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* Physics motivation

e Method discussion
> Event plane method
>V, Vs.m method
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Motivation

Elliptic flow can provide early time information on the collectivity E|||pt|C Flow (V )
of particles from heavy-ion collisions: 2

» Non-central AA collisions result in an azimuthally anisotropic
\ y distribution of particles in coordinate-space

» Density gradients and interactions between the particles lead to an
asymmetry in momentum-space

» Signal is self-quenching with time — EARLY TIME OBSERVABLE!

» Expanding in a Fourier series:

3
d3N=la’2 ]2\, [1+2vlcos(¢)+2@os(2¢)+...] - v,=(cos(2¢))
d'p T dp,dy

E

.
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Motivation

The elliptic flow of the ¢ -meson is interesting because: W hy the (p -meson v ?
2

* ¢ -meson has a long lifetime (41 fm/c)
> Most likely decays outside the fireball created in nucleus-nucleus collisions

* ¢ -meson has low cross-section for hadronic interactions[1]
> Clean probe of v, signal from early partonic time inside the fireball
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Motivation

The elliptic flow of the ¢ -meson is interesting because: W hy the (p -meson v ?
2

* ¢ -meson has a long lifetime (41 fm/c)
> Most likely decays outside the fireball created in nucleus-nucleus collisions

* ¢ -meson has low cross-section for hadronic interactions[1]
> Clean probe of v, signal from early partonic time inside the fireball

If the ¢ -meson (ss(bar)) v, is non-zero ‘ Partonic collectivity!

Partonic collectivity is an expected attribute of a QGP!

-

- A [1] A. Shor, PRL 54, 11 (1985)
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Method

Data were taken using the STAR detector at RHIC for Au+Au collisions Data Se|eCtion
at sqri(s) = 62.4 GeV

STAR Detector Silisap Xitie®

* ¢ was reconstructed via ¢ -K'K (49.1 %)

iy h‘r"“hi:m decay Channe/
x10°
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« STAR TPC to ID Kaons from their
energy loss in the TPC gas:
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> DipAngle > 0.04 rad
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» Event-mixing method used to estimate __ . . p*charge (GeV/c)

background from uncorrelated pairs
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Method

The event plane is an estimation of the true Find event plane ang le

reaction plane and therefore resolution effects
need to be taken into account:

2" Order reaction plane angle: @ 40000 = e e e QECRRE e
s - = 5 i i 5 i i i
@35000 i S o S —— —

Z, WZ.SiIl(Z ¢, L - |__hrxnplane1
1 /2 C .| Entries GEE1E40

Zi WI-COS(2¢,-) 30000~ ............ ............ ............ ............ Mean 00

| RMS §1.97

S~

‘I’z =| arctan

| po 3.812e+04 + 29

25000 .- ............. ............ ............. ............ ............ ............ | "1 nat 188.6/ 178

p1 -0.056598 + 0.28010

, 20000 oo e
The measured v, signal has to be T - y¥ndf=0.947

corrected for the event plane resolution: 15000 ............. ............ ............. ............ ............ ............ ............ -

1%

20bs 10000 - ............ ............ ............ ............ ............ ____________

VZReal: Res E ; : : : : ; : :
EP 5000— - ............ ............ ............ ............ ............ ............

ﬂIIIilllilllillIilllilllilllilllilll

Following [2], Res,_, = 0.62 0 20 40 60 80 100 120\1114;3:,29 s1)311
2

.

/\l A [2] A.M Poskanzer, S.A. Voloshin, Phys. Rev C58, 1671 (1998)
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Two methods were used to extract the v2 signal:

Method 1:

N
dpi dy

[1+2v,cos(¢p)+2v,cos(2¢)+...]

* Extract the ¢ -meson yield as a function of ¢ — ¥
* Fit the distribution with:
f(x) = P (1+2v cos(2x))

Method
Extracting v,

Method 2:

» Borghini et al. [nucl-th/0407041] proposed finding
v, as a function of m

» Fitusing:

VzTOT(m>(m)(Sig+BG )+szG(m)< Sig+BG)

o ~
[ g
2 g Nid o SUBUIE
f(x)
lllustrative 3 lllustrative
0 /2 0 m, 1.1
- (1) _\P minv
A
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Method 1

In the first method, v, is found by measuring theraw  Fit <cOs? ((I) _ \{J)> method

yield of ¢ -mesons in bins of p_and (¢ — ¥ ) angle:

|Signa| and Background counts vs. mim| MinBSig1 |Signal - Background vs. m,_,, cos{24) bin2 Mi“Dif:Lmsm
;rooz_ .......... ............. ............ ............ C : : ;:.r::a u::-ﬂlﬁ::: For each p bin_'
[:107/ S ST IO ot N XSRS N 150001 , 0007420 1 0.600455 T
C ; _:i-'-“"# Mazs 1.019 & 0.000 . . . . .
500 ... ... ______ ;‘“ ____________ —_— T S— so000 e siope 2813004 011 e Fitthe distribution with:
PRSI JESUUUNE RSN SR S S S 1 f(x) = P (1+2v cos(2x))
L TR W S N NS S () S S S —
B0 S S B I ALY P T R
A P H‘ Y T e e SRR NSO SNNUTYOOS HNOOOOOE HONOOIOE RO
100~ P fr o I REEE : : : + +*
E | | | | : » | SS000—.. . I...l ...... - |
d] 33 1 1.02 1.04 1.08 1.08 1.1 0.98 1.06 1.08 1.1 BODDO o
m,, . {GeV) m, . (GeV)

: L : totyield0
....... _.....\, En‘rles ﬁ

: : : : | Mean 0.7649
. | RMS 0.4482
................................................ | 1t Pt
| po 5.82e+04 + 022

....... e 0.03161 = 0.01118

40000

For each bin in ¢ angle and p_: 30000

» Scale mixed event background (red) to signal
(black) and subftract

* Fit with Breit-Wigner plus straight line to extract 10000
yield

20000
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Method 2

The 2™ method is based on the fact that the single particle probability \/ yS. m Method

distribution can be generalised for pairs of particles [3] as follows: 2 inv
Pl D i~ ® )= ZL Z vi‘”’r oMb =P) « For resonances, ¢ . =¢ of parent particle
T
. p . ) pair _ . pair __/ s _
Pair flow coefficients: v = {cosn (¢pair d,.)) and vl = (sinn (qbpal.r d.))

_ (b) ¢
N (m)v, (m)=N (m)v’ (m)+N (m)v] oo v, as a function of m__and

] fit to find v
> m)= m Sig BG ,
V2T0T( ) v2Sig< )<+)+V23G(m)(+) ¢

Sig+BG Sig+BG | | «Plot <sin2(¢ —\¥ )> as a
function of m._ and fit

¢ _
* Symmetry w.r.t. the reaction plane implies: Vs.2<m)_0 » Can use these identities
to check the accuracy of
o If the background consists of uncorrelated e (m)=0 experimental procedure
particles: S5 2
E . [8] N. Borghini & J-Y Ollitrault, nucl-th/0407041
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Method 2

Extracting the ratios

Signal - Scaled BG for 0.8<p<1.2 | hDiff

~214T483648

To calculate the S/(S+BG) and BG/(S+BG) ratios, the residual
background needs to subtracted after the mixed event background:

Signal / BG hsigmassPt Sig. & BG vs. m,

mixed event Entries  2.376243e+09 1O

ny

Mean 1027

lo000.......... .......... * ............ ........... RMS 02245
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To extract v, for each p_bin, fit the function

Sig

v _—
Sig+ BG

Vap (M)

AN

2TOT<

1 fit parameter

Sig+ BG

=p + +
VZBG pO p1minv p2min

Method 2

v,vs.m Method

BG to the v, vs. m_ plot:

2
v

(Quadratic function inm_ )

hv24

hv20

Entries

RMS

32 [ ndf
p0

1 p1

| : : p2
vag,
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0.195
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Results

For minimum bias, Au+Au collisions at sqrt(s)=62.4 GeV, the 2 \|ethod Com o arison
methods produce consistent results:

~ 0.3
>

:% gPreIimir;ary o Vvs m,, method
- : cos2(¢-¥) fit method

0.25

0.2
*@ -meson has non-zero flow!
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Results

Due to limited statistics, it is not yet possible to

ec _ Model Comparison
make a definite conclusion on how much the ¢
flows:
62.4 GeV minbias
o 0.2 T T
AR Preliminary . ‘]]g -7 ‘}HCQ=3
-~ - . ] L
0.15 P —
,@ééé% ______ NCQ=2
» Dashed lines represent parameterization 0.1 P ]
based on Number of Constituent Quark + Rl ’
(NCQ) scaling [4] gﬁf‘i‘ °
Lo NCQ=1
0.05/— s el
.ferffﬂ
,d;"’;
%% °
n , 7777777777777777777777777777777777777777777777777777777777777777777777 o KS il
AAN+A
| | | | | | : :
0 05 1 15 2 25 3 35 4 45
p; (GeVic)
= [4] X. Dong et al. Phys. Lett. B 597, 328 (2004)
A
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Results
Comparing integrated v, of identified particles Oth er Particle Com parison

from 62.4 GeV Au+Au collisions...

62.4 GeV minbias

AN 0-1 T I T | I | I I I
7 i 7 %AR Preliminary i
0.081- —
I i . Integrated v, increases with hadron mass for
0.06— _ m, K p
i i * ¢ v, does not seemto be >p v,— less
0.04— m hadronic contributions?
0.02|- —
0 | | | | 1 | | | 1 | | | 1 | 1

0 0.2 04 06 038 1 1.2 14 16

Hadron Mass (GeV)
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Summary and Outlook

Summary:

*» -meson has non-zero elliptic flow in 62.4 GeV Au+Au collisions!
- We may be seeing direct evidence of partonic collectivity in
63.4 GeV Au+Au collisions at RHIC!

Outlook:
* Analyze the high statistics 2004 Run IV 200 GeV Au+Au data

- @ -meson v, with high statistics will allow to test the NCQ model
(vi=vy" ?)

- Measure @ (ss(bar)) + Q (sss) elliptic flow — Measure s-quark
elliptic flow!
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<V >
2

dN Method Detalls

v2*dN/dp. for p

0.3 : — _
> T __.g-u [ : —— Yy, dN/dpy
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u_zﬁ__ ........................................................................... ;; ﬂ.Z— _____ _______ i Vza*dN-lfde

- ' | O Ve dNIdD,

u_z_ ........ ........ $ ....... ‘I‘d_______ 0.15 ....... : ....... ....... ....... e .......
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Extrapolations on <v >:
« T =15.9% @ =23.6%
e K =11.6% o =

- » p(bar) =0.2%
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<sin2(¢p—Y¥ )>

 Consistent with zero: Method Detalls

#  =sinZ(i-w)> Comected
#  =sinZ(¢-w)> Uncorrect
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