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Introduction

Illusory Flow by Unruh type radiation in dN/dη
∗

(1401.1987 –> EPJ A 2014)

Accelerating, radiating point charge
Hydrodynamic-like photon rapidity distribution

Present talk: Jacobi-Anger Formula delivers Elliptic Flow
Two point-charge radiation
vn coefficients
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Interference Term in 1-Photon Yield

Jacobi-Anger Formula

eix cos Θ = J0(x) + 2
∞∑

n=1

inJn(x) cos(nΘ). (1)

The yield is proportional to

Y ∝
∣∣∣A1eik⊥ d

2 cos(α−ψ) + A2e−ik⊥ d
2 cos(α−ψ)

∣∣∣2 (2)

Detector angle α, distance angle ψ, distance d result in
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Higher Flow coefficients Θ = α− ψ

Flow coefficients are defined by relative amplitudes of cos(nΘ)
terms to the zeroth order term.

vn =
2Rn Jn(k⊥d)

|A1|2 + |A2|2 + R0 J0(k⊥d)
(3)

with

Rn := 2 Re (inA1A∗2) = 2 |A1| |A2| cos
(

∆ϕ+ n
π

2

)
.

In relative ratios of this Young interference k⊥ powers cancel in
the ratio of A-squares!!!
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Higher Flow coefficients

The complex amplitudes may differ in a further phase ∆ϕ due
to longitudinal and time positions at the start and at the end of
deceleration.

We define the interference ratio :

rn :=
2 |A1| |A2|
|A1|2 + |A2|2

cos
(

∆ϕ+
nπ
2

)
. (4)

We get

vn =
2rn Jn(k⊥d)

1 + r0 J0(k⊥d)
(5)
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Behaviour of v2

For n = 2 the (in)famous v2 is

v2 =
−2 ε J2(k⊥d) cos(∆ϕ)

1 + ε J0(k⊥d) cos(∆ϕ)
(6)

with
ε =

2 |A1| |A2|
|A1|2 + |A2|2

≤ 1. (7)

For small k⊥d the J-Bessel behave like power, so v2 would go
like k2

⊥.
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Longitudinal Phase averaged v2 formula

Considering a longitudinal phase difference ∆ϕ

vn =
2εJn cos

(
∆ϕ+ nπ

2

)
1 + εJ0 cos(∆ϕ)

. (8)

Integrating over ∆ϕ uniformly we obtain

〈 vn 〉 = 2 cos(n
π

2
)

Jn

J0

1− 1√
1− ε2J2

0

 (9)
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The v2 vs amplitudes formulas

v2 coefficient expressed by the amplitude ratio:

v2 = F2
2J2(x)

J0(x)

 1√
1− ε2J2

0 (x)
− 1

 (10)

with x = k⊥d ,

ε =
2 |A1| |A2|
|A1|2 + |A2|2

(11)

and F2 depending on centrality, but not on k⊥.
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v2 dependence on amplitude ratio |A1|/|A2| picture

 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 0.16

 0.18

 0  0.5  1  1.5  2  2.5

<
v

2
>

kT d

double antenna v2 longit av-ed

1.00
0.82
0.72
0.63

It starts linear only for equal amplitudes, otherwise quadratic. For all
curves F2 = 1 [by T.S. Biro].
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Numerical v2 results
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Numerical data for v2 with |A1|/|A2| = 0.37
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Fit parameters

In the simplest (two-antenna arrays) scenario we fit:

ε = 2γ
1+γ2 , γ = |A1|/|A2| magnitude ratio parameter

B = d antenna distance parameter

A = F2 geometric form factor

We assume that F2 depends on centrality, but not on the
momentum k⊥.
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Photon v2
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Inclusive photon v2

v2 fit to ALICE, A=1.6957, B=0.4294, γ=1
v2 fit to PHENIX, A=1.7484, B=0.4267, γ=1

ALICE 0-40% in centr. (J. Phys. Conf. 446 012028 (2013))
PHENIX 0-92% in centr. (PRL 96, 032302 (2006))

v2 fits to photon data [by M. Horvath], data from PRL 96:032302, J.
Phys. Conf. 446,01208
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Pion v2
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Charged pion v2

v2 fit to STAR data, A=0.9239 ± 0.0087, d=0.3735 ± 0.0081, γ=1.0892 ± 0.0114
v2 fit to PHENIX data, A=0.9329 ± 0.013, d=0.4251 ± 0.0176, γ=1.0993 ± 0.0199

STAR Au-Au, ch. pion dE/dx (0-80% minbias.) at √s=62.4GeV
PHENIX Au-Au, ch. pion at √s=200GeV

v2 fits to charged pion data [by M. Horvath], data from PRC
75:054906, PRL 91:1802301
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Charged hadrons v2
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v2 fits for charged hadron data [by M. Horvath], data from
arxiv:10003.5586v2
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Fit conclusions

Even a simple model comes close to data
No need for hydrodynamics or initial state fluctuations
Fits to amplitude ratio and characteristic distance are
stable

The shape of v2 vs k⊥ is explained well!
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Radiation of one accelerating charge delivers Bjorken and
Gaussian-like dN

dη

Radiation from two point charge:
vn parameters can be calculated through Jacobi-Anger
formula
Avaraged v2 coefficient fits experimental data
We need centrality-dependent form-factors
Numerical data goes with analitical results
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