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J.Schukraft et al., arXiv:1208.4563

» Event shape engineering (ESE) *% 10+?
o0 J. Schukraft et al., arXiv:1208.4563 5 . aowersn |

0 Selecting e-b-e v2 by the magnitude of flow vector g ® _
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Hanbury Brown and Twiss interferometry

» Hanbury Brown and Twiss effect (1950s)

o Quantum interference b/w two identical particles

o Due to (a)symmetrization of the wave function of
identical bosons(fermions)

. P(p17p2)
2= P(p1)P(p2)

q = P1 — D2
~ 1+ |p(q)|? =1+ exp(—R*¢%)

O | HBT effect

2 I & Galpion) » Experimentally correlation function
* Coulomb strength N ( )
real\d

Coy = Nreal: real pairs in the same event

> Coulomb repulsion Nmmed(q) Nmixed: pairs made by event mixing
08—~ +contamination

o Enhancement at low g by HBT effect
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q,, [GeVid] o including final state interaction (Coulomb, strong)
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PHENIX experiment

» Centrality, zvertex

/ ':
0 Beam Beam Counter (3<|n|<3.9)

» Event plane & flow vector determination

0 Reaction Plane Detectors (RxNP) (1<|n |<2.8)

6 Res(W2)~75%

e N/ > Tracking
' % o Drift Chamber + Pad Chambers (| n |<0.35)

ELECTROMAGNETIC
CALORIMETER

» Charged pion identification

Event Plane Resolution

A A o Electromagnetic calorimeter (EMCal) (| n |<0.35)
= n: : g:: +or°uct'ut . . .

b = Nt o using time-of-flight at EMCal
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1. Q2 distribution measured by RxNP
2. Fitted with the Bessel-Gaussian function

fBesselGa,us —
o)

(7§ + 2°)
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3. Select higher or lower Q2 events

Au+Au 200GeV

RXN.S+N

Bl lower 30%
[]higher 20%

0-10%

- = Bessel-Gaussian

TN

PH:<ENIX
preliminary

10-20%

Resolutions of event planes were
estimated by 3-sub method using
RxNP(1<| n |<2.8) and BBC(3<| n [<3.9)

applying Q2 selection.



Charged hadron
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> 0-10% | Au+Au200GeV 10-20%] 20-30%| 30-60%
| Q,-RXN.SN | | |

o ho 02 selection
e lower 02 30%
e higher C!2 20%
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> Test of the event shape engineering for vz in Au+Au 200GeV collisions

0 v2 measured at mid-rapidity (| n7 |<0.35)
0 Q2 and EP determined at 1<|n |<2.8

» Confirmed that higher(lower) Q2 selects larger(smaller) vz
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» Applying the ESE to azimuthal HBT
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t W2 with ESE

. 1 . .
kr = §(pT1 + pr2)

Jo H ET? CTS 1 ET

RZ = Ri,o + ZRIQL,Q cos(2A¢)

O charged m m-correlation measured at mid-rapidity (| n [<0.35)
0 Q2 and EP determined at 1<|n |<2.8

> Osclillations of Rs and Ro become larger when selecting higher Q2

except Ro in 0-10%



Freeze-out eccentricity vs Noart with ESE

AN
o
> Efinal ~ 2Rs22/Rs 02 < 1 osRxsy
_ _ — g, inal @' no Q, selection
O F. Retiere and M. A. Lisa, PRC70.044907 N & higher Q_20%
10.2|- g
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04 ¢ ¢
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» Higher Q2 selection increases the " o R, modulation 0
measured Efinal o
CEd - m R,,modulation
O Selected more elliptical source at freeze-out? = | E
O might be originated from Einit N‘Q‘; " final 7
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Event twist selection with HBT
with AMPT model



backward
&,_—

-
---------

arXiv:1403.6077
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part part
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En 7 En
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part,n part,n

z Twisted fireball due the density fluctuation
of wounded nucleons going to forward

and backward directions

O P. Bozek et al.,, PRC83.034911
o J. Jiaetal, arXiv:1403.6077

z Also known as “event plane decorrelation”

o K. Xiao et al.,, PRC87.011901
O decorrelation increases with increasing n-gap

2 Vvn may be underestimated, which means
overestimating n /s
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initial twist

J.Jia et al., arXiv:1402.6680
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= =An€E [-4,-3] — AnE [3,4] |
==AnE[-2,-1] —AnE [1,2] |

1.05F-

2000

CAd

1000

—> 0 2
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0 — 4
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C(Ap, An) o< 1+ 2X0v%0° cos(nAd — nA@r)

» Twist effect on anisotropic flow&2PC studied with AMPT
0 Requiring finite difference b/w forward and backward EPs (W2B-Ww5F)

» Twist effect appears as a phase shift in A¢-An correlation
O initial twist survives as a final state flow in momentum space
» How about in spatial coordinate space?
12



» AMPT model

Over.2.25 (string melting)
O Pb+Pb 2.76 TeV collisions, b=8fm

O initial fluctuation based on Glauber model and final state interaction via transport
model

» EP determination at 4<|n |<6

&twist cut

__- -:reference angle of HBT

6-5-4-3-2-10123456 N

» HBT analysis
O Add HBT correlation between two pion pairs
» (1+cos(ArAq)) was weighted when making g-distribution of real pairs
O Allowing to take 7+ - pairs to increase statistics
» confirmed a good agreement between m*m and m "
O No EP resolution correction
O Bertsch-Pratt parameterization

CQ =1+ eXp(—qug — RQQg — R%QZQ o 2R33Q0Q8 _ QRElQOQZ T 2R§ZQSQZ)

O
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HBT radii w.r.t backward W2

NE : AMPT Pb+Pb 2.76TeV NE
= L b=8fm . = |
Al » & p o Al O
oC B oC
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» Selected events with (W2B-W2F)>0.6

» Phase shift can be seen, and data are fitted with cosine(sine)
function including a phase shift parameter o

Ri = RIQL’O + QRZ,Q cos(2A¢ + «)
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I | -@-3.5<n<-2.5 @ 2.5<n<3.5
i ' - @ -2.5<n<-1.5 & 1.5<1<2.5
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» Selected events with (W2B-W2oF)>0.6

» Phase shift can be seen, and data are fitted with cosine(sine)
function including a phase shift parameter o

Ri = Ri’o + QRZQ cos(2A¢ + «)
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RZ = Ri,o + 2Ri)2 cos(2A¢ + )
R(Z)S = 2R(2)8’2 sin(2A¢ + «)
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ohase shift

» Phase shifts become larger with going far from n of a reference EP

(-6<n <-4 or 4<n<06)

» Source at freeze-out might be also twisted as well as EP angles

O It may include the effect from twisted flow
2 This twist effect could be measured experimentally

16



Summary

Event shape engineering at PHENIX

O Azimuthal HBT measurement with the event shape engineering have been
performed in Au+Au 200GeV collisions

O Higher Q2 selection enhances the measured €final as well as vz

O More accurate relation between initial and final eccentricity
O Applicable for detailed study like a path-length dependence in 2PC?

Event twist selection with AMPT model

O A possible twisted source have been studied via HBT measurement with AMPT
Pb+Pb 2.76TeV collisions

O Phase shifts of HBT oscillations are seen as a function of n, possibly
indicating the twisted source at final state

O This effect might be measured in RHIC and the LHC, especially in ATLAS or
CMS

> These technique might be useful for Cu+Au and U+U
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2 Emission points of pions in the Blast-wave model (PRC70, 044907)

2z HBT radii = “length of homogeneity”
o known as kt dependence of HBT radii by radial flow

B,=0.907 8,=0.974
10 g observer

5 - ~))
= L f

. ; . kY4
s : ' \\‘{

TR oj-l-mP
R, (fm)
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HBT radii w.r.t ¥2 with ESE
(R and Ros)

® 0-10% A 10-20%
v 20-30% + 30-60%

150 :
I ok
10 - P
I PH-<ENIX
i preliminary
B R B B R T
(1)-‘P2 [rad] (1)-‘P2 [rad]

» Oscillation of R| doesn’t change, while Ros increases when selecting
higher Q2 events as well as Rs and Ro
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Event-by-event vn at ATLAS
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Oscillation amplitudes as a function of Npart
with ESE
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HBT radii w.r.t ¥2B
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» Selected events with (W2B-W2F)>0.6
» Phase shift can be seen, and become larger with going far from n
of EP for a reference angle (-6<n<-4)
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HBT radii w.r.t ¥28(F)(n<0)
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» Selected events with (W2B-W2F)>0.6
» Phase difference between W28 and W2 can be seen in Rs, Ro, and Ros
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HBT radii w.r.t ¥28F (n>0)

AMPT Pb+Pb 2.76TeV
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» Selected events with (W2B-W2F)>0.6
» Phase difference between W2B and W2F can be seen in Rs, Ro, and Ros
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HBT Interferometry

B 1956, H. Brown and R. Twiss, measured angular diameter of Sirius

B 1960, Goldhaber et al., correlation among identical pions in p+p

wave function for Uiy =
2 bosons(fermions) :

1

V2
P

02 (p17p2) ~

By quantum interference between two identical particles

(W (z1,p1)¥(x2, p2) + W(z2,p1)¥ (21, p2)]

= ~ 14 5(q)|” =1+ exp(—R*¢%)

—=¥ | detector

detector

P2
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Correlation Function

B Experimental Correlation Function C, is defined as:

< R(q): Real pairs at the same event.

< M(q): Mixed pairs selected from different events.

Event mixing was performed using events
with similar z-vertex, centrality, E.P.

relative momentum dist.

q=P1— P2
<> Real pairs include HBT effects, Coulomb —

interaction and detector inefficient effect. i
« ~¢— HBT effect

Mixed pairs doesn’t include HBT and T
Coulomb effects. 13_K+++

Coulomb repulsion

C,=R/M
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3D-HBT Analysis

B Core-Halo picture with “Out-Side-Long” frame

<-Longitudinal center of mass system (p,,=p,>)
<-taking into account long lived decay particles

beam

02 _ gore + Cgalo
=M1+ G)Feout] + |1 — Al

G :exp(—qug — qug - RZQQZQ - 2R38QSQO)

F.ou: Coulomb correction factor

A fraction of pairs in the core

R, = Longitudinal Gaussian source size
R, = Transverse Gaussian source size

R, = Transverse Gaussian source size + A T
R,= Cross term b/w side— and outward drections

28
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Correction of Event Plane Resolution

B Smearing effect by finite resolution of the event plane

true size

measured size
Reaction Plane '

B Correction for g-distribution A...(¢, ®;) =Auncrr(q, @)
<+PRC.66, 044903(2002)

+23Cn m|Accos(n®;) + Agsin(n®,)]

. , nA /2
v' model-independent correction Cnym =

it R CROATRn))
<>Checked by MC-simulation

event plane resolution

Y w.rtRP

V¥ Uncorrected w.r.t EP

Smeared

V¥V Corrected w.r.t EP

Corrected!

0 05 1 15 2 2.g¢’[3rad] -0 05 1 15 2 2'%<|>?rad]
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Azimuthal sensitive HBT w.r.t 2"4-order event plane

central STAR, PRL93, 012301
* 0-5% = 10-20%  * 40-80%

R

out-of-plane

/7
in-p{ane

J R, 10 | — H | |

in-plane \ [ T )

peripheral = i+ "]

~3% o

& 20} 0.15<k;<0.6 GeVic |

Reaction plane = 2"d-order event plane(v, plane) IS T VU !
PRC70, 044907 (2004), Blast-wave model 0 w2 0 w2 &

T
® (radians)

B R,, is sensitive to final eccentricity

<>Oscillation indicates elliptical shape
extended to out-of-plane direction.

Results of HBT w.r.t 2"9- and 3"9-order event planes are presented today!
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<cos(n[¥,- ¥, ])>

Event Plane Determination

beam pipe

“
- e
5 '
(Eall iy
T S /A

; / N
= s
P J (A
5 pr o)
\

Event Plane Resolution

e n=2, North+South
o n=2, North or South
e n=3, North+South

[}

n=3, North or South

50 60 70
Centrality [%]

24 scintillator segments

®

beam axis

B Determined by anisotropic flow itself
using Reaction Plane Detector
1 2w; cos(nao;
W, = —tan ! L (nd:)
n Yw; sin(nae; )

B EP resolutions <cos[n(¥ -¥,..)]>
<Res{W¥,} ~0.75, Res{¥,;}~0.34
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