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✦ Fluctuation in the initial conditions ➔ 
different harmonics flow

✦ Can we “see” the triangular shape? 
quadrangular?   

✦ Blast wave simulations
✦ AMPT results
✦ What is next
✦ Conclusions
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fluctuations
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Density decomposition
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Density decomposition
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Can we address the “individual” shapes by femtoscopy?
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Source from different directions
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The  system looks different from different directions
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HBT: how it works
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C(q,P) ≈ 1+
d 4∫ x1d

4x2 S(x1,P / 2)S(x2 ,P / 2)e
− iq[V(t1−t2 )−(r1−r2 )]

d 4∫ xS(x,P / 2)⎡
⎣ ⎤

⎦
2 =

1+
d 4∫ xS(x,P / 2)e− iq[Vt−r ]⎡

⎣ ⎤
⎦
2

d 4∫ xS(x,P / 2)⎡
⎣ ⎤

⎦
2 ≈ 1+ λ exp[− Rij

2qiqj
i, j
∑ ]

Gaussian source -> Gaussian correlation function

Review:

Rij
2 = Δxi −ViΔt( ) Δx j −VjΔt( )

Femtoscopy measures particle separation
at the moment the second particle is produced 

P = p1 + p2( ) / 2; q = (p1 - p2 )

(p1 + p2 )(p1 − p2 ) = 0
Eq0 − Pq = 0
q0 = Pq / E = Vq

Δxi = xi − xi
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AzFemto
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How to do a bit better, see                      
             

(and a slide in “extras” )

Rij
2 = Δxi −ViΔt( ) Δx j −VjΔt( )
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Side-out-long (Bertsch-Pratt system) 
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xside = −x sinφ + ycosφ
xout = x cosφ + ysinφ −Vtt

xout

xside

xside

xout
y

x

p

Ψ3

Rside
2 = xside

2 , Rout
2 = Δxout

2 , Rside−out
2 = xside xout

xside
2 = x2 sin2 φ + y2 cos2 φ − xy sin2φ

φ
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Stationary and expanding sources
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Stationary source:
no higher order anisotropy in Gaussian approximation
4-th harmonic - modulations appear only in〈x4〉
3-rd harmonic - modulations appear only in〈x6〉

xside
2 = x2 sin2 φ + y2 cos2 φ − xy sin2φ

xout

xside

xside

xout
y

x

p
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Stationary and expanding sources

7

Stationary source:
no higher order anisotropy in Gaussian approximation
4-th harmonic - modulations appear only in〈x4〉
3-rd harmonic - modulations appear only in〈x6〉

xside
2 = x2 sin2 φ + y2 cos2 φ − xy sin2φ

Can expansion lead to nontrivial R(ϕ) dependence?
Yes, several  effects:
- variation in the “blast wave” velocity
- variation in velocity gradients in “side” direction

xout

xside

xside

xout
y

x

p

Rout
2 = Δxout −VtΔt( )2

Rlong ∝
vtherm
dvz / dz
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Blast wave model
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ρt (r,ϕ ) = ρt , max
r

rmax (φ)
[1+ aboost cos(nφ)]

rmax (φ) = R [1− aspace cos(nφ)]

Expansion velocity is perpendicular to the surface,
instantaneous freeze-out at constant temperature   
T=100 MeV , and linear transverse rapidity profile 
with  ρt ,max = 0.9 ( vt ≈ 0.7, pt π ≈ 0.40 GeV ).
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Blast wave model. “Fixing” a’s.
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ρt (r,ϕ ) = ρt , max
r

rmax (φ)
[1+ aboost cos(nφ)]

rmax (φ) = R [1− aspace cos(nφ)]

Pion Proton

Note the “mass splitting” dependence 
on spatial eccentricity!  
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Eccentricities in MC Glauber model
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Assume that during the expansion period
eccentricities decrease about 4 times
Consider  centrality ~ 15%

ε2 = r2 cos(2φ) / r2

ε3 = r2 cos(3φ) / r2

ε3 = r3 cos(3φ) / r3

ε3 ≈ 5aspace / 2
εn ≈ 2aspace

r(φ) = r0[1+ aspace cos(nφ)]



Quark Matter 2011, Annecy, France, 23-28 May 2011page S.A. Voloshin

    An “exotic” case?
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For aboost
(3) > aboost

(2)  and aspace
(3) < aspace

(2)

v3  can become larger than v2
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Second and third harmonics 
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harm=2

Very weak side-out correlations in the third harmonic

harm=3
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studying quadrangular shape...
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Even (?) harmonics have stronger side-out
correlations?

Fourth harmonic: 
out and side radii go “in phase” !
side-out -- also in different phase to n=2 and 3

harm=2 harm=3

harm=4



Quark Matter 2011, Annecy, France, 23-28 May 2011page S.A. Voloshin

AMPT_melt_afterART
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In this study, unlike as in the “blast wave” simulation, no true symmetry 
plane was not used.  The magnitude of modulations is affected by the 
reaction plane resolutions.

Note unusual azimuthal dependence for harm=3 Rout (in phase with Rside)
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AMPT_melt_beforeART
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Compare modulation to STAR measurements
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Stronger correlation in data compared to AMPT?
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Non-identical particle correlations
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Higher harmonics femtoscopy. Summary. 

  Stationary sources: no azimuthal dependence fro 
higher harmonic shape except small variation in deviation 
from Gaussian shape.

  With radial flow, radii variations become clear in 
Gaussian radii. Observable effects are within reach of the 
experiment 

Variation are very sensitive to the final shape eccebtricity 
as well as to modulations in the expansion velocity

 Significant double order components in the BW are 
visible in some parameter space

 AMPT simulations support BW observations, but needed 
more work to interpret the results.
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EXTRA SLIDES
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From distributions to HBT radii

21


