Measurements of Directed flow

for charged hadron in ysy = 200 Ge
Cu+Au collisions at RHIC-PHENIX

Hitomi Ozaki for the PHENIX Collaboration
University of Tsukuba
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Participant and Spectator Planes
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Rapidity dependence of v,°dd and v,even
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Rapidity dependence of v,
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Rapidity dependence of v,°99 and v &ve" in Cu+Au
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correlation function (centrality 30~40%)

=2 BBCS-BBCN ~+ SMDS-BBCN
- — Ny(1.0+2.0v,cosAd)

"I — Ng{1.0+2.0v,cos(2AD)}

oot —Np{1.0+22.0v cos(nAD)} (n=1 -

O TGN, Y .
OO ST T T S S AT v

0.95- 0.95f

0.9:— 0.9:—
D-BS:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII o.as-llIIIIIIIIIIIIIIIIIIIIIIIIIIIII
3 2 1 0 1 2 3 3 2 1 0 1 2 3
~3: SMDN-BBCS

1.15

1.1:—

1.05:—

0.95

0.9

0.85 pad e bbbl

-3 SMDN-BBCN

1.15

1.05F

0.95[

0.9

0_85-||||||||||||||||||||||||||||||I

ro8_3

SMDS-CNT

1.15

1.05F

0.95F

0.9

Dlss-lllllllll||||||||||||||||||||||

=2 SMDS-BBCS

1.15

1.1F

1.05f

0.95f

0.9

0.85-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

SMDN-CNT

ro9_3

1.15

1.05

0.95

0.9F

0.85-|||||||||||||||||||||||||||||||




parameter v1*v1

-0.001

-0.002

-0.003

-0.004

-0.005

-0.006

-0.007k;

ram0_0 BBCS_BBCN ram1_0 SM DS_BBCN ram2_0
ofs o.oco: =
[ -o- ] -o-
[ . 0.007F .
0.0005} - i
[ -o- : -
oot o 0.006 .
hd 0.005f -~
0.0015 i
[ hd [
-0.002f o - o
0.0025F e 0-003¢
L [ _._
[ 0.002F
-0.003F
0.0035F 1 sl el 0'001'::.'l....|....|....|....|....|....|....|....|....

ram4_0

0.007
0.006
0.005
0.004
0.003
0.002

0.001F

012345617889 T1

012345617889 T1

SMDN-BBCS -

L B S e e S S e e e B B S e

T

01234567891

-0.01}

-0.02

-0.03

-0.04

-0.05

-0.06

-0.07

_SMDN-BBCN =

FoO-

T

T

-o-

T

L s

T

012345617 89T

SMDS-SMDN -0

) -*]
FO-
-e-

012345617 89T1

0.001

0.0005}-

0.0005

-0.001

0.0015

-0.002

SMDS-CNT

T

¢

T T

T

01234567 891

-0.001F
-0.002f
-0.003}
-0.004f
-0.005}
-o.oosf

-0.007}

0.0012

0.001
0.0008
0.0006
0.0004

0.0002

SMDS-BBCS

Le-

T

T

T

T

¢
¢

T

-o-

01234567891

SMDN-CNT

T

T

T

T

T

T

ol

012345617891




Res(SMD) in AuAu
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Res(SMD) in CuAu
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BBC 50-60% CuAu
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FVTX 40-50% CuAu
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FVTX 50-60% CuAu

0.04 0.04

0.02 0.02

-0.02 —r— 0.02

}
4

o
L B e B LA s N s s s B
o

0.04 0.04-

-4-3-2-1012341] -4-3-2-101234n

CuAu VI(FVTX) : vs 3-sub (50-60"_:'%(
FVTXSinn(3sub:FVTXSinn-SMDS-SMDN
FVTXNinn(3sub:FVTXNinn-SMDS-SMD|
FVTXSout(3sub:FVTXSout-SMDS-SMDN
FVTXNout(3sub:FVTXNout-SMDS-SMD!
FVTXSinn(SMDS:BBCS-SMDS-SMDN
FVTXNinn(SMDS:BBCS-SMDS-SMDN
FVTXSinn(SMDN:BBCS-SMDS-SMDN
FVTXNinn(SMDN:BBCS-SMDS-SMD
FVTXSout(SMDS:BBCS-SMDS-SMDN
FVTXNout(SMDS:BBCS-SMDS-SMD
FVTXSout(SMDN:BBCS-SMDS-SMDN
FVTXNout(SMDN:BBCS-SMDS-SMDN
FVTXSinn(SMDS:BBCN-SMDS-SMDN
FVTXNinn(SMDS:BBCN-SMDS-SMD
FVTXSinn(SMDN:BBCN-SMDS-SMDN
FVTXNinn(SMDN:BBCN-SMDS-SMDN
FVTXSout(SMDS:BBCN-SMDS-SMDN
FVTXNout(SMDS:BBCN-SMDS-SMDN
FVTXSout(SMDN:BBCN-SMDS-SMDN
FVTXNout(SMDN:BBCN-SMDS-SMD
FVTXSinn(SMDS)_average
FVTXNinn(SMDS)_average
FVTXSinn(SMDN)_average
FVTXNinn(SMDN)_average
FVTXSout(SMDS)_average
FVTXNout(SMDS)_average
FVTXSout(SMDN)_average
FVTXNout(SMDN) average

0.0

0.02

-0.02

I ==
0.04-

-4-3-2-101234"

oD>Odro>ORo>Ofo>00 >3 < >00000




Rapidity dependence of v;°d and v,¢¢" in Cu+Au
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Participant — Spectator f&{&

participants

before collision after collision
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Analysis Issues (~2 slides)

 What were the main issues in the analysis?

Check the quality of FVTX tracks ..
FVTX track &

- What was the resolution for these issues? BBC charge

| asked FVTX expert about it.

1. The FVTX track occupancy ~3%

2. No hot channel

3. The number of fake tracks ... very small
4,

The fake tracks (we can see in FVTX tracks vs BBC
charge) are not correlated with hits in MuTr systems




Estimating BG

v respect to BBC vertex v’ respect to a fake vertex

DCA with respect to BBC vertex (0,0, Z__ ), 1<in_ . [<3 DCA with respect to a fake vertex (0,0, random), 1<n_ _ [<3

T T T T T T T T T T T
10°E - 10°E
10°E - I ’\
B / - 10°E / \

T 1/

102§ I M’ \A

W M 1L

| | | | E
40 60 -60 0 40 60

1
-60

-40 -20 0 20 -40 -20 20
DCA projected to the P, direction (cm) DCA projected to the P, direction (cm)

Jin HUANG’s pl

v 97.5% of tracks fall with in IDCA_R|<2cm
v The order of BG is too small



Relation to Previous Analyses

* Are there any non-PHENIX results for this
observable? (STAR’s result)

Phys. Rev. Lett. 101 (2008) 252301

~~ [T T T T T T T T 1
o 8F U :
~ o v 30%-60%
N v STAR also used ZDC-SI!
2 =

.

o Data AMPT

a4k 200 GeV Au+Au g '\

- = — 200 GeV Cu+Cu R /
-6:— 62.4 GeV Au+Au ?{H
-8 =© 62.4 GeV Cu+Cu -

432101234n
e It’s similar between in AuAu and in CuCu




Comparison with STAR Results

;0.08 - Centrality 30-60%

- O STARAuAu
0.06)- O STAR CuCu

- ® AuAu (BBCS)
0'04; o [v AuAu (BBCN) } my dgie
0.02 ®yy

0;_ @@@9%@@

0025 Rerg
0.041
-0.06;—
'0'08:._.|....|....|....|...| | | | |

* It’s similar to STAR’s result in |n|=3.5



DCA_before

DCA _after

DCA distribution
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p+ dependence of v,

. v{¥..} N v {2PC}
. x10 arXiv:1306.4145
ALICE Pb-Pb@2.76TeV Ij<0.8 ~ ' '
I .1_. l . =e=  ALICE PLB708 249 (2012)
- odd even v, | ] Y R K I
) 7 . 777 Retinskaya et. al.
- .. 5e0% ! ! + ] 0.06F .... prL108 252302 (2012)
| — polynomial fits + 004 i
I~ A
T 1 0.02+ "
§ ' 00-10%
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PRL 111 (2013) 232302

Amagzing similarities of v,(p1) shapes for these 3
cases, while v,{2PC} is much larger by more than

factor of 10.



