol porticles :__‘_I'H ]
=T | B R IL AN L ek B :
"~ wZal A LoE ~¢ e o A 0 ‘ ) _ /
2 a5k {1 N : I & b .
e L S & t 001 p & & - / }
S R e S TS, \ ' v I j
v 1.0F i o — — & 1 _ ]
- [ -0.02 5\ j |
05 3 T e [
F 7 L . =2 [ I 1 |
?’-ﬂ' = rw—— A L ?’ 0.08 - ' —1% 80 100 160 200
"Sz =ﬁ§ T TR PRI R PRI Epearm (MeV/nucleon)
oE TR =3 30 a0 §0 60 70 80 90 100
0.5 E . 4 E= E, (MeViu)
R : S T Y7Au+1Au, MSU 4nt
20 10 80 BO 100 D.]. Magestro et al. PRC 61(00)21602
4 H F B B #E U LI i R e EE&E.I‘II/A Me"\,i')
Beam Encrgy (MeVimnclcon) ) a) Z=1
— 100
— B - B —
T - 5 7=3-7 S .
129Xe+natsn’ g g 0’/.1" a -:_.E 50 — g E A, -
—— —_ L — -
INDRA SR S S 5 [ e > = g
D. Cussol et al. = C Z 0 5 -
PRC 65(02)44604 =-20p- = Tk = :
I T S S N A 3 [ [ —
25 50 25 50 i PR HE AP | S B B PO
Enc (A MeV) E;p o (A MeV) 60 30 40 50 60 30 40 50 60




D.J. Magestro et al. PRC 61(00)21602 A.D. Sood et al. PLB 594(04)260

(QMD)
T . — 100 . ; ; ’

— * —— % axpl data

= an 4 O =-e=- 0O present (40 mb) ¢+
§ i u present {35 mb}
w100 - 80 & Magesstro atal. [7] +
E — O Kr+Nb 7 tMagestro, Bauar
£ ‘H} - e 704 w AT andWaestfall [7] L
- o % Westfall et.al, [10]
v 80 T o Nb+Nb @ Krofcheck et.al. [4]
E 0 | E 60 + . La+lLa # Krofcheck et.al. [4H

: & Krofcheck etal. [4]

E E r'y Tripathi el:.al.EE!?lE]
g 60 } " 2 504 Xe+Sn#k T
= T Au+Au

g 0 'y By, Coutomb OFF I w401 e
= A BUU, Coulomb ON 10.52451+0.06261 (expt. data) O
= 40 | O Data, dn-NSCL . T = =-0.53261+0.16373 (present (40 mb))

= O Duaia, '[‘rMI"iIL -0.50872+0.10883 (present (40 mb) including U+U)

30 1 i 1 b ; ;
50 70 100 200 300 400 200 250 300 350 400 450 500
System Mass System Mass (A)
15 . . .
Au(50AMeV)An

S. Soff et al. PRC 51(95)3320
(QMD)

p, (MeVic)

® without Rutherford-trajectories
B with Rutherford-trajectories

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
.wl.‘f'-pmj



6“IIIIIIIIIII

[ 1T 1
401 ]
f— : 2-4 fm
9 20| B
© - 4-6fm
S
O I A =5 1§48 4m
] 0
= i ]
' o
gz | i |
3“_- i :::' |
D 20l o .
Vv | ]
ol
L ]
| ]
40— Cf _
|4 ]
;
- {3’ _
- [:llj _
_60 | | | | | | | | | | | | | | | |
0 50 100 150

200

Mean flow angle



integrated v,

P7Au+""Au, Z=2, b=2-5.3 fm

| | I | | I
"o Fom, noss -
L 5 A _
0.5 2 230 .o O g g @_
1150 * 80 :
- & 120 Y 60 . g
e ° o ¥ u —
| : D D _
) . :
0-3__ g ) = & O O :
| i : |
3 Q g : : AN AN
| 5 ’ AN AN 1
T @ v A AN -
. E i P _
) _fﬁé #_;____- B
-0.1 | l l l
0 0.2 04 0.6 0.8 ]
CM
(nybaam)



2Au+'"“Au, INDRA
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Origin of negative flow
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Squeeze-out, elliptic flow



Reaction

FIG. 3. A perspective view of a tri-axial ellipsoid. The
major flow axis and the beam axis define the polar flow angle,
ffiow, and the reaction plane. The squeeze angle, ¥4, is
defined as the azimuthal angle around the flow axis of the
medium axis of the ellipsoid relative to the reaction plane.



Squeeze-angle distributions

12-10 10-8 8-6 6-4 4-2 2-0

100

130




12-10 10-8 8-6 6-4 4-2 2-0

INDRA

Q
o
EVENTS

100

150

12-10 10-8 8-6 6-4 4-2 2-0

CHIMERA
(QMD/QPD)

co
o
EVENTS




E4, (MeVIA)

Global squeeze-out transition energy

250

200

150

100

20

for different centralities

-@-kinetic energy tensor
-m- momentum tensor

4 6 8
Impact parameter (fm)

10

12



Global squeeze-out transition energy
for different centralities
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Elliptic flow for Z<2, b=4-6 fm, rotated frame

in plane
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Elliptic flow for Z<2, b=4-6 fm, rotated frame
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Summary
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For the Au+Au system:

Directed flow changes its sign below 60 AMeV and becomes increasingly
negative (anti-flow) at lower energies. There is no evidence for a
parabolic behavior of the excitation function.

The lack of minimum in the excitation function may indicate that only
globally positive (repulsive) scattering can take place for very heavy
systems (no transition to negative (attractive) scattering at lower
energies).

The observed anti-flow of fragments with respect to the flow of the bulk
results most likely from the large Coulomb effects in heavy systems
(entrance and exit channel trajectories, large “Coulomb rings”, proximity
in velocity space at lower energies).

The INDRA data confirms the FOPI value of the squeeze-out transition for
Z=2 to occur around 100 AMeV and allows to extend the v, excitation

function down to the Fermi energies.



