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Measurement of collective flow  
via Two-particle correlation method in √sNN = 200GeV 
3He+Au collisions at RHIC-PHENIX  



Anisotropic Flow 
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第 1章 序論 9

図 1.11 衝突初期の幾何学的異方性（左）と終状態における運動量空間の異方性（右）

1.7.1 指向的方位角異方性
n=1 のときの v1 を指向的方位角異方性という。これは反応傍観部の進む方向に引きずられた発生粒
子の集団運動の強度を表す。図 1.12 は反応平面に対して垂直な方向から重イオン同士の衝突を見た図
であり、ビーム軸は図の縦方向に平行である。赤い矢印が v1 の方向と強度を示している。青い矢印は
anti-flowと呼ばれているものであり、flowとは逆の傾きを持つ。詳しくは次で述べる。これより、v1 は
反応傍観部の進む方向に引きずられた粒子の強度であることが分かる。

図 1.12 directed flow

1.7.2 指向的方位角異方性の理論予想
図 1.14は v1 と同じような物理量の η 依存性の理論計算の結果である。白抜きのプロットが QGPの
生成を仮定した場合で、黒のプロットが QGP の生成を仮定しない場合の結果である。これを見ると、
まずどちらのモデルにおいても、η = 0(mid-rapidity) 付近で v1 の符号が反転していることが分かる。

In heavy ion collision,

Distribution of emitted particles is anisotropic in azimuthal direction. 

Probe sensitive to the properties of the system  
Understanding QGP properties using hydrodynamics

Distribution of emitted particles can be written as Fourier formula. 

Ψn  : Azimuthal angle of Event Plane 
φ   : Azimuthal angle of emitted particles  
vn  : Flow harmonics ( measured parameters)　

vn = hcos[n(�� n)]i

Second order flow harmonics is known as elliptic flow(v2)

Anisotropic Flow 



Flow in small collision systems

3

PbPb pPb

Heavy ion collision small system 

Measured v2  is expected to include contributions of high momentum particles  
and elastic scattering. ⇒　non-flow effect 

Motivation 
(1) Measure v2 by conventional method(two particle correlation method)  
(2) Remove non-flow effect and measure v2  (Future plan) 
(3) Comparison between (1) and (2)  (Future plan)

How much do non-flow effects contribute to v2 in small systems?

The collective flow has 
not initially been expected in small 
collision systems. 

However  

physletb.2013.06.028

Elliptic flow and long-range  
angular correlation structure 
 have been observed in small systems  
at RHIC and LHC.



PHENIX(the Pioneering High Energy Nuclear Interaction eXperiment)
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CNT

north side 
η = positive 

3He-going

south side 
η = negative 

Au-going

BBC
FVTX

• Central Arm Detectors(CNT)　|η|<0.35 
Particle identification, 3D tracking , momentum measurement  
• Forward Silicon Vertex Tracker(FVTX)   1.5 < |η| <2.5 

Silicon strip detecter, it can tracking by detected points. 
• Beam Beam Counter(BBC)　3.0< |η| < 3.9 

BBC has 64 elements(PMT and quartz Cherenkov radiator) for each side. 
Measured signals are used as Centrality , collision point and Event trigger. 
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Two-particle correlation method and Event mixing
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Event mixing  
 ⇒ Event mixing is done to reduce acceptance and efficiency . 

mix event:B

real event:S

Correlation function is measured as the azimuthal pair distribution.
φTrig. and φAsso. are azimuthal angle of trigger and associate particle.

efficiency

signal + efficiency
(2 particle from same event)

(2 particle from other event)

correlation function



• Fit correlation function with 4th Fourier formula and obtain Cn 

vn extraction (Fourier fitting and 3-sub method ) 
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• vn parameters are extracted by 3-sub method with 3 type correlations.

• Obtained Cn can be written as below, 
vna and vnb are vn for each detectors.

3-sub combination   
CNT-south-north

①②③④ ④③②①

In this analysis, 
used 3-sub combinations  
have symmetric eta-gap. 

CNT-BBCs-BBCn 
CNT-FVTXs(1-4)-FVTXn(1-4) 

a,b,c = detectors
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Correlation functions in CNT-BBCs-BBCn
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CNT pT 1.0- 2.0 GeV/C

0-5% 5-10% 10-20% 20-40% 40-60% 60%-

CNT - BBCn

CNT - BBCs

BBCs - BBCn

Δφ[-0.5π,1.5π]

Au-going

3He-going

● data  
- Fourier 

almost no difference at peripheral 
clearly difference at Central  

2.65<Δη<4.25

-4.25<Δη<-2.65

6.0<Δη<7.8

Central Peripheral

it is similar to south side 

Work in Progress
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pT Dependence of v2 at |η|<0.35 (Centrality:0-5%)
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via Event Plane method

3He+Au 200GeV
Work in Progress

• v2 from this work  is consistent with previous publication. 
(blue symbols , measured by Event plane method) 

• Is the Usual Fourier v2 extraction strongly biased by different eta-gap (and pT)? 
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Reference fitting method
Reference fitting is done to reduce effect of non-flow  
　　　　　　　　  and to elucidate centrality dependence of v2Ref. 
Distribution of non-flow effect should have constant parameters(ε2, v2…). 
Peripheral correlations are used as reference function.  

F(Δφ) defined by peripheral event is subtracted from  
central correlation function. (peripheral v2 is subtracted.)

Fit subtracted correlation function with Fourier formula   
and extract v2ref. by 3-sub method.
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A difference of c2(Δφ) shape from reference function   
can be taken as evolution of v2, ref .

soft + non-flow
non-flow

Work in Progress



Comparison with reference function and C2,sub(Δφ）
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ー Reference function 　BBCs- BBCn correlation
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v2Ref will be extracted with using subtracted correlations

C2cent  and  C2ref

after subtraction 

Subtraction

Work in Progress

Work in Progress



Summary and Outlook

• v2  via two-particle correlation method is consistent with 
previous publication. 

• Is the Usual Fourier v2 extraction strongly biased by 
different eta-gap (and pT)? 

• After Reference Fitting, 
• Subtracted correlation functions show double peak. 

Outlook 
• Extract v2 from subtracted correlation by Reference fitting 
• Compare v2 extracted by Reference fitting with previous results
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Back up



Analysis flow 

C(∆φ,∆η) =
∫
Nmix∆φ∆η∫
Nreal∆φ∆η

Nreal(∆φ,∆η)
Nmix(∆φ,∆η)
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3-sub combinations 
CNT - south - north(symmetric eta gap)

• 2 particle correlation  

• event mixing 

• Fit by Fourier function. 
• Obtain Fourier coefficients Cn 

• Calculate vn by 3-sub method 



Data Set
RHIC-PHENIX Run14 3He+Au collisions √SNN =  200GeV  


Event Cut :BBCZ ≠ 0.0 , |BBCz| < 10 [cm]  ,|BBCz -  FVTXz| < 2.0cm 

Centrality : BBCsouth multiplicity (MB+High-Mul.Trig) 

Detectors  
	 CNT(|η|<0.35)  BBC(3.0<|η|<3.9) 


FVTX(1.5<|η|<2.5):FVTX tracks are divided to 8 region by eta (0.25 step)     
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Event Mixing Class 
10 classes about BBCz

6 classes about centrality

(0-5,5-10,10-20,20-40,40-60,60-%)

①②③④ ④③②①



Track cut  
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• CNT Track  
0.2 < mom<5.0  , |pc3dphi|<3σ , |pc3dz|<3σ 
(tracking quality = 31 or 63)  ,|zed|<70  
• BBC PMT  

cut  hit time >0, charge >0 
• FVTX track 
χ2 < 5.0, nhits ≧ 3   
√(σDCA_x2+σDCA_y2) < 2.0 ; 

Eta acceptance cut  
 -0.025*BBCZ - 2.45 < η < -0.025*BBCZ - 1.5  
-0.025*BBCZ + 2.45 >η > -0.025*BBCZ + 1.5 

VertexFV
TX

 tr
ac

k 
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a

VertexFV
TX

 tr
ac

k 
et

a
Cut
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pT Dependence of v2Fourier  (Cent:0-5%)

PRL.
115.142301

Average with the weight of the error


