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Introduction

» Whatis HBT ?

Quantum interference between identical two particles q=p—P;
Powerful tool to explore space-time evolution in HI collisions _ b+
1 2

Correlation function c, is defined as :

P(p,) : Probability of detecting a particle Gge L Ky

P(p,,p,) : Probability of detecting pair particles

C,= P} Py pzz W P,
P(p.)-P(P,) .

—2F |detector

—1+ ‘/5(q)‘2 =1+exp(— Riivqiznv)

(If assuming gaussian source)

» Bertsch-Pratt parameterization at LCMS frame

C,=1+4exp (_Riivqiiv)

=3 |detector

=1+ ;Le)<p (_Rszideqszide T R§utq§ut o RI?)ngqlzong o 2R025qsideqou';\)\ """""

R.q4e - transverse size of source
R, : transverse size of source + emission duration

Riong : lONngitudinal size of souce

R : cross term between side and out

side

0s
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Physics Motivation

» Azimuthal HBT analysis
Measures the source shape w.r.t Reaction Plane

Source shape at freeze-out is
Sensitive to “system lifetime”
Related to momentum anistropy

» HBT Results for charged pion and kaon

Centrality and m; dependence were measured for pion and kaon
—no significant difference between both species

How about azimuthal dependence?

1 AutAu200 GeV (0.3<k,<2.0 GeV/c) 1 E‘ FrimmrmT PHIEI\iIJYIf"I;e'f‘meﬂ o 1 Au+Au at 200 GeV (0-30 % centrality) = A o e T
| WEK + KK s SysEer (Rund) || £ F 1 N ] < | WK+ KK o sysEe Rund) || E 60 1 PHENIX Preliminary ¢
YO T Y T e SysErr (Run2) [ g 4 - 1 “lorrvrr SysErr. (Run2) | g
06 S T . n:ﬁ Foi ; ; d*; : 7 7 7 7 =
r i + i ] B eoheneed *ﬂﬁ- -
040 -—=k ¢+ 5 i - ﬁ,_ * i 1
I L I Tiaai : 1
b 3 o 2 } oo S
- PH ENIX . g :i': L ]
oL i 1. gL 1 1 1
2 3 4 5 6 gl 2 3 4 5 6 gt
b ks
—_ [ : I T —_ : T T 1
é F| All pion HBT radii are rescaled P .E Foi ! : : q
4 47| from<m.>= 047 10089 GeVie | . t J = e L 1
SE i i 1 er i i i 1
=3 f i b 5[ ! f i H 1
o ; : i ] g F ; : 1
:&*&* 0 D B % §-
- = o
I S N A S 1
P { L == :
i i i i ¥ A i i i i ; ; ; ; T
2 3 4 5 6 Ll 2 3 4 5 6 gl 02 04 06 038 1 E 4
part part m, [GeVic] m, [Gevic]

gro rdll 2011



Analysis flow

» Measure the experimantal C,

» Correct Event Plane resolution

» Finite resolution reduce the oscillation
amplitude of HBT radi

» U.Heinz et al, PRC66, 044903 (2002)

» Fitting C,
» Sinyukov fitting method
(includes coulomb correction and effect of long lived decay)

» Get HBT radii(Rgjge;Rout:Riong:---) @s a fitting result
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Analysis flow

» Measure the experimantal C,

o _ R@ | | |
= ; iv um dist. [
2 — R(q): relative momentum dist. of Real pairs

I\/I M(q): that of mixed pairs
(Q) (@ p
4
4
4
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Analysis flow

» Measure the experimantal C,

_ R(a) | | |
2 — R(q): relative momentum dist. of Real pairs
M (C]) M(q): that of mixed pairs
» Correct Event Plane resolution
Finite resolution reduce the oscillation ey
amplitude of HBT radii TN
U.Heinz et al, PRC66, 044903 (2002)
} o.z_ -«,.\M.

cendbondb o oond o b b Lo
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Centrality [%]
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Analysis flow

» Measure the experimantal C,

« _R@)

5 = R(q): relative momentum dist. of Real pairs
M (C]) M(q): that of mixed pairs

» Correct Event Plane resolution

Finite resolution reduce the oscillation e
amplitude of HBT radii TN
U.Heinz et al, PRC66, 044903 (2002)
o o.2f ”‘x,\_
» Fitting C,
Sinyukov fitting method 0 10 20 30 40 50 60 70 80 90 100

Centrality [%]

(includes coulomb correction and effect of long lived decay)
C . Ccore _|_Chalo
2~ M2 2

=[A1Q+G)F]+[1-1]

G= EXp (_Rszideqszide - R()Zutq§ut o RI?)ngqlzong o 2R§sqsideqout)
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Analysis flow

» Measure the experimantal C,

o _ R@ | | |
= ; iv um dist. [
2 R(q): relative momentum dist. of Real pairs
|\/| M(q): that of mixed pairs
(Q) (@ p

» Correct Event Plane resolution

Finite resolution reduce the oscillation e
amplitude of HBT radii TN
U.Heinz et al, PRC66, 044903 (2002)
- b2y .‘.."‘m.__
» Fitting C,
Sinyukov fitting method CUTTT T e

(includes coulomb correction and effect of long lived decay)
C . Ccore _|_Chalo
2~ M2 2

=[A1Q+G)F]+[1-1]
G= EXP (_Rszideqszide o RozuthM o RI?)ngqlzong - 2R§sqsideqout)
» Get HBT radii(Rgjge,Rout:Riong: - -) @s a fitting result
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Correlation function for pion

» Raw c2
»  With sinyukovV’ fitting function
» Centrality:30-60%
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Azimuthal dependence of HBT radii for pion

» Observed the oscillation for R4, R

>
>

Rside? [fm?]
[, ]

15

10

070517152 Qﬂlﬁ [,"sad]

0.5

0.4

R

outr 0s

Different emission duration between in-plane and out-of-plane at 0-10%?

Data points are fitted by cosine series function
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Fourier components of azimuthal HBT radii

» Fourier component for R 4. IS caluculated by the following fit

R=R:ie0 + IR0 [c05(2A0) + 2 cos(4A¢)
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4t order Fourier component seems to have negative value,
But it’s zero within systematic error
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Correlation function for kaon

1D 3D
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Azimuthal dependence of HBT radii for kaon

» Observed the oscillation for R4, R

>
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Data points are fitted by cosine series function
R=R2,+2R’, cos(2A¢)

R=R2,+2R?,sin(2A¢)
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Eccentricity at freeze-out

2
» Final eccentricity is difined as ¢ = 2—32

s,0

by Blast-wave model

€niia- INItIAl eccentricity calculated by Glauber model
Einal - final eccentricity calculated by above

if €;0= Enitia =05
c
Same source shape between o5 —e— Au+Au 200GeV 7T+
Initial state and freeze-out 0.4 —e— Au+Au 200GeV K'K'+K'K’
—+— STAR (PRL,93,12301)
Einitial = Efinal
if €5ina< Enitial 03— PHENIX Preliminary

Source expands to In-plane direction
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€initial
PHENIX result is consitent with STAR result for pion

€., Of kaon is larger than that of pion and close to €,
» Due to different average m;? or different cross section?
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Summary & Next to do

» Measurements of azimuthal dependence of HBT radii for pion and
kaon in Au+Au 200GeV collisions

Observed the oscillation of R4, and R, for kaon as well as for pion
4th order in oscillation of Ry, for pion is zero within systematic error
Final eccentricity of pion is consitent with STAR result

Final eccentricity of kaon is larger than that of pion

» Nextto do
Need to check m; dependence of final eccentricity
Possible to understand the difference of pion and kaon?
Comparison with model (ex.blast wave model)

Azimuthal HBT w.r.t higher order event plane

Analysis using 3" order event plane is in progress .

Privides information about relation
between v; and source shape? T Psi3
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Back up
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Data selection

» Data
Run7 Au+Au 200GeV

» Track Cut
quality: 63 or 31
pion : pt > 0.2[GeV/c] && mom<2.0[GeV/c]
kaon : pt > 0.3[GeV/c] && mom<2.0[GeV/c]
temc < 50[nsec]
30 matching cut @ PC3
30 matching cut @ EMC
ecent > 0.1[GeV]
EMC-west(all sectors)

» PID
pion: PiK20 && K>20 && P>20
kaon: Pi>20 && KK20 && P>20

» Event mixing
Zvertex: 30[bins]
Centrality: 20[bins] (10[bins] for kaon)
Reaction plane by RxP: 30[bins] (20[bins] for kaon)
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PHENIX Detector

» Vertex, Centrality

) BBC, 2DC 2007 PHENIX Detectc;g
» Event plane

» Reaction Plane Detector(RxNP)
» Tracking

» Drift Chamber, Pad Chamber
» PID by EMCal

» Used all sectors in west arm
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