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Elliptic flow (v2)

B Elliptic flow

X

dN/d@ « Ny(1+2v,cos(2¢p))

Initial spatial anisotropy

B A powerful probe of the initial state of ﬂ
the high energy heavy ion collision

y
B transfer initial spatial anisotropy

to momentum space anisotropy % \ 7 P4
L <

O macroscopic ; hydro model N p

=> pressure gradient ‘(, } \ X

0 microscopic

.. _ Momentum space anisotropy
=> scattering in the medium

of particle emission
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v, already developed in partonic phase ?

B identified hadrons v, after
scaling pT and v2
number of quarks

M v2 after scaling fall on
same curve

V>/N

B v2 already formed in the
partonic phase for hadrons
made of light quarks (u,d,s)

=> partonic level v2

B charm quark also flow @ RHIC ?
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Charm quark

B Charm is believed to be produced in
initial collisions via gluon fusion
=> total cross-section ; binary scaling (N_,,)

. — %

B Charm propagates through 2 F : A
medium created in the collisions -~ T UV
=> good probe of medium sk 4 o
Ew “E LL *L _+_ _+_ —50.15

W initial charm v2 might be 0 °ap] - - S
=> charm quark v2 due to scattering o.z:i’ F{;ﬁ;‘)""e“‘gmosnm’2005 En
in medium 0 El

=> non-zero charm v2 indicate T R R [

N

coll

very high dense medium created
In the collision and quark level thermalization
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Charm quark study @ PHENIX

_ /“'
B Electron sources e /Df__—-—vx
!Tc.
charm decay ) . //vD/"
beauty deca non-photonic ;V
u y y LN ] o@mﬂ f;
Dalitz decays \ M/CE
TCO

Di-electron decays T f"‘(/

Photon conversions  Photonic <27+ &
Kaon decays @

Thermal dileptons |

B Subtract photonic electrons following methods
O“Cocktail subtraction” — calculation of “photonic” electron
background from all known sources
O“Converter subtraction”— extraction of “photonic” electron
background by special run with additional converter
(brass, X =1.7%)
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Charm quarks interact with medium ?

L™ Rpa: 0-10 %
r_ Au+Au @ Ys,, = 200 GeV

[ | non_photonic electron RAA 1.8 g Min. Bias —— statistical error

1.6F- AutAu @ sy, = 200 GeV systematic error
F PHENIX Preliminary

1.4F uncertainty in T, I PHENIX Preliminary
) ; uncertainty in p+p ref. E
B clear suppression @ high pT p:
in more central collisoion -8F
(Raa < 1.0) a
1.8 Rpa: 10-20 % :_ Rpa: 20-40 %

=> one of the evidence charm
quarks interact with the medium 1.4

AutAu @ s, = 200 GeV
PHENIX Preliminary

 AutAu @ Ys,, = 200 GeV
[ PHENIX Preliminary

B low pT and peripheral collision
(centrality > 40 %)
is consistent with binary scale

R B T e L S B B B L L.
1.8 R,,: 40-60 % = R, 60-92 %
£ AutAu @ ys,, = 200 GeV FAutAu @ sy, = 200 GeV

B v2 measurement (pT,cent) 1-SF prENiK prefiminary PHENIX Preliminary
gives us additional info. of the 1.2
interaction between charm and  os
the medium 04

-
s
[TTTTTTT

1 15 2 25 3 35 4 45 51 15 2 25 3 35 4 45 5
pr [GeVic]
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Electron v2 measurement @ PHENIX

B Electron v, is measured by R.P.
method

dN/d(¢-®@) = N (1 + 2v,°Pscos(2(p-P)))

B R.P. --- determined with BBC
M Tracking (pT,¢ ) ---DC + PC
M electron ID --- RICH & EMCal

60000

elD @ RICH

50000

40000

After subtract B.G. West Beam View East

30000}

20000: E / E
- //\ | B.G. Fig : Energy (EMcal) & momentum matching
of electrons identified by RICH.

? . / ATt .
e Clear electron signals around E/p-1 =0

10000

E-p/p/sigma) distribution
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Non-photonic electron v2 measurement

B Non photonic electron v2 is given as;

dN_/d® =dN,, . /d® + dN /D

pho.e non-pho.e

IRye (Min. Bias))|
4 =

=>v2e = {(1+Ryp) v2 - v2¢ 1}/ Ryp

non-y

Y N U U N YOO SO B I

e(non-v)/e(7r)

O v2 --- inclusive electron v2 R L A ARG s (s R E
 Run04: X=04% |
m RNP —e (non_ y ) / e( 7,) 2_5; ............. Un ____________ e % . e

T S N AN SN W W —
B g . i g

B photonic electron v2 determination V2 110 L £ e
Oconverter method (experiment) 05 u ,@J.TRun 2)(_1 ﬁ%
Measure inclusive electron v2 | ' ' o 1GeVIc]
with/without converter. (QMOS5 F. Kajihara)
Then separate non-photonic & photonic e v2
Ococktail method (simulation)
Determined photonic electron v2 with simulation

oo
o
(%]
—
~F
(4]
N
N
(3]
w
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Inclusive electron v2 (in/out converter)

~ 0.3
=

» eV, with converter
0.25
» ev, without converter
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M inclusive electron v2 in / out converter
M difference between converter in / out
=> photonic & non-photonic e v2 is different
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Inclusive electron & photonic electron v2

pt v.s.
~ 0.3
0.25 O photonic electron v2 (converter method)
- — photonic electron v2 (simulation ; pi0 -> e)
02— ® inclusive electron v2 (converter out)
0.15:— C]I)
0.1 éﬁ’ %m
u.usf—
oF
-ﬂ-[ls.:||||||||||||||||||||||||||||||||||||||||“|||||||||

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Pr

B compare with inclusive & photonic electron v2
B photonice v2 ; pT < 1.0 (conv.) & pT > 1.0 (cock.)
B inclusive electron v2 is smaller than photonic electron v2
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Non-photonic electron v,

~ 0.3
> -
EAU+Au@y sy =200GeV
"'25§ﬂin.Bia@\l NN=2
—non photonic e +e-
0-2-PHENIX preliminary
u.153—
u.1f— B E
- E ®
0.05 EE«IE = $ %
oF * 5
-u.ﬂsf—
_u_1: | | | ' A | | I B
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
pr (GeVic)

B Non-photonic electron v2 : pT < 1.0 (conv.) & pT>1.0 (cock.)
B Non-photonic electron v2 has non-zero v2
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Non-photonic electron v2 (centrality dep.)

~0.3 ~0.3 ~0.3
> L > = > -

CAu+tAu@\s,,=200GeV CAUtAu@\s,,=200GeV CAu+tAu@\s,,=200GeV
0.25 0-20% . 0.25.20-40% . 0.25 40-60% .

- non photonic e +e’ - non photonic e +e” I non photonic e +e’
 PHENIX preliminary T PHENIX preliminary  PHENIX preliminary
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B non-photonic electron v, seems like getting larger with centrality
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Compare with R, ,

- — -2 — = =
= F Au+rAu @ Ys,, = 200 GeV e F Au+Au @ Ys,, = 200 GeV = F Au+Au @ s, = 200 GeV
1.6 O-10 % 1.6 20-40 Y 1.6 A40-60 Yo
= PHEMIX Preliminary r PHEMIX Preliminary Z PHEMIX Preliminary
1.4 1.4 r
1.2 1.2 r
1t 1t -
o8 o8 -
0.6 0.6 —
o.a o.a E o.a
o2t 0.2 o.z[
ﬂ:| u:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII u:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
o o o5 1 15 2 25 3 35 4 45 5 o 05 1 15 2 =25 3 35 4 45 5
P GeVic) P GeVic)
Rl o o
= [ = o = o
—Au-l-Au@\,E =200GeWV FAuu+Au =200GeV A uu+Au =200GeV
- 0-20% w CZ0-40% rame C40-60% rame
. 2l-non photonic e +e” .2 -non photonic e +e” 0.2 -non photonic e +e”
T PHEMIX preliminary TPHEMNIX preliminary FTPHEMIEX preliminary
.15 o155 — o155 o
- . ,_éég = et
o1 o.1- ,_,i' 0.1
= L r— E: r
B $$ r —, C LS
0.05 g @ 005 D05
- 22 - L g
o o o Ly
Ww.oslooloo bbbl ool oo b b s lba poslooloo bbbl ulanld 1 | | o.050 1 | 1 | | loarsdianal |
o o5 1 15 2 =25 3 35 4 45 5 o o5 1 15 2 =25 3 35 4 45 5 os 1 1.5 2 25 3 35 4 4.5 5
P Gevic) P {GeVic) P Gevic)

®R,, ~ 1.0 @ peripheral collision but v, still non-zero
B indicate charm quarks interact with medium not only central but also peripheral
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D meson flow ?

5 030
0.2 “AutAu@\s,,=200GeV
o‘zsﬂmn mrs\JT .
s -non photonic e +e°
L. 0.2EPHENIX preliminary
= -
S .05 0.15F
E :
@ -
50" 017 3
@ C -
= 02 - $S $ $
% 005 T
o 0.15 n:
0.1 - L 4
0.05 0.05-
ﬂ"?‘: -‘.- I I R _0.1:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
o 1 Z 3 4 5 0 05 1 15 2 25 3 35 4 45 5
Transverse momentum p (GeVv/c) Py (GeVic)

B electron v, from D meson decay well reflect parent v,
B _non-zero non-photonic electron v, suggest D meson
also flow @ RHIC
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expected D v, from non-photonic e v,

«0.25
L - > r
expected D v2 from non-y v2 . D, (pion v, shape for D)
B process - : ’
P . 02— D v, (kaon v, shape for D)
(1) D v2 = a*f(pT) - —»— D, (proton v, shape for D)
a ; free parameter oqst. O TV
f(pT) ; pi,K,p - 0 Deuteronv, O
(2) D->ev2 01—
(3) Calculate x 2 .
(4) Find x 2 minimum for “a” g
- O
D meson vy shape (f(pr)) | @y2mim. | X*/ndf o H
Vo () 0.7 0.88 - 7, deuteron v2 --- PHENIX preliminary
l‘?(.h'} []'T:j [).8E) _u-ns_lII|III|III|III|III|III|III|III|III|III
: . 0 02 04 06 08 1 12 14 16 18 2
Uy(p) 0.6 1.23 p, (GeVic)

B expected D meson v2 from non-photonic electron v2
O smaller than pi v2
O larger than Deuteron v2 “if D v2 shape same as pi, k, p”

Mass D meson~ Mass Deuteron
2006/6/4 15
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Charm quark flow ?

B Compared with quark

coalescence model prediction.

with/without charm quark flow

(Greco, Ko, Rapp: PLB 595 (2004) 202)
- No Bottom contribution

-cv2smalluv2 @ low pT
- quark v2 flat @ high p;

B Below 2.0 GeV/c ;
consistent with charm quark
flow model.
=> favor charm quark flow model

Hassumecv2<uv2@ lowpT o~
=> mass effect in partonic level 2"
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B meson contribution ?

25

20

[F0]

v

i 10F

waku
o 0.25
- o PHENIX prel (minbias) — c+breso | >
- Au-Au Vs=200 GeV (b=7fm) — c+b pQCD 0.2
: — CI€SOo -

- Hendrik, Greco, Rapp

I5- nuckth/0508055  W-o- B meson (c flow) 0%

owW) g4

0.05

® based on quark coalescence model

(W ¢, breso; c,b getv2 by elastic scat. in Q@GP

-0 l 2 3

pr [GeV]

4

D&BVv2
-assume D & B v2 same

D->e \

B->e

5 "0 05 1 15 2 25 3 35 4 45 5

Pt

B B meson contribution is model dependent now
but the contribution is getting larger at high pT.
M electron v2 from B meson is smeared due to large mass difference

=> high pT single electron v2 is getting smaller ?
2006/6/4
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"
Near future

M single y v2
B new reaction plane detector
O good resolution => reduce error from R.P.

O J/¢Y v, & high pT non-photonic electron v,
H silicon vertex detector

O direct measurement D meson v2

Forarard (Moseconse)
W5 Calorimaters

muomeaiamn

[Silicon vertex detector] [Reaction plane detector]
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Summary

B Non-photonic electron v, from heavy flavor decays
has been measured with RHIC-PHENIX

B Non-photonic electron v2 has non-zero v2
=> indicate non-zero D meson v2

B Clear centrality dependence of non-photonic e v2
B Compare with model calculation with charm flow (c v2 < u v2)

=> consistent with charm flow model below 2.0 GeV/c
=> mass effect in partonic level ?

B Estimate D meson v2 from non-photonic electron v2
assuming D meson v2 shape same as pion, Kaon, proton.
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m Backup slides
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Converter method

Separate non-photonic & photonic e v2 by using
Non-converter run & converter run

[ Non-converter ; N,.=N,+N
| Converter ; N,=Ry*N,+N

non-v

non- y

:> : (1 +RNP)V2nc = V2r + RNPV2non-r
| (Ry+Ryp) V2. = RyvZ, + Rypv2

non-y

Ry --- ratio of electrons with & without converter (measured)

Ryp - non-photonic/photonic ratio (measured)

v2, . ---inclusive e v2 measured with non-converter run (measured)
v2. ---inclusive e v2 measured with converter run (measured)

V2,0n-»(NON-photonic) & v2_ (photonic) is
“experimentally” determined !

2006/6/4
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Cocktail method

Determined photonic electron v2 with simulation
Then subtract it from electron v2 measured
with non-converter run

dN_/d® =dN,, . /dD + dN /d®

pho.e non-pho.e

) V200, = {(1+Rp) V2 - V2, } }/ Ryp .~ Measured
AN

measured calculate

Ryp --- non-photonic/photonic ratio
experimentally determined
v2 --- inclusive electron v2 (without converter)
v2 ., --- photonic electron v2
calculated from piO (pion) v2

2006/6/4
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D-> e v2

waku
025
- o Dv,(pion v, shape for D)
o2 * Dv,(kaon v, shape for D)
- D v, (proton v, shape for D)
"= D meson v2
o ——
005 +ﬁ¢ —
C 1+ s
i —.—++
D_
_u_us_llll\II|III|II\|III|III|\II|III|II\|III
0 02 04 06 08 1 12 14 16 18 2
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p; (GeVic)

025
_ O non-photonic e v2
. * D>y Elon v, shape for D)
“" »  D->ev,(kaon v, shape for D
- o D->ev,(proton v, shape for D)
5= electron v2
0'1:_ %
0.05—
Decay ¢ i T
0- i
_uloszlllllII|III|III|III|III|III|III|III|III
0 02 04 06 08 1 12 14 16 18 2

p; (GeVic)
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D v2 estimate from non- y e v2 (2)

P P T
= S & T(pT) = kaon v2
2
Minimum : 70 % 2(*) Minimum : 75 % 2(%)

1w

chi2

M U R @ B w m oW

f-{pT) = prPton v2

W

52 ] Ta (=] (5] [ 198 [F:]

Minimum : 65 %a(%6)

B x 2/ndf v.s. scale factor (a)
B current result can’t decide what shape is better.

2006/6/4



"

New reaction plane detector

BA new reaction plane detector
o W poSition ; 1~n|~2.5,
o™ M resolution ; <cos2A®> ~ 0.7
(BBC ; <cos2 A ©>~0.3)
B materials ;
Pb converter + scintillator

4

||I
muonrarm ‘
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