
  

Event plane and flow in heavy ion 
collisions

● Where it all began: BEVALAC

● 2nd generation: KaoS

● 3rd generation: NA49

● RHIC?



  

Streamer Chamber at the BEVALAC



  

Streamer Chamber at the BEVALAC



  

Plastic Ball at the BEVALAC



  

Plastic Ball at the BEVALAC

● The  „sphericity tensor“:

Its main axis has polar

and azimuthal angles.
● The finding 

for its polar angle:
● Azimuth = 0 defines

the event plane.



  

Plastic Ball at the BEVALAC

● The  „sphericity tensor“:



  

Streamer Chamber at the BEVALAC



  

Streamer Chamber at the BEVALAC



  

Event plane from the transverse 
momentum method



  

Event plane from the transverse 
momentum method



  

The Kaonspectrometer (KaoS)
(differences to HADES)



  

The Kaonspectrometer (KaoS)

Au+Au  1 GeV/u   FRESCO



  

The Kaonspectrometer (KaoS)
first observation of pion sqeeze (Brill thesis)

Phys. Rev. Lett. 71 (1993) 336

Au + Au  1 GeV/u



  

The Kaonspectrometer (KaoS)
Event plane resolution in Bi+Bi (Brill thesis)

Z. Phys. A 355 (1996) 61 



  

The Kaonspectrometer (KaoS)
Event plane resolution in Bi+Bi (Brill thesis)



  

The Kaonspectrometer (KaoS)
 Bi+Bi (Brill thesis), results on p, d, t

Z. Phys. A 355 (1996) 61 



  

The Kaonspectrometer (KaoS)
 Bi+Bi (Brill thesis), results on pions

Z. Phys. A 357 (1997) 207 



  

The Kaonspectrometer (KaoS)
 Au+Au (Shin thesis), results on K+

Phys. Rev. Lett. 81 (1998) 1576 



  

The Kaonspectrometer (KaoS)
Pion camera (thesis Wagner)



  

The Kaonspectrometer (KaoS)
Pion camera (thesis Wagner)



  

NA49 (Pb+Pb at 158 GeV/u)

●No position sensitive detector for projectile fragments
●Magnetic field breaks azimuthal symmetry



  

NA49 (thesis Wetzler)

● Selection of appropriate regions of phase space 
for the determination of the event planes of v

1
 

and v
2.

0 < Y
lab

 < 6 



  

NA49 (“acceptance“ p and π)



  

NA49 (identification)



  

NA49 (azimuthal losses)

inclusive

after (recentering) 
correction



  

Reminder (definitions)

● Reaction plane 

(given by impact paramete, p
beam

 x b )

● Event plane (measured for individual events)
● Directed flow:  v

– Event plane ~ reaction plane

● Elliptic flow: v
2

– in-plane
– out-of-plane (squeeze)

● Radial flow (isotropic)



  

Hadronic Probe of Early  Time

QuickTimeﾪ and a
 decompressor

are needed to see this picture.

QuickTimeﾪ and a
 decompressor

are needed to see this picture.A

H. Wieman (2005)

spectators

participants

azimuthal angle around the beam axis

density gradient -> pressure density gradient -> pressure 
for anisotropic expansionfor anisotropic expansion

Transverse Plane y

x

φ



  

Peripheral Collision

x

y

z

(near) Central Collision

X

Y

X

Y

Centrality Dependence

Masashi Kaneta

Centrality measured by the multiplicity of charged particles

x

y

z



  

Expansion In Plane

Hiroshi Masui (2008)

spatial
anisotropy

momentum
anisotropy

ε2

v2



  

Flow Vector

px

py

S. Voloshin and Y. Zhang, Z. Phys. C 70, 665 (1996)

for odd harmonics wi(-y) = -wi(y) 

For each harmonic n:
Sum of vectors of all the particles

Q is a 2D vector

azimuthal anisotropy:



  

Fourier Harmonics

S. Voloshin and Y. Zhang, hep-ph/940782; Z. Phys. C 70, 665 (1996)
See also, J.-Y. Ollitrault, arXiv nucl-ex/9711003 (1997)
and J.-Y. Ollitrault, Nucl. Phys. A590, 561c (1995)

• angle of Q-vector, ψn, is experimental event plane angle
• ψRP is real reaction plane angle
• event plane resolution tells how well the event plane angle

approximates the reaction plane angle:

directed flow elliptic flow reaction plane



  

 Define 2 independent groups of particles
 Flatten event plane azimuthal distributions in lab

 to remove acceptance correlations
 Correlate subevent planes:

        
 Subevent plane resolution is the square root of this correlation
 Event plane resolution (res) is √2 times subevent plane resolution 
 Correlate particles with the event plane to get vn

obs

 Correct for the event plane resolution

 Average differential vn(η,pt) over η, pt, or both (with yield weighting)

Standard Event Plane Method

A.M. Poskanzer and S.A. Voloshin, PRC 58, 1671 (1998)

px

py



  

Non-Flow Effects

Multi-particle methods
remove non-flow.

Non-flow effects are correlations not associated with the reaction plane.
(They include resonance decays, 2-particle small angle correlations, and jets of particles.)

STAR, B.I. Abelev et al., arXiv:0801.3466; PRC, submitted (2008)

Non-flow effects are caused
by few-particle correlations

Momentum conservation!



  

Directed and Elliptic Flow at the 
SPS (NA49)



  

Directed and Elliptic Flow at the 
SPS (NA49)

NA49, C. Alt et al., PRC 68, 034903 (2003)

pions protons

pt

y y

pt

y = relativistic velocity along beam direction
pt = transverse momentum



  

Directed and Elliptic Flow at the 
SPS (NA49)

NA49, C. Alt et al., PRC 68, 034903 (2003) cumulants



  

Directed and Elliptic Flow at the 
SPS (NA49)

NA49, C. Alt et al., PRC 68, 034903 (2003) cumulants



  

Discovery of Elliptic Flow at RHIC 

22 k events

STAR, K.H. Ackermann et al., PRL 86, 402 (2001)

First paper from STAR

Significant that data approach hydro
for central collisions
Was not true at lower beam energies

hydro predictions

peripheral         central



  

A. Wetzler (2005)

Elliptic Flow vs. Beam Energy
25% most central
mid-rapidity

all v2{EP}

six decades

In-plane
elliptic flow

squeeze-out

bounce-off

powerful, widely-used tool,
to study EOS of
nuclear matter
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