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Inputs whi
h would provide a better understandingImprove d+Au statisti
s to further 
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old nu
lear matter e�e
ts(Run-8)Better handle of the total 
harm 
ross-se
tion (Sili
on Vertex upgrades)Measuring the feed-down 
ontributions from ψ' and χ
Measuring the J/ψ ellipti
 �ow (S. Oda's talk,M. Donadelli'sposter)
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 �owSpatial anisotropy in the 
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ond Fourier 
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= vmeas2 /σRxnPResolution of the rea
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〈
os2(ψmeas − ψtrue)〉 is ∼ 1.8×larger than with the BBC only
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PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 6



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 with the muon armsBias when using the RxnP dete
torRxnP and Mutr a

eptan
es overlapThe 2 muons and the possible a

ompanying fragmentationprodu
ts might bias the rea
tion plane measurement

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 7



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 with the muon armsBias when using the RxnP dete
torRxnP and Mutr a

eptan
es overlapThe 2 muons and the possible a

ompanying fragmentationprodu
ts might bias the rea
tion plane measurementTest of 3 
on�gurations (used as 
ross-
he
ks)1 "Opposite RxnP", RxnP lo
ated in the muon arm opposite tothe J/ψ:+ minimized bias � σRxnP worse than when using North+South RxnP2 "Both RxnP", both North and South RxnP dete
tors:+ rea
tion plane angle determination more a

urate � might be biasedbetter σRxnP3 "Same RxnP", RxnP dete
tor lo
ated in the same muon armas the J/ψ: � same resolution as with the "opposite" RxnPmaximum bias
PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 7



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 with the muon armsUsing the "subtra
tion method"

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 8



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 with the muon armsUsing the "subtra
tion method"Extra
t the J/ψ 
ounts in bins of (φ-ψ, pT , 
entrality) usingmixed event ba
kground subtra
tion

mass [GeV]

2 2.5 3 3.5 4 4.5 5

−20

0

20

40

60

80

100

120

140

160

south arm opposite arm RxnP

20−60%
[0,5] GeV/c

T
p

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 8



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 with the muon armsUsing the "subtra
tion method"Extra
t the J/ψ 
ounts in bins of (φ-ψ, pT , 
entrality) usingmixed event ba
kground subtra
tionFit the invariant yield with dNd(φ−ψ) = A[1 + 2.v2.
os2(φ− ψ)]to get vmeas2 in ea
h pT bin
 (deg)ψ−φ

−80 −60 −40 −20 0 20 40 60 80

)
ψ−φ

d( T
N

/d
yd

p
3

 d

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 8



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 with the muon armsUsing the "subtra
tion method"Extra
t the J/ψ 
ounts in bins of (φ-ψ, pT , 
entrality) usingmixed event ba
kground subtra
tionFit the invariant yield with dNd(φ−ψ) = A[1 + 2.v2.
os2(φ− ψ)]to get vmeas2 in ea
h pT bin
 (deg)ψ−φ

−80 −60 −40 −20 0 20 40 60 80

)
ψ−φ

d( T
N

/d
yd

p
3

 d

Divide by the appropriate averaged rea
tion plane resolution toget v2 as a fun
tion of pT
PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 8



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 with the muon armsStatus J/ψ Run-7 forward analysis

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 9



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 with the muon armsStatus J/ψ Run-7 forward analysisRAA has been measured and is 
ompatible with publishedresults
partN

50 100 150 200 250 300 350 400

A
A

R

0

0.2

0.4

0.6

0.8

1

1.2 PHENIX Run4 Au+Au (published)

PHENIX Run7 Au+Au (preliminary)

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 9



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 with the muon armsStatus J/ψ Run-7 forward analysisRAA has been measured and is 
ompatible with publishedresults
partN

50 100 150 200 250 300 350 400

A
A

R

0

0.2

0.4

0.6

0.8

1

1.2 PHENIX Run4 Au+Au (published)

PHENIX Run7 Au+Au (preliminary)

Status v2 forward analysisOngoing studies ⇒ Stay tuned!
PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 9



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookIn the 
entral arm: a proof of prin
ipleJ/ψ → e+e− |y | < 0.35Momentum measurementand tra
king with Drift andPad ChambersEle
tron identi�
ation withRICH and EMCal
West

Beam View
East

MPC HBD

RxNP

PbSc PbSc

PbSc PbSc

PbSc PbGl

PbSc PbGl

TOF

PC1 PC1

PC3

PC2
Central
Magnet

TEC

PC3

BB

RICH RICH
DC DC

aerogel

TOF

Spe
i�
s: a di�
ult measurement ?Less J/ψ than in the muon arms be
ause of a smallera

eptan
e: 1 per million eventsBetter J/ψ resolution than in the muon arms: 80 MeVBetter signal over ba
kground ratio: 1/2.7 [20,60%℄Run-7 equivalent number of minbias events 1.8 109 (42%)
PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 10



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 at mid-rapidity see C. L. Silva's posterUsing the "ba
kground �t method"v2 is additive: vS2 NS = vFG2 NFG − vBG2 NBG
⇒ vS2 = vFG2 (Mjpsi )NFG (Mjpsi)NS(Mjpsi ) − vBG2 (Mjpsi )NBG (Mjpsi)NS (Mjpsi )

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 11



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 at mid-rapidity see C. L. Silva's posterUsing the "ba
kground �t method"
⇒ vS2 = vFG2 (Mjpsi )NFG (Mjpsi)NS(Mjpsi ) − vBG2 (Mjpsi )NBG (Mjpsi)NS (Mjpsi )1 vBG2 (M): ba
kground v2 �tted outside [2.9,3.3℄ GeV/
2, J/ψmass range2 Extrapolate under the J/ψ mass range to get vBG2 (Mjpsi )

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 11



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 at mid-rapidity see C. L. Silva's posterUsing the "ba
kground �t method"
⇒ vS2 = vFG2 (Mjpsi )NFG (Mjpsi)NS(Mjpsi ) − vBG2 (Mjpsi )NBG (Mjpsi)NS (Mjpsi )1 vBG2 (M): ba
kground v2 �tted outside [2.9,3.3℄ GeV/
2, J/ψmass range2 Extrapolate under the J/ψ mass range to get vBG2 (Mjpsi )3 vFG2 (Mjpsi): v2 of the foreground in [2.9,3.3℄ GeV/
2

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 11



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 at mid-rapidity see C. L. Silva's posterUsing the "ba
kground �t method"
⇒ vS2 = vFG2 (Mjpsi )NFG (Mjpsi)NS(Mjpsi ) − vBG2 (Mjpsi )NBG (Mjpsi)NS (Mjpsi )1 vBG2 (M): ba
kground v2 �tted outside [2.9,3.3℄ GeV/
2, J/ψmass range2 Extrapolate under the J/ψ mass range to get vBG2 (Mjpsi )3 vFG2 (Mjpsi): v2 of the foreground in [2.9,3.3℄ GeV/
2

)2mass  (GeV/c
2 2.5 3 3.5 4 4.5

co
m

b
/N

fg
 N× 

ob
s

2v

-0.6

-0.4

-0.2

0

0.2

0.4

0.6
))>Ψ-φ<cos(2(

/NDF=7.29/92χ

 0.162±p0=0.036 

 0.066±p1=-0.011 

cov(p0,p1)=-0.0105

pt<1GeV/c

)2mass  (GeV/c
2 2.5 3 3.5 4 4.5

co
m

b
/N

fg
 N× 

ob
s

2v

-0.6

-0.4

-0.2

0

0.2

0.4

0.6
))>Ψ-φ<cos(2(

/NDF=9.28/92χ

 0.095±p0=0.140 

 0.036±p1=-0.030 

cov(p0,p1)=-0.0033

1<pt<2GeV/c

)2mass  (GeV/c
2 2.5 3 3.5 4 4.5

co
m

b
/N

fg
 N× 

ob
s

2v

-0.6

-0.4

-0.2

0

0.2

0.4

0.6
))>Ψ-φ<cos(2(

/NDF=12.31/92χ

 0.162±p0=-0.053 

 0.065±p1=0.057 

cov(p0,p1)=-0.0103

2<pt<3GeV/c

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 11



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 at mid-rapidity see C. L. Silva's posterUsing the "ba
kground �t method"
⇒ vS2 = vFG2 (Mjpsi )NFG (Mjpsi)NS(Mjpsi ) − vBG2 (Mjpsi )NBG (Mjpsi)NS (Mjpsi )1 vBG2 (M): ba
kground v2 �tted outside [2.9,3.3℄ GeV/
2, J/ψmass range2 Extrapolate under the J/ψ mass range to get vBG2 (Mjpsi )3 vFG2 (Mjpsi): v2 of the foreground in [2.9,3.3℄ GeV/
24 NFG (Mjpsi ) and NBG (Mjpsi ) are the 
ounts in[2.9,3.3℄ GeV/
2 respe
tively of the foreground and of theextrapolated ba
kground

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 11



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookMeasuring v2 at mid-rapidity see C. L. Silva's posterUsing the "ba
kground �t method"
⇒ vS2 = vFG2 (Mjpsi )NFG (Mjpsi)NS(Mjpsi ) − vBG2 (Mjpsi )NBG (Mjpsi)NS (Mjpsi )1 vBG2 (M): ba
kground v2 �tted outside [2.9,3.3℄ GeV/
2, J/ψmass range2 Extrapolate under the J/ψ mass range to get vBG2 (Mjpsi )3 vFG2 (Mjpsi): v2 of the foreground in [2.9,3.3℄ GeV/
24 NFG (Mjpsi ) and NBG (Mjpsi ) are the 
ounts in [2.9,3.3℄ GeV/
2respe
tively of the foreground and of the extrapolatedba
kground5 Nsignal = NFG − (N
ombinatorial + Nremaining ) with Nremainingthe remaining 
ontribution of the ba
kground �tted with anexponential

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 11



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookResultsChe
ks that showed 
onsistan
yResults of di�erent methods of extra
ting v2Varying ele
tron identi�
ation 
utsChanging J/ψ and ba
kground mass �t range

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 12



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookResultsChe
ks that showed 
onsistan
yResults of di�erent methods of extra
ting v2Varying ele
tron identi�
ation 
utsChanging J/ψ and ba
kground mass �t rangeErrorsStatisti
al errors and point to point un
orrelated systemati
error 
oming from the signal extra
tion (verti
al bars)Systemati
s 
orrelated between pT bins (boxes)
Global systemati
s to a

ount for the te
hnique used todetermine the rea
tion plane angle and resolution: 3% (written)

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 12



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookResultsChe
ks that showed 
onsistan
yResults of di�erent methods of extra
ting v2Varying ele
tron identi�
ation 
utsChanging J/ψ and ba
kground mass �t rangeErrorsStatisti
al errors and point to point un
orrelated systemati
error 
oming from the signal extra
tion (verti
al bars)Systemati
s 
orrelated between pT bins (boxes)- varying the v2 extra
tion:either �tting with A[1 + 2.v2.
os2(φ − ψ)] or dire
tly 〈
os2(φ − ψ)〉Global systemati
s to a

ount for the te
hnique used todetermine the rea
tion plane angle and resolution: 3% (written)
PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 12



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookResultsChe
ks that showed 
onsistan
yResults of di�erent methods of extra
ting v2Varying ele
tron identi�
ation 
utsChanging J/ψ and ba
kground mass �t rangeErrorsStatisti
al errors and point to point un
orrelated systemati
error 
oming from the signal extra
tion (verti
al bars)Systemati
s 
orrelated between pT bins (boxes)- varying the v2 extra
tion:either �tting with A[1 + 2.v2.
os2(φ − ψ)] or dire
tly 〈
os2(φ − ψ)〉- varying the ba
kground v2 shape:with a 
onstant, linear and quadrati
 polynomialGlobal systemati
s to a

ount for the te
hnique used todetermine the rea
tion plane angle and resolution: 3% (written)
PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 12



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookDistinguishing between models ?

 (GeV/c)
T

p
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

2v

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

PHENIX |y|<0.35 [20,60%] (Preliminary)

 3%±Global Syst. 

[0,5] GeV/c∈
T

p

0.02±0.10±= -0.102v

42% of Run-7

PH ENIXPreliminary
PHENIX |y | < 0.3542% of Run-7

⇒ Consistent with 0within errors
PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 13



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookDistinguishing between models ?

 (GeV/c)
T

p
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

2v

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Initialy produced J/psi (PRL97:232301)

PHENIX |y|<0.35 [20,60%] (Preliminary)

 3%±Global Syst. 

[0,5] GeV/c∈
T

p

0.02±0.10±= -0.102v

42% of Run-7

PH ENIXPreliminary

Yan, Zhuang, Xu[PRL97:232301℄- initially produ
ed J/ψ- slight leakagev2 slightly positive within
reasing pT but small
PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 13



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookDistinguishing between models ?

 (GeV/c)
T

p
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

2v

-0.3

-0.2

-0.1

0

0.1

0.2

0.3
Coalescence

at freeze-out (PLB595,202)

in transport model (PLB655,126)
Initialy produced J/psi (PRL97:232301)

PHENIX |y|<0.35 [20,60%] (Preliminary)

 3%±Global Syst. 

[0,5] GeV/c∈
T

p

0.02±0.10±= -0.102v

42% of Run-7

PH ENIXPreliminary

Full regenerationGre
o, Ko, Rapp[PLB595,202℄- at freeze-outRavagli,Rapp[PLB665,126℄- in transport modelv2 > 10% for pT >3GeV /

PH ENIX Catherine Silvestre PHENIX �rst measurement of the J/ψ v2 parameter in Au+Au 13



Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookDistinguishing between models ?

 (GeV/c)
T

p
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

2v

-0.3

-0.2

-0.1

0

0.1

0.2

0.3
Coalescence

at freeze-out (PLB595,202)

in transport model (PLB655,126)

in fireball (PRL97:232301)

+ initial mix (Zhao, Rapp priv. comm.)

Initialy produced J/psi (PRL97:232301)

PHENIX |y|<0.35 [20,60%] (Preliminary)

 3%±Global Syst. 

[0,5] GeV/c∈
T

p

0.02±0.10±= -0.102v

42% of Run-7

PH ENIXPreliminary

Mixing of 
oalse-
en
e models withinitial produ
tionYan, Zhuang, Xu[PRL97:232301℄- 
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Linnyk, Bratkovskaya,Cassing[arXiv:0801.4282℄- 
omoversv2 en
reasing up to 5%at 2.5 GeV/
then de
reasing torea
h -5% at 4 GeV/
but 
ompatible with 0within errors.
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urrent statisti
al pre
ision on the v2 measurement formid-rapidity results do not distinguish between modelsProof of prin
ipleOutlookStatisti
s ×2More studies on the systemati
 errors for �nal results atmid-rapidityForward rapidity measurements expe
ted soonMy personal request to theorists: predi
tions at forward rapidity ?
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Ba
kup slides
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Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookCal
ulating the rea
tion plane resolutionMeasurement methods see Ollitrault [nu
l-ex.971103℄ and Voloshin & Poskanzer [nu
l-ex/0905001℄If we wish to measure v2 with respe
t to the rea
tion plane we 
al
ulate:vmeas2 = 〈
os 2(φ − ψmeas)〉
= 〈
os 2(φ − ψtrue − δψ)〉
= 〈
os 2(φ − ψtrue) 
os 2(δψ) − sin 2(φ− ψtrue) sin 2(δψ)〉
= 〈
os 2(φ − ψtrue)〉 〈
os 2(ψmeas − ψtrue)〉
= v true2 〈
os 2(ψmeas − ψtrue)〉Resolution (Ollitrault, arXiv:nu
l-ex/9711003)

〈
os 2(ψa − ψb)〉 = 〈
os 2(ψa − ψtrue)〉 〈
os 2(ψb − ψtrue)〉where ψ is measured separately by dete
tors a and b.For any 3 dete
tors one 
an write:
σa = 〈
os 2(ψa − ψtrue)〉 =

s

〈
os 2(ψa − ψb)〉 〈
os 2(ψa − ψ
)〉
〈
os 2(ψb − ψ
)〉

⇒Measurement of σRxnP for the RxnP North and South dete
tors, both separately and
ombined, using the BBC North/South and MPC North/South as dete
tors b and 
.
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Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookBa
kground �t methodRemaining ba
kground10% of the total dire
t 
ounting in the J/ψ regionWe a

ount for this remaining 
ontribution for ea
h pT bin by integratingthe exponential shape of the remaining signal after mixed eventsubtra
tion
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Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookChe
ks at mid-rapidity: 5 methodsMethods tried to get v2 that gave 
onsitent results
φ-ψ bin by bin subtra
tion with mixed event
φ-ψ bin by bin subtra
tion with like-sign pairsside bands subtra
tioninvariant mass �tba
kground �tsee C. L. Silva's poster
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Ellipti
 Flow v2 at forward rapidity v2 at mid-rapidity Models OutlookProje
tion before Run7
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