Flow Measurements

J. Lukasik!? and W. Trautmann?

1 GSI, Darmstadt, Germany ¢ 2 IFJ-PAN, Krakéw, Poland

INDRAQGSI: Au+Au @ 40-150 (+15) AMeV
FOPI: Au+Au @ 90-1500 AMeV
e Flow, reaction plane and corrections
— standard methods

— new method
— tests using CHIMERA-QMD simulation

x reaction plane dispersion corr. (complete evts + unknown rpl.)
+ multi-hit loses corr. (filtered evts + known rpl.)

* removing autocorrelations
K

filtered evts + unknown rpl. (all corrections)
¢ Flow systematics (INDRA+FOPI)
o 124.129%e 112,1248n @ 100 AMeV (INDRA)
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Why collective tlow?

 EOS of nuclear matter (including
symmetry term)

e Momentum dependence of the
meantield

e In-medium modification of the O \x
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Directed flow
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Definitions: vi, vo / corrections / Q-vector / sub-event method / std correction

Flow, reaction plane and corrections - standard methods

Fourier decomposition of the azimuthal distributions with respect to the reaction plane (¢g):

dN
— o 1+2) wv,cosn(¢—Pr)
d(¢ — ¢r) -Hzg:l

v1 = {(cos(¢ — dr)) directed flow
vo = (cos2(od — oR)) elliptic Aow

v, = vn(b, Z, A, y,pL)

Correction for the dispersion of the estimated reaction plane:

"F'ﬂ. 25
T

= (cosn(¢ — ¢g)) = v, (cosnAag) where: (cosnA¢) = (cosn(pr — ¢E))

’Q-vector’ method (P. Danielewicz and G. Odyniec, Phys. Lett. B 157(1985)146):
N
= Z ], ;
Q — WiPi Wi = Slgﬂ(y(:.j”::l

Standard correction obtained using random sub-events (with sub-Q-vectors (jl + (jg = @,
Agis = d(@l ; ég}}, assuming applicability of central limit theorem and using small angle expansion:

L\-¢512>
2

(cosnA¢)p., = (cosn
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Extension: Gaussian model by J.-Y. Ollitrault

Flow, reaction plane and corrections - standard methods

‘Gaussian model’ (based on ‘central limit’ assumption)
(J.-Y. Ollitrault, nucl-ex/9711003):

N Q@ -(@-gn?

dQdA¢  wa?2 -

- 2 2
{cosnAd)o = V,??XE—X /2 [I-fal (X?}—I—I” ; (.X?)]

The resolution parameter| x = QQo/o | can be obtained from sub-events, assuming they are

independent, isotropic, equivalent and also normally distributed:

d4N 1 ( ((‘jl e @Ds-u.[l_}g ) ( (@"2 S QUH'ELIJ)Q )
= exp | — exp | —

= = W | 2 2
dQldQQ T JH'ELL’

suh suh

by fitting of:

.2
AN e Xaub {

2 2 o
—(EL 32k LT LolEN bk [T + Llcz:l]}

T

where: z = x2,, cos Ad12, X = V2 Xsub
to the measured angular distribution of A¢i12 between the QQ-vectors for random sub-events
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Danielewicz vs Ollitrault

Flow, reaction plane and corrections - standard methods
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Ollitrault method (1-par fit, a = 1, p = 0)
tests using CHIMERA-QMD
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Further extension: accounting for correlations and non-isotropy

Flow, reaction plane and corrections - new method

When elliptic flow and correlations between subevents are important:

d* N 1

dG.:dG> w202 ,02 . (1— p2?)

raub™ ysub
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g J.t?'.rs-:.'.h(l = pQ)
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exp &=
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resolution parameter| X ., =
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Traub

. T g
aspect ratio: | a = —usub
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one can introduce additional parameter

since o ;.41 # Oysub (elliptic flow)
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Testing the assumptions on the model
tests using CHIMERA-QMD

v/ Gaussian assumption for the distribution of sub-events

v/ Possible non-isotropy of sub-events

¢ Correlation between sub-events (and its nature)

4/44



tests using CHIMERA-QMD
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Correlation between the sub-Q-vectors (in-plane components)
tests using CHIMERA-QMD

v45

40

60

80

100

150

sub-2
x (in-plane)

Q

12-10

6-4

qub—1

X (in-plane)

6/44



Ollitrault method (1-par fit, a = 1, p = 0)
tests using CHIMERA-QMD
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New method (3-par fit)
tests using CHIMERA-QMD
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“True’ parameters and corrections for vy and vs
tests using CHIMERA-QMD
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True parameters and

tests using CHIMERA-QMD

corrections + fits using Ollitrault method (open symbols)
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True parameters and corrections + fits using new method (A¢sup)
tests using CHIMERA-QMD
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correction for loses due to multi-hits (vy case)
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Measured MULT of single-hits vs “true” MULT in 1/2 of INDRA

measured
singles

60

W
Q
R

N
Q
] :| I ] ]

‘:Mtrue:; 2

E I'I'IEHS:‘_',II
In(1 S sing > )

e )
Q o
.
e i
S— i S — i
PR Y —— :
——— 1
: i
7. Pe—r—
———
e — i —
—
pr— rr——
i I T e
e s w— e
! e P o——
2 ———
i —
-4 —|—
3 — . E—
1
p——re—
: — e
=

2 52.9

DIlllilllrillilillllillllillllill

10 ______________ T

I1|III

0O 10 20 30 40 50 60 70 80 90 100

Mtn.le

31,/44



how to exclude the POI?

5 N b N
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and require vanishing of the cross terms (shifting a’la Borghini)
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but depends on the reference frame... (gives good results in the true rpl frame)

However, for high multiplicities:
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vy @Q midrapidity, Z=1
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vy @Q midrapidity, Z=1
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vy @Q midrapidity, Z=1
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dvi /dy @ midrapidity, Z=1
PROBLEM: correction for rpl dispersion is not enough — bad vi?€asured 7

complete evis. (excl. neutrons), only resol. corr. (mom. cons. a’la Borghini (shifting))

o ] I ] ] | 1 ] | ] I 1 I | | | |
" 06— ¢ 6-8im ]
= ~ m 4-6fm 7
= A 241m |
o
- 04— ]
:'- = o
0.2 e
0
0.2 — ® true . =
r o) measured (using Q) 7
= O  cotrected for rpl dispersion ]
_0_4 I ] L I 1 1 | I I 1 1 ] 1
0 100 150

E/nucleon (MeV)

24/44



dvi /dy @ midrapidity, Z=1
multi-hit correction

filtered evis_, true rpl, corrected for multi-hits
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dvi /dy @ midrapidity, Z=1
PROBLEM: bad vi*¢®s¥red _ exclusion of POI induces anti-correlations?

i
filtered evis., using Q, corrected for rpl dispersion AND tor multi-hits
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dvi /dy @ midrapidity, Z=1
triple correction: rpl dispersion + multi-hit correction + POI correction

filtered evts., using E, corrected for rpl disp. AND for multi-hits AND for POI corr.

: ] 1 ] L} | 1 1 1 |} I 1 1 L L I 1
N 06 e 6.8 1m _ ]
o - ® 4.6fm . -
E— A 24 1fm ]
w p4— —
:1- T p—
0.2 ]

0

-0.2— L] true @ e
i ©  measured (using Q) ]
: O corrected for both ]

1 | [ [ | 1 1 1 [ I 1 1 [ ] [ | I 1

"04 50 100 150

E/nucleon (MeV)

27 /44



Correcting the experimental results (INDRA)

Reality...
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CHIMERA-QMD vs INDRA

Correcting the experimental results (INDRA)
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Corrections for directed and elliptic flow
Systematics (INDRA+4+FOPTI)
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vy slopes at midrapidity, corrected (Au+Au)
Systematics (INDRA4FOPI) - flow
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FOPI data: A. Andronic et al., Phys. Rev. C 64, (2001) 041604.
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Elliptic flow parameter vo for Z=1, corrected (Au+Au)

Systematics (INDRA4FOPI) - flow
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FOPI data: A. Andronic et al., Phys. Lett. B 612, (2005) 173.
EOS, E895 data: C. Pinkenburg et al., Phys. Rev. Lett. 83, (1999) 1295.

44/44



Xe+Sn @ 100 AMeV
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Slope of v. @ midr, Xe+Sn
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Summary

Collective flow — a powertful (and demanding)
observable

New method to account for experimental
limitations down to the balance energy

INDRA+FOPI : good agreement

Symmetry term: requires higher energies



