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Classical idea (before ca.2010) in collisions of  “large’’ systems:


Initially asymmetric collision zone (in the transverse plane)


⇒ larger pressure gradient along the impact parameter direction
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⇒ larger fluid acceleration along the impact parameter direction

Preamble: Anisotropic collective flow
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Classical idea (before ca.2010) in collisions of  “large’’ systems:


Initially asymmetric collision zone (in the transverse plane)


⇒ anisotropic emission of particles
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Preamble: Anisotropic collective flow



Newer paradigm (since 2010) in collisions of  “large’’ systems:


Initially asymmetric collision zone (in the transverse plane)


⇒ anisotropic emission of particles
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Preamble: Anisotropic collective flow
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Preamble: Anisotropic collective flow
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The asymmetric initial-state (transverse) geometry, characterized by 
“eccentricities’’    :*


is converted by the system evolution into final-state anisotropies in 
(transverse) momentum space, characterized by Fourier coefficients    .vn

* and by other similar quantities

vn = fn
�
{✏m}

�
<latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit><latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit><latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit><latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit>

vn ✏m
<latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit><latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit><latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit><latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit>



 N.Borghini Foundational aspects of relativistic hydrodynamics, ECT*, May 7-11, 2018  6/28

Anisotropic flow in fluid dynamics
vn = fn
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* i.e. relying on local thermodynamic equilibrium

The “response functions’’    still depend on the system size, but also 
on more intrinsic properties of the expanding fireball. 


in a (classical*) fluid-dynamical description of the fireball as a 
continuous medium, dependence on the equation of state and on 
the transport coefficients (  ,   …).
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Anisotropic flow in fluid dynamics
vn = fn
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* discarding     and considering only the leading contributions

Summary of findings within numerical fluid dynamical studies:*


 elliptic flow:


 triangular flow:


 quadrangular flow:


 pentagonal flow:


 hexagonal flow:
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Anisotropic flow in fluid dynamics
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Summary of findings within numerical fluid dynamical studies:*


 elliptic flow:


 triangular flow:


 quadrangular flow:


 pentagonal flow:


 hexagonal flow:
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v5 ' Khydro
5,23 ✏2✏3 +Khydro

5,5 ✏5
<latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit>

v6 ' Khydro
6,222 ✏

3
2 +Khydro

6,33 ✏23 +Khydro
6,42 ✏2✏4 +Khydro

6,6 ✏6
<latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit>

✏2
<latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit>

✏2
<latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

✏3
<latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit>

✏3
<latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit>

v2
<latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit>

v3
<latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit>

v4
<latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit>

v5
<latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit>

v6
<latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit>

* discarding         and considering only the leading contributions in    and    .   ✏2
<latexit sha1_base64="txAk7qHubt5Df2Dhg5SyPgUx6cs="></latexit><latexit sha1_base64="txAk7qHubt5Df2Dhg5SyPgUx6cs="></latexit><latexit sha1_base64="txAk7qHubt5Df2Dhg5SyPgUx6cs="></latexit><latexit sha1_base64="txAk7qHubt5Df2Dhg5SyPgUx6cs="></latexit>

✏3
<latexit sha1_base64="go4kS/LAzXnpScdXffPc/DYaD6A="></latexit><latexit sha1_base64="go4kS/LAzXnpScdXffPc/DYaD6A="></latexit><latexit sha1_base64="go4kS/LAzXnpScdXffPc/DYaD6A="></latexit><latexit sha1_base64="go4kS/LAzXnpScdXffPc/DYaD6A="></latexit>

✏1,4,5,6
<latexit sha1_base64="wIBuNxAbeJYC+1xr8t1QH3Zep+g="></latexit><latexit sha1_base64="wIBuNxAbeJYC+1xr8t1QH3Zep+g="></latexit><latexit sha1_base64="wIBuNxAbeJYC+1xr8t1QH3Zep+g="></latexit><latexit sha1_base64="wIBuNxAbeJYC+1xr8t1QH3Zep+g="></latexit>



 N.Borghini Foundational aspects of relativistic hydrodynamics, ECT*, May 7-11, 2018  7/28

Anisotropic flow in fluid dynamics
vn = fn

�
{✏m}

�
<latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit><latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit><latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit><latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit>

vn ✏m
<latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit><latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit><latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit><latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit>

Summary of findings within numerical fluid dynamical studies:*


 elliptic flow:


 triangular flow:


 quadrangular flow:


 pentagonal flow:


 hexagonal flow:

v2 ' Khydro
2,2 ✏2

<latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit><latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit><latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit><latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit>

v3 ' Khydro
3,3 ✏3

<latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit><latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit><latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit><latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit>

v4 ' Khydro
4,22 ✏22 +Khydro

4,4 ✏4
<latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit><latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit><latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit><latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit>

v5 ' Khydro
5,23 ✏2✏3 +Khydro

5,5 ✏5
<latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit>

v6 ' Khydro
6,222 ✏

3
2 +Khydro

6,33 ✏23 +Khydro
6,42 ✏2✏4 +Khydro

6,6 ✏6
<latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit>

✏2
<latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit>

✏2
<latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

✏3
<latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit>

✏3
<latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit>

v2
<latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit>

v3
<latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit>

v4
<latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit>

v5
<latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit>

v6
<latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit>

* discarding         and considering only the leading contributions in    and    .   ✏2
<latexit sha1_base64="txAk7qHubt5Df2Dhg5SyPgUx6cs="></latexit><latexit sha1_base64="txAk7qHubt5Df2Dhg5SyPgUx6cs="></latexit><latexit sha1_base64="txAk7qHubt5Df2Dhg5SyPgUx6cs="></latexit><latexit sha1_base64="txAk7qHubt5Df2Dhg5SyPgUx6cs="></latexit>

✏3
<latexit sha1_base64="go4kS/LAzXnpScdXffPc/DYaD6A="></latexit><latexit sha1_base64="go4kS/LAzXnpScdXffPc/DYaD6A="></latexit><latexit sha1_base64="go4kS/LAzXnpScdXffPc/DYaD6A="></latexit><latexit sha1_base64="go4kS/LAzXnpScdXffPc/DYaD6A="></latexit>

✏1,4,5,6
<latexit sha1_base64="wIBuNxAbeJYC+1xr8t1QH3Zep+g="></latexit><latexit sha1_base64="wIBuNxAbeJYC+1xr8t1QH3Zep+g="></latexit><latexit sha1_base64="wIBuNxAbeJYC+1xr8t1QH3Zep+g="></latexit><latexit sha1_base64="wIBuNxAbeJYC+1xr8t1QH3Zep+g="></latexit>

nonlinear flow!
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Anisotropic flow in fluid dynamics
vn = fn

�
{✏m}

�
<latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit><latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit><latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit><latexit sha1_base64="d9+1pUYR5FjlUS5sSZl1Ogtj5x4="></latexit>

vn ✏m
<latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit><latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit><latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit><latexit sha1_base64="YbstGMRn9CnFJWNXaJNXHuRTrzE="></latexit>

In a fluid dynamical description of the heavy-ion fireball evolution, one 
finds both linear and nonlinear responses to the initial eccentricities.


Intuition / prejudice: the nonlinear response terms should emerge more 
slowly(?), and thus possibly probe a different stage of the evolution. 


(N.B. & J.-Y.Ollitrault 2005: nonlinearity as a freeze-out effect?)


How does it look like in other approaches to the fireball dynamics?


⇒ in a kinetic description à la Boltzmann?


Further motivation for such models: data from “small systems’’
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An apology…

Onset of final-state-collectivity signals

in nuclear collisions

Anisotropic flow far from equilibrium

actually means

N.B., Steffen Feld & Nina Kersting, arXiv:1804.05729

N.Kersting & N.B., work (= more explicit calculations) in progress



Onset of final-state-collectivity signals

in nuclear collisions
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 Introduction and motivation


 Model


 One approach, many possible setups


 A few generic results


 Scaling behaviors
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Anisotropic flow: the particle picture

In non-central nucleus-nucleus collisions, the initial spatial asymmetry 
of the overlap region in the transverse plane is converted by particle 
rescatterings into an anisotropic transverse-momentum distribution of 
the outgoing particles: anisotropic flow.

x

y

px

py pT
<latexit sha1_base64="C9fE6i99x3uADOruE4VRBCrc3V8="></latexit><latexit sha1_base64="C9fE6i99x3uADOruE4VRBCrc3V8="></latexit><latexit sha1_base64="C9fE6i99x3uADOruE4VRBCrc3V8="></latexit><latexit sha1_base64="C9fE6i99x3uADOruE4VRBCrc3V8="></latexit>

'
<latexit sha1_base64="bsHNEcGc/LeoeMln/L5h2Q8Z+aQ="></latexit><latexit sha1_base64="bsHNEcGc/LeoeMln/L5h2Q8Z+aQ="></latexit><latexit sha1_base64="bsHNEcGc/LeoeMln/L5h2Q8Z+aQ="></latexit><latexit sha1_base64="bsHNEcGc/LeoeMln/L5h2Q8Z+aQ="></latexit>

locally isotropic emission
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Ingredients for a classical* particle-based description:


 single-particle phase space distribution: 


 total particle number


 momentum distribution


     ⇒ anisotropic flow coefficients      


        final-state observables: let


Focus on transverse anisotropic flow: consider 2-dimensional system

f(t,x,p)
<latexit sha1_base64="yRf4Ygi71hapaptdm7TJlRr+iiY="></latexit><latexit sha1_base64="yRf4Ygi71hapaptdm7TJlRr+iiY="></latexit><latexit sha1_base64="yRf4Ygi71hapaptdm7TJlRr+iiY="></latexit><latexit sha1_base64="yRf4Ygi71hapaptdm7TJlRr+iiY="></latexit>

Z

x
f(t,x,p) = E

dN

d3p
(t,p)

<latexit sha1_base64="wKPgsRXVhVixIcmqMxq1PL0SaN8="></latexit><latexit sha1_base64="wKPgsRXVhVixIcmqMxq1PL0SaN8="></latexit><latexit sha1_base64="wKPgsRXVhVixIcmqMxq1PL0SaN8="></latexit><latexit sha1_base64="wKPgsRXVhVixIcmqMxq1PL0SaN8="></latexit>

Z

x,p
f(t,x,p) = N(t)

<latexit sha1_base64="rqIXFMWaln/F6N5ULO4I4Pni//E="></latexit><latexit sha1_base64="rqIXFMWaln/F6N5ULO4I4Pni//E="></latexit><latexit sha1_base64="rqIXFMWaln/F6N5ULO4I4Pni//E="></latexit><latexit sha1_base64="rqIXFMWaln/F6N5ULO4I4Pni//E="></latexit>

vn(t)
<latexit sha1_base64="OD7qGqZkOwJHMr/Fc74ZcyCwzT0="></latexit><latexit sha1_base64="OD7qGqZkOwJHMr/Fc74ZcyCwzT0="></latexit><latexit sha1_base64="OD7qGqZkOwJHMr/Fc74ZcyCwzT0="></latexit><latexit sha1_base64="OD7qGqZkOwJHMr/Fc74ZcyCwzT0="></latexit>

t ! 1
<latexit sha1_base64="19T3MU9P+Tv+QBDtW7R0y/5dBHw="></latexit><latexit sha1_base64="19T3MU9P+Tv+QBDtW7R0y/5dBHw="></latexit><latexit sha1_base64="19T3MU9P+Tv+QBDtW7R0y/5dBHw="></latexit><latexit sha1_base64="19T3MU9P+Tv+QBDtW7R0y/5dBHw="></latexit>

Kinetic theoretical approach

* Quantum mechanical statistics (Pauli blocking, Bose–Einstein enhancement) allowed.   
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Ingredients for a classical* particle-based description:


 single-particle phase space distribution: 


 total particle number


 momentum distribution


     ⇒ anisotropic flow coefficients      


        final-state observables: let


Focus on transverse anisotropic flow: consider 2-dimensional system
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Kinetic theoretical approach

* Quantum mechanical statistics (Pauli blocking, Bose–Einstein enhancement) allowed.   
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Kinetic theoretical approach

* Quantum mechanical statistics (Pauli blocking, Bose–Einstein enhancement) allowed.   

Ingredients for a classical* particle-based description:


 single-particle phase space distribution:


 initial state: at some time t0


 eccentricities: “ellipticity’’    , “triangularity’’    …


 typical (transverse) size R


     ⇒ typical particle number density                   (remember: 2D)
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Kinetic theoretical approach

* Quantum mechanical statistics (Pauli blocking, Bose–Einstein enhancement) allowed.   

Ingredients for a classical* particle-based description:


 single-particle phase space distribution:


 initial state: at some time t0


 eccentricities: “ellipticity’’    , “triangularity’’    …


 typical size R ⇒ a possible setup (easy to work with analytically):
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Kinetic theoretical approach

* Quantum mechanical statistics (Pauli blocking, Bose–Einstein enhancement) allowed.   

Ingredients for a classical* particle-based description:


 single-particle phase space distribution:


 initial state: at some time t0


 eccentricities: “ellipticity’’    , “triangularity’’    …


 typical size R ⇒ a possible setup (easy to work with analytically):
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require a cutoff

f(t,x,p)
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Kinetic theoretical approach

* Quantum mechanical statistics (Pauli blocking, Bose–Einstein enhancement) allowed.   

Ingredients for a classical* particle-based description:


 single-particle phase space distribution:


 initial state: at some time t0


 eccentricities: “ellipticity’’    , “triangularity’’    …


 typical size R ⇒ a possible setup (easy to work with analytically):
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assumed to be isotropic: focus on generated anisotropies
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Kinetic theoretical approach

* Quantum mechanical statistics (Pauli blocking, Bose–Einstein enhancement) allowed.   

Ingredients for a classical* particle-based description:


 single-particle phase space distribution:


 initial state: at some time t0


 eccentricities: “ellipticity’’    , “triangularity’’    …


 typical size R ⇒ a possible setup (easy to work with analytically):
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+ independent of position
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Kinetic theoretical approach

Ingredients for a classical* particle-based description:


 single-particle phase space distribution:


 initial state: at some time t0


 evolution equation, of the kinetic type


 


⇒ various possible choices for the collision term (“setups’’)

 2-to-2 elastic (Boltzmann), 2 ⟷ 3 scatterings


 include / ignore Pauli blocking / Bose-Einstein enhancement


 rescattering cross section 𝜎.

pµ@
µf(t,x,p) = �Ccoll.[f ]
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<latexit sha1_base64="yRf4Ygi71hapaptdm7TJlRr+iiY="></latexit><latexit sha1_base64="yRf4Ygi71hapaptdm7TJlRr+iiY="></latexit><latexit sha1_base64="yRf4Ygi71hapaptdm7TJlRr+iiY="></latexit><latexit sha1_base64="yRf4Ygi71hapaptdm7TJlRr+iiY="></latexit>
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 Introduction and motivation
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 One approach, many possible setups


 A few generic results


 Scaling behaviors
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Warm up: free streaming

Assume first that there are no rescatterings,               . 


⇒ the evolution equation becomes                       ,


with free-streaming solutions                                            .

Ccoll.[f ] = 0
<latexit sha1_base64="zXA8SZKdEhPriw5ykF3vhc4cEU4="></latexit><latexit sha1_base64="zXA8SZKdEhPriw5ykF3vhc4cEU4="></latexit><latexit sha1_base64="zXA8SZKdEhPriw5ykF3vhc4cEU4="></latexit><latexit sha1_base64="zXA8SZKdEhPriw5ykF3vhc4cEU4="></latexit>

pµ@
µf(t,x,p) = 0

<latexit sha1_base64="ahr68oIsWOX5wadt+IzrlBUMxXo="></latexit><latexit sha1_base64="ahr68oIsWOX5wadt+IzrlBUMxXo="></latexit><latexit sha1_base64="ahr68oIsWOX5wadt+IzrlBUMxXo="></latexit><latexit sha1_base64="ahr68oIsWOX5wadt+IzrlBUMxXo="></latexit>

f (0)(t,x,p) = f (0)(t0,x�v(t�t0),p)
<latexit sha1_base64="95Zgc3xB05+hJoGifqLpUoOlYfg="></latexit><latexit sha1_base64="95Zgc3xB05+hJoGifqLpUoOlYfg="></latexit><latexit sha1_base64="95Zgc3xB05+hJoGifqLpUoOlYfg="></latexit><latexit sha1_base64="95Zgc3xB05+hJoGifqLpUoOlYfg="></latexit>

d

dt


dN

d2p
(t,p)

�
= 0

<latexit sha1_base64="lJzBfPD+JhulOvM1+q0IM1BbdXE="></latexit><latexit sha1_base64="lJzBfPD+JhulOvM1+q0IM1BbdXE="></latexit><latexit sha1_base64="lJzBfPD+JhulOvM1+q0IM1BbdXE="></latexit><latexit sha1_base64="lJzBfPD+JhulOvM1+q0IM1BbdXE="></latexit>

integration over space

Multiply by           , average over   , let          …cos(n')
<latexit sha1_base64="hdq5lCoC16O45FBwF8RWMcFZG+E="></latexit><latexit sha1_base64="hdq5lCoC16O45FBwF8RWMcFZG+E="></latexit><latexit sha1_base64="hdq5lCoC16O45FBwF8RWMcFZG+E="></latexit><latexit sha1_base64="hdq5lCoC16O45FBwF8RWMcFZG+E="></latexit>

'
<latexit sha1_base64="rPWHo2dClp3niY965wmcS8tT2tw="></latexit><latexit sha1_base64="rPWHo2dClp3niY965wmcS8tT2tw="></latexit><latexit sha1_base64="rPWHo2dClp3niY965wmcS8tT2tw="></latexit><latexit sha1_base64="rPWHo2dClp3niY965wmcS8tT2tw="></latexit>

t ! 1
<latexit sha1_base64="19T3MU9P+Tv+QBDtW7R0y/5dBHw="></latexit><latexit sha1_base64="19T3MU9P+Tv+QBDtW7R0y/5dBHw="></latexit><latexit sha1_base64="19T3MU9P+Tv+QBDtW7R0y/5dBHw="></latexit><latexit sha1_base64="19T3MU9P+Tv+QBDtW7R0y/5dBHw="></latexit>

vn = vn(t) = vn(t0)
<latexit sha1_base64="4/qU9XaElfHHJpLDveBK7LOngQw="></latexit><latexit sha1_base64="4/qU9XaElfHHJpLDveBK7LOngQw="></latexit><latexit sha1_base64="4/qU9XaElfHHJpLDveBK7LOngQw="></latexit><latexit sha1_base64="4/qU9XaElfHHJpLDveBK7LOngQw="></latexit>

vn vn vn

Boring!
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Few-scattering approach

Let us turn on particles rescatterings:               . 


⇒ need an ansatz for the collision term (next-to-next slide)


If the number of rescatterings per particle is low enough,   should 
not differ much from the free-streaming solution      :

Ccoll.[f ] 6= 0
<latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit>

f
<latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit>

f (0)
<latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit>

f = f (0) + f (1)
<latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit>

“low density limit’’: Heiselberg & Levy, PRC 59 (1999) 2716

“far from equilibrium’’: N.B. & Gombeaud, EPJC 71 (2011) 1612


“eremitic expansion’’, Romatschke, arXiv:1802.06804

“one hit dynamics’’, Kurkela, Wiedemann & Wu, arXiv:1803.02072

Note: (small) expansion parameter needed: wait till slide 20!
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Few-scattering approach

Let us turn on particles rescatterings:               . 


⇒ need an ansatz for the collision term (next-to-next slide)


If the number of rescatterings per particle is low enough,   should 
not differ much from the free-streaming solution      :

Ccoll.[f ] 6= 0
<latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit>

f
<latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit>

f (0)
<latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit>

f = f (0) + f (1)
<latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit>

In the absence of initial momentum-space anisotropy, the generated 
anisotropic flow is due to     , i.e. to rescatterings. f (1)

<latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit>
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Few-scattering approach

If the number of rescatterings per particle is low enough,   should 
not differ much from the free-streaming solution      :

Integrate over    , multiply by           , average over   


⇒ anisotropic flow growth rate

cos(n')
<latexit sha1_base64="hdq5lCoC16O45FBwF8RWMcFZG+E="></latexit><latexit sha1_base64="hdq5lCoC16O45FBwF8RWMcFZG+E="></latexit><latexit sha1_base64="hdq5lCoC16O45FBwF8RWMcFZG+E="></latexit><latexit sha1_base64="hdq5lCoC16O45FBwF8RWMcFZG+E="></latexit>

'
<latexit sha1_base64="rPWHo2dClp3niY965wmcS8tT2tw="></latexit><latexit sha1_base64="rPWHo2dClp3niY965wmcS8tT2tw="></latexit><latexit sha1_base64="rPWHo2dClp3niY965wmcS8tT2tw="></latexit><latexit sha1_base64="rPWHo2dClp3niY965wmcS8tT2tw="></latexit>

f
<latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit>

f (0)
<latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit>

f = f (0) + f (1)
<latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit>

Insert into the kinetic evolution equation:

pµ@
µf (1)(t,x,p) = �Ccoll.[f (0)+f (1)]

<latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit><latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit><latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit><latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit>

' �Ccoll.[f (0)]
<latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit><latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit><latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit><latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit>

x
<latexit sha1_base64="auGONcZ/eh1Iq6xeONOyb2E3ypw="></latexit><latexit sha1_base64="auGONcZ/eh1Iq6xeONOyb2E3ypw="></latexit><latexit sha1_base64="auGONcZ/eh1Iq6xeONOyb2E3ypw="></latexit><latexit sha1_base64="auGONcZ/eh1Iq6xeONOyb2E3ypw="></latexit>

d

dt
<latexit sha1_base64="DAjE+E4Wape6lsCx4qK1BJUzPpM="></latexit><latexit sha1_base64="DAjE+E4Wape6lsCx4qK1BJUzPpM="></latexit><latexit sha1_base64="DAjE+E4Wape6lsCx4qK1BJUzPpM="></latexit><latexit sha1_base64="DAjE+E4Wape6lsCx4qK1BJUzPpM="></latexit>

vn(t)
<latexit sha1_base64="YtMVm/96DUFMBIwVwmSCsn3l6nA="></latexit><latexit sha1_base64="YtMVm/96DUFMBIwVwmSCsn3l6nA="></latexit><latexit sha1_base64="YtMVm/96DUFMBIwVwmSCsn3l6nA="></latexit><latexit sha1_base64="YtMVm/96DUFMBIwVwmSCsn3l6nA="></latexit>
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Few-scattering approach

Let us turn on particles rescatterings:               . 


⇒ need an ansatz for the collision term


 relaxation time approximation


 


 


   (nonlinearities hidden in     and        )

Ccoll.[f ] 6= 0
<latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit>

Romatschke, arXiv:1802.06804

Kurkela, Wiedemann & Wu, arXiv:1803.02072

Ccoll.[f ] = �pµuµ

⌧rel.

�
f � feq.[f ]

�
<latexit sha1_base64="baAGbYzST5VM0G6q6QKRSmHLeio="></latexit><latexit sha1_base64="baAGbYzST5VM0G6q6QKRSmHLeio="></latexit><latexit sha1_base64="baAGbYzST5VM0G6q6QKRSmHLeio="></latexit><latexit sha1_base64="baAGbYzST5VM0G6q6QKRSmHLeio="></latexit>

feq.[f ]
<latexit sha1_base64="HfDcAOw0xCbR9EtyvBaLZDNDyi8="></latexit><latexit sha1_base64="HfDcAOw0xCbR9EtyvBaLZDNDyi8="></latexit><latexit sha1_base64="HfDcAOw0xCbR9EtyvBaLZDNDyi8="></latexit><latexit sha1_base64="HfDcAOw0xCbR9EtyvBaLZDNDyi8="></latexit>

uµ
<latexit sha1_base64="TbyvqoRiX6GFAKsatsFxFPdxqew="></latexit><latexit sha1_base64="TbyvqoRiX6GFAKsatsFxFPdxqew="></latexit><latexit sha1_base64="TbyvqoRiX6GFAKsatsFxFPdxqew="></latexit><latexit sha1_base64="TbyvqoRiX6GFAKsatsFxFPdxqew="></latexit>
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Few-scattering approach

Let us turn on particles rescatterings:               . 


⇒ need an ansatz for the collision term


 relaxation time approximation


 


 


 collision integral, including a rescattering cross section, as e.g.

Ccoll.[f ] 6= 0
<latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit><latexit sha1_base64="FIaNpGqtpVNGbO02HFAyTyRKo2w="></latexit>

Heiselberg & Levy, PRC 59 (1999) 2716

N.B. & Gombeaud, EPJC 71 (2011) 1612 


N.B., Feld & Kersting, arXiv:1804.05729

Romatschke, arXiv:1802.06804

Kurkela, Wiedemann & Wu, arXiv:1803.02072

Ccoll.[f ] = �pµuµ

⌧rel.

�
f � feq.[f ]

�
<latexit sha1_base64="baAGbYzST5VM0G6q6QKRSmHLeio="></latexit><latexit sha1_base64="baAGbYzST5VM0G6q6QKRSmHLeio="></latexit><latexit sha1_base64="baAGbYzST5VM0G6q6QKRSmHLeio="></latexit><latexit sha1_base64="baAGbYzST5VM0G6q6QKRSmHLeio="></latexit>

Ccoll.[f(1)] =
Z

p2,p3,p4

⇥
f(3)f(4)w(3+4 ! 1+2)� f(1)f(2)w(1+2 ! 3+4)

⇤

<latexit sha1_base64="+HOh/2IMw/jbc9izQ4yDqlCq4YA="></latexit><latexit sha1_base64="+HOh/2IMw/jbc9izQ4yDqlCq4YA="></latexit><latexit sha1_base64="+HOh/2IMw/jbc9izQ4yDqlCq4YA="></latexit><latexit sha1_base64="+HOh/2IMw/jbc9izQ4yDqlCq4YA="></latexit>
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Few-scattering approach

If the number of rescatterings per particle is low enough,   should 
not differ much from the free-streaming solution      :

f
<latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit>

f (0)
<latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit>

f = f (0) + f (1)
<latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit>

What is the small parameter here?


Goal: small number of rescatterings per particle: (�R)
N

R2
⌧ 1

<latexit sha1_base64="1vMn9z7ZNG9S5sF9akkM0WjXdHg="></latexit><latexit sha1_base64="1vMn9z7ZNG9S5sF9akkM0WjXdHg="></latexit><latexit sha1_base64="1vMn9z7ZNG9S5sF9akkM0WjXdHg="></latexit><latexit sha1_base64="1vMn9z7ZNG9S5sF9akkM0WjXdHg="></latexit>

Nresc. ⇠
N�

R
⌧ 1

<latexit sha1_base64="rAjqqiBJ+qhOpnUIwmoZd5x30Ls="></latexit><latexit sha1_base64="rAjqqiBJ+qhOpnUIwmoZd5x30Ls="></latexit><latexit sha1_base64="rAjqqiBJ+qhOpnUIwmoZd5x30Ls="></latexit><latexit sha1_base64="rAjqqiBJ+qhOpnUIwmoZd5x30Ls="></latexit>

For an explicit calculation, take an initial configuration, a given collision 
integral (with the free-streaming solution), integrate over   ,  , and the 
still unspecified momentum. 

x
<latexit sha1_base64="auGONcZ/eh1Iq6xeONOyb2E3ypw="></latexit><latexit sha1_base64="auGONcZ/eh1Iq6xeONOyb2E3ypw="></latexit><latexit sha1_base64="auGONcZ/eh1Iq6xeONOyb2E3ypw="></latexit><latexit sha1_base64="auGONcZ/eh1Iq6xeONOyb2E3ypw="></latexit>

t
<latexit sha1_base64="9bKBCajl1kRJ5sFanrDrFCXcWl8="></latexit><latexit sha1_base64="9bKBCajl1kRJ5sFanrDrFCXcWl8="></latexit><latexit sha1_base64="9bKBCajl1kRJ5sFanrDrFCXcWl8="></latexit><latexit sha1_base64="9bKBCajl1kRJ5sFanrDrFCXcWl8="></latexit>
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Scaling behaviors

 The free-streaming solution     propagates the initial distribution, 
and thus only contains linear terms in the eccentricities    .


 


 The first-order correction 


 is linear in the cross section / the small parameter


 contains nonlinear terms in the eccentricities    .

f (0)
<latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit>

f = f (0) + f (1)
<latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit>

pµ@
µf (1)(t,x,p) = �Ccoll.[f (0)+f (1)]

<latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit><latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit><latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit><latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit>

' �Ccoll.[f (0)]
<latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit><latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit><latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit><latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit>

f (1)
<latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit>

Nresc.
<latexit sha1_base64="JDR0xYA/gCfKidFg+bnocJcgIa4="></latexit><latexit sha1_base64="JDR0xYA/gCfKidFg+bnocJcgIa4="></latexit><latexit sha1_base64="JDR0xYA/gCfKidFg+bnocJcgIa4="></latexit><latexit sha1_base64="JDR0xYA/gCfKidFg+bnocJcgIa4="></latexit>

✏n
<latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit>

✏n
<latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit>

Ccoll.[f (0)] 3
Z
f (0)(1)f (0)(2)� 3

Z
✏2 cos(2✓1) ✏2 cos(2✓2)�

<latexit sha1_base64="QhOlXTwO0iy4Zyvs3c+jQKZBGac="></latexit><latexit sha1_base64="QhOlXTwO0iy4Zyvs3c+jQKZBGac="></latexit><latexit sha1_base64="QhOlXTwO0iy4Zyvs3c+jQKZBGac="></latexit><latexit sha1_base64="QhOlXTwO0iy4Zyvs3c+jQKZBGac="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

8 > > > > > > > > > > > > > < > > > > > > > > > > > > > : <latexit sha1_base64="Je4O7tNKm4uW/Pg8TrFJ3nJtkLQ="></latexit><latexit sha1_base64="Je4O7tNKm4uW/Pg8TrFJ3nJtkLQ="></latexit><latexit sha1_base64="Je4O7tNKm4uW/Pg8TrFJ3nJtkLQ="></latexit><latexit sha1_base64="Je4O7tNKm4uW/Pg8TrFJ3nJtkLQ="></latexit>

3 ✏22 cos

✓
4
✓1+✓2

2

◆

<latexit sha1_base64="pvAvfAQ4KIGoxCr1XO+2JSuELYQ="></latexit><latexit sha1_base64="pvAvfAQ4KIGoxCr1XO+2JSuELYQ="></latexit><latexit sha1_base64="pvAvfAQ4KIGoxCr1XO+2JSuELYQ="></latexit><latexit sha1_base64="pvAvfAQ4KIGoxCr1XO+2JSuELYQ="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

v4
<latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit>

will contribute to
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Scaling behaviors

 The free-streaming solution     propagates the initial distribution, 
and thus only contains linear terms in the eccentricities    .


 


 The first-order correction 


 is linear in the cross section / the small parameter


 contains linear and quadratic terms in the eccentricities    .

f (0)
<latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit><latexit sha1_base64="mH4iaRDOC3+WzjegBmoXpcwZuLw="></latexit>

f = f (0) + f (1)
<latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit><latexit sha1_base64="S+FnYI5PV7ipAGv10K4047oBK4A="></latexit>

pµ@
µf (1)(t,x,p) = �Ccoll.[f (0)+f (1)]

<latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit><latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit><latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit><latexit sha1_base64="dmQ7+yNmnzK7RcyYSoHGyt8AT8E="></latexit>

' �Ccoll.[f (0)]
<latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit><latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit><latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit><latexit sha1_base64="uymfXFOK41XCTNVzHsw82cquyg4="></latexit>

f (1)
<latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit>

Nresc.
<latexit sha1_base64="JDR0xYA/gCfKidFg+bnocJcgIa4="></latexit><latexit sha1_base64="JDR0xYA/gCfKidFg+bnocJcgIa4="></latexit><latexit sha1_base64="JDR0xYA/gCfKidFg+bnocJcgIa4="></latexit><latexit sha1_base64="JDR0xYA/gCfKidFg+bnocJcgIa4="></latexit>

✏n
<latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit>

✏n
<latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit><latexit sha1_base64="eNdz4NrEHCZ+msij3M9LRFjLxSk="></latexit>

8 > > > > > > > > > > > > > < > > > > > > > > > > > > > : <latexit sha1_base64="Je4O7tNKm4uW/Pg8TrFJ3nJtkLQ="></latexit><latexit sha1_base64="Je4O7tNKm4uW/Pg8TrFJ3nJtkLQ="></latexit><latexit sha1_base64="Je4O7tNKm4uW/Pg8TrFJ3nJtkLQ="></latexit><latexit sha1_base64="Je4O7tNKm4uW/Pg8TrFJ3nJtkLQ="></latexit>

if the collision integral is quadratic in f
<latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit><latexit sha1_base64="cmYF6Gd9iKFNsG8lCOZk2sw1G88="></latexit>

(as in the Boltzmann ansatz)
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Anisotropic flow far from equilibrium

Summary of findings with the Boltzmann collision kernel:


 elliptic flow:


 triangular flow:


 quadrangular flow:


 pentagonal flow:


 hexagonal flow:

v2
<latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit>

v3
<latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit>

v4
<latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit>

v5
<latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit>

v6
<latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

✏2✏3
<latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit><latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit><latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit><latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

2
<latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit>

2
<latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit>
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Anisotropic flow far from equilibrium

vs. in fluid dynamics

 elliptic flow:


 triangular flow:


 quadrangular flow:


 pentagonal flow:


 hexagonal flow:

v2
<latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit>

v3
<latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit>

v4
<latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit>

v5
<latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit>

v6
<latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

✏2✏3
<latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit><latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit><latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit><latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

2
<latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit>

2
<latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit>

v2 ' Khydro
2,2 ✏2

<latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit><latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit><latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit><latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit>

v3 ' Khydro
3,3 ✏3

<latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit><latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit><latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit><latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit>

v4 ' Khydro
4,22 ✏22 +Khydro

4,4 ✏4
<latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit><latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit><latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit><latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit>

v5 ' Khydro
5,23 ✏2✏3 +Khydro

5,5 ✏5
<latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit>

v6 ' Khydro
6,222 ✏

3
2 +Khydro

6,33 ✏23 +Khydro
6,42 ✏2✏4 +Khydro

6,6 ✏6
<latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit>

✏2
<latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit>

✏2
<latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

✏3
<latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit>

✏3
<latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit>

v2
<latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit>

v3
<latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit>

v4
<latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit>

v5
<latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit>

v6
<latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit>

8 > > > > > > > > > > > > > > > > > > > > < > > > > > > > > > > > > > > > > > > > > : <latexit sha1_base64="yU/R6Yqj3Y1AZLnXAwaM9S5LD24="></latexit><latexit sha1_base64="yU/R6Yqj3Y1AZLnXAwaM9S5LD24="></latexit><latexit sha1_base64="yU/R6Yqj3Y1AZLnXAwaM9S5LD24="></latexit><latexit sha1_base64="yU/R6Yqj3Y1AZLnXAwaM9S5LD24="></latexit>

reminder from slide 7
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Anisotropic flow far from equilibrium

vs. in fluid dynamics

 elliptic flow:


 triangular flow:


 quadrangular flow:


 pentagonal flow:


 hexagonal flow:

v2
<latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit>

v3
<latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit>

v4
<latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit>

v5
<latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit>

v6
<latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

✏2✏3
<latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit><latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit><latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit><latexit sha1_base64="RkicJScUq9Z7mdc1RfAMWxqJgLs="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

2
<latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit>

2
<latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit>

v2 ' Khydro
2,2 ✏2

<latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit><latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit><latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit><latexit sha1_base64="bpuFWvxjw0B4l6noL6BQIA2kD3g="></latexit>

v3 ' Khydro
3,3 ✏3

<latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit><latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit><latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit><latexit sha1_base64="x9OVoc5kNCfjnO3qmRqKgIrze5w="></latexit>

v4 ' Khydro
4,22 ✏22 +Khydro

4,4 ✏4
<latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit><latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit><latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit><latexit sha1_base64="b8qajDuZwrhBXcmhWC8DKAPLz2k="></latexit>

v5 ' Khydro
5,23 ✏2✏3 +Khydro

5,5 ✏5
<latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit><latexit sha1_base64="pJi80VB8X4TyuomKc76uFy9ipAI="></latexit>

v6 ' Khydro
6,222 ✏

3
2 +Khydro

6,33 ✏23 +Khydro
6,42 ✏2✏4 +Khydro

6,6 ✏6
<latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit><latexit sha1_base64="wm2GeZ4ghzQcC4e/PxkxO6y/dGA="></latexit>

✏2
<latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit>

✏2
<latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit><latexit sha1_base64="Y/0J0bZ9lgXKYWUUb22uffZABPM="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

✏3
<latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit>

✏3
<latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit><latexit sha1_base64="jMTNWT+ZthSae2X0DbDtY01DzNM="></latexit>

v2
<latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit><latexit sha1_base64="z+zZccJB+ZIULlBRp+RRatn2I5I="></latexit>

v3
<latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit><latexit sha1_base64="xA8rxcg7KJ0cmPEoI44i2kjyz9A="></latexit>

v4
<latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit><latexit sha1_base64="x53dJ/h3Vukb2jA6y3BXOS0/kEo="></latexit>

v5
<latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit><latexit sha1_base64="xc47nqkG1tF02yEyq9mO5TJh/lQ="></latexit>

v6
<latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit>

not there at order O(Nresc.)
<latexit sha1_base64="/3ZlpXAmbvt4ZbaXNGZNHLjSQno="></latexit><latexit sha1_base64="/3ZlpXAmbvt4ZbaXNGZNHLjSQno="></latexit><latexit sha1_base64="/3ZlpXAmbvt4ZbaXNGZNHLjSQno="></latexit><latexit sha1_base64="/3ZlpXAmbvt4ZbaXNGZNHLjSQno="></latexit>

As anticipated(?), some of the nonlinear response terms seem to 
require more time (rescatterings) to be generated! 
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v6
<latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit>

What about the contribution of order     to    ?

f = f (0) + f (1) + f (2)
<latexit sha1_base64="sjw03reyT7exFHHQGWn0cn7Q2ig="></latexit><latexit sha1_base64="sjw03reyT7exFHHQGWn0cn7Q2ig="></latexit><latexit sha1_base64="sjw03reyT7exFHHQGWn0cn7Q2ig="></latexit><latexit sha1_base64="sjw03reyT7exFHHQGWn0cn7Q2ig="></latexit>

Write                          , insert into the evolution equation

pµ@
µ
⇥
f (1) + f (2)

⇤
= �Ccoll.[f (0)+f (1)+f (2)]

<latexit sha1_base64="gcolY9L4yKApx2L1EF6H7TAe31Y="></latexit><latexit sha1_base64="gcolY9L4yKApx2L1EF6H7TAe31Y="></latexit><latexit sha1_base64="gcolY9L4yKApx2L1EF6H7TAe31Y="></latexit><latexit sha1_base64="gcolY9L4yKApx2L1EF6H7TAe31Y="></latexit>

' �Ccoll.[f (0)+f (1)]
<latexit sha1_base64="XOlY+Ik0KbQGi4rtv/E4MKON2PM="></latexit><latexit sha1_base64="XOlY+Ik0KbQGi4rtv/E4MKON2PM="></latexit><latexit sha1_base64="XOlY+Ik0KbQGi4rtv/E4MKON2PM="></latexit><latexit sha1_base64="XOlY+Ik0KbQGi4rtv/E4MKON2PM="></latexit>

= �Ccoll.[f (0)]�
⇣
Ccoll.[f (0)+f (1)]� Ccoll.[f (0)]

⌘

<latexit sha1_base64="87m509n3BUd3QSIoKD7xCy3/dK0="></latexit><latexit sha1_base64="87m509n3BUd3QSIoKD7xCy3/dK0="></latexit><latexit sha1_base64="87m509n3BUd3QSIoKD7xCy3/dK0="></latexit><latexit sha1_base64="87m509n3BUd3QSIoKD7xCy3/dK0="></latexit>

8 > > > > > > > > > > > > > > > > > > > > < > > > > > > > > > > > > > > > > > > > > : <latexit sha1_base64="yU/R6Yqj3Y1AZLnXAwaM9S5LD24="></latexit><latexit sha1_base64="yU/R6Yqj3Y1AZLnXAwaM9S5LD24="></latexit><latexit sha1_base64="yU/R6Yqj3Y1AZLnXAwaM9S5LD24="></latexit><latexit sha1_base64="yU/R6Yqj3Y1AZLnXAwaM9S5LD24="></latexit>

yields f (1)
<latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit><latexit sha1_base64="OZ+JpyeLB9bP3STEsyVMV28Eg5M="></latexit>

8 > < > : <latexit sha1_base64="Jq3G1D56n1LMgcEv/wehILwMQ/g="></latexit><latexit sha1_base64="Jq3G1D56n1LMgcEv/wehILwMQ/g="></latexit><latexit sha1_base64="Jq3G1D56n1LMgcEv/wehILwMQ/g="></latexit><latexit sha1_base64="Jq3G1D56n1LMgcEv/wehILwMQ/g="></latexit>

f (2)
<latexit sha1_base64="BR9+TzI69zI22jNCblAKEHiw93s="></latexit><latexit sha1_base64="BR9+TzI69zI22jNCblAKEHiw93s="></latexit><latexit sha1_base64="BR9+TzI69zI22jNCblAKEHiw93s="></latexit><latexit sha1_base64="BR9+TzI69zI22jNCblAKEHiw93s="></latexit>

O(N2
resc.)

<latexit sha1_base64="ckrp627e1aJ9+n4+AZ5gDdiKKqA="></latexit><latexit sha1_base64="ckrp627e1aJ9+n4+AZ5gDdiKKqA="></latexit><latexit sha1_base64="ckrp627e1aJ9+n4+AZ5gDdiKKqA="></latexit><latexit sha1_base64="ckrp627e1aJ9+n4+AZ5gDdiKKqA="></latexit>

The terms             yield

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

3
<latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit>

f (2)
<latexit sha1_base64="BR9+TzI69zI22jNCblAKEHiw93s=">AAADsXicjVLJbtRAFKyJWULYEjhysZgghcvIDkhwQkHhgJAQQcpkAmEA2+kJrfEmL0Cw8hFc4cv4A/gL6r3pEcuIpS3br6vr1XvV3XGZ2roJgi+9Je/U6TNnl8+tnL9w8dLl1bUre3XRVokZJkVaVPtxVJvU5mbY2CY1+2VloixOzSiebsv66K2palvku81xacZZdJTbiU2ihtBo8rLb2Lx58mq1HwwCHf5iELqgDzd2irXeI7 zAIQokaJHBIEfDOEWEms8BQgQoiY3REasYWV03OMEKc1uyDBkR0Sm/R5wdODTnXDRrzU5YJeVbMdPHDeYU5FWMpZqv660qC/on7U41pbdj/mOnlRFt8Ibov/LmzP/NEy8NJrirHiw9lYqIu8SptLor0rn/k6uGCiUxiQ+5XjFONHO+z77m1Opd9jbS9a/KFFTmieO2+PZXdzFV5USE8UArpapp8Nh5vE+k5D8i1xDpyJz7L/FB3XR4gl2euUQ/sEy/lszZmefMf6fnlalCTn+itoPn2CZHbs3Y6cdkvdd41o90u75QuUNfq67zZQ3e4/D3W7sY7G0OwmAQPr3d37rnbvQyruE6Nqh1B1t4yI6Guksf8QmfvVveM++1F8+oSz2XcxW/DG/6HTJbvSk=</latexit><latexit sha1_base64="BR9+TzI69zI22jNCblAKEHiw93s=">AAADsXicjVLJbtRAFKyJWULYEjhysZgghcvIDkhwQkHhgJAQQcpkAmEA2+kJrfEmL0Cw8hFc4cv4A/gL6r3pEcuIpS3br6vr1XvV3XGZ2roJgi+9Je/U6TNnl8+tnL9w8dLl1bUre3XRVokZJkVaVPtxVJvU5mbY2CY1+2VloixOzSiebsv66K2palvku81xacZZdJTbiU2ihtBo8rLb2Lx58mq1HwwCHf5iELqgDzd2irXeI7 zAIQokaJHBIEfDOEWEms8BQgQoiY3REasYWV03OMEKc1uyDBkR0Sm/R5wdODTnXDRrzU5YJeVbMdPHDeYU5FWMpZqv660qC/on7U41pbdj/mOnlRFt8Ibov/LmzP/NEy8NJrirHiw9lYqIu8SptLor0rn/k6uGCiUxiQ+5XjFONHO+z77m1Opd9jbS9a/KFFTmieO2+PZXdzFV5USE8UArpapp8Nh5vE+k5D8i1xDpyJz7L/FB3XR4gl2euUQ/sEy/lszZmefMf6fnlalCTn+itoPn2CZHbs3Y6cdkvdd41o90u75QuUNfq67zZQ3e4/D3W7sY7G0OwmAQPr3d37rnbvQyruE6Nqh1B1t4yI6Guksf8QmfvVveM++1F8+oSz2XcxW/DG/6HTJbvSk=</latexit><latexit sha1_base64="BR9+TzI69zI22jNCblAKEHiw93s=">AAADsXicjVLJbtRAFKyJWULYEjhysZgghcvIDkhwQkHhgJAQQcpkAmEA2+kJrfEmL0Cw8hFc4cv4A/gL6r3pEcuIpS3br6vr1XvV3XGZ2roJgi+9Je/U6TNnl8+tnL9w8dLl1bUre3XRVokZJkVaVPtxVJvU5mbY2CY1+2VloixOzSiebsv66K2palvku81xacZZdJTbiU2ihtBo8rLb2Lx58mq1HwwCHf5iELqgDzd2irXeI7 zAIQokaJHBIEfDOEWEms8BQgQoiY3REasYWV03OMEKc1uyDBkR0Sm/R5wdODTnXDRrzU5YJeVbMdPHDeYU5FWMpZqv660qC/on7U41pbdj/mOnlRFt8Ibov/LmzP/NEy8NJrirHiw9lYqIu8SptLor0rn/k6uGCiUxiQ+5XjFONHO+z77m1Opd9jbS9a/KFFTmieO2+PZXdzFV5USE8UArpapp8Nh5vE+k5D8i1xDpyJz7L/FB3XR4gl2euUQ/sEy/lszZmefMf6fnlalCTn+itoPn2CZHbs3Y6cdkvdd41o90u75QuUNfq67zZQ3e4/D3W7sY7G0OwmAQPr3d37rnbvQyruE6Nqh1B1t4yI6Guksf8QmfvVveM++1F8+oSz2XcxW/DG/6HTJbvSk=</latexit><latexit sha1_base64="BR9+TzI69zI22jNCblAKEHiw93s=">AAADsXicjVLJbtRAFKyJWULYEjhysZgghcvIDkhwQkHhgJAQQcpkAmEA2+kJrfEmL0Cw8hFc4cv4A/gL6r3pEcuIpS3br6vr1XvV3XGZ2roJgi+9Je/U6TNnl8+tnL9w8dLl1bUre3XRVokZJkVaVPtxVJvU5mbY2CY1+2VloixOzSiebsv66K2palvku81xacZZdJTbiU2ihtBo8rLb2Lx58mq1HwwCHf5iELqgDzd2irXeI7 zAIQokaJHBIEfDOEWEms8BQgQoiY3REasYWV03OMEKc1uyDBkR0Sm/R5wdODTnXDRrzU5YJeVbMdPHDeYU5FWMpZqv660qC/on7U41pbdj/mOnlRFt8Ibov/LmzP/NEy8NJrirHiw9lYqIu8SptLor0rn/k6uGCiUxiQ+5XjFONHO+z77m1Opd9jbS9a/KFFTmieO2+PZXdzFV5USE8UArpapp8Nh5vE+k5D8i1xDpyJz7L/FB3XR4gl2euUQ/sEy/lszZmefMf6fnlalCTn+itoPn2CZHbs3Y6cdkvdd41o90u75QuUNfq67zZQ3e4/D3W7sY7G0OwmAQPr3d37rnbvQyruE6Nqh1B1t4yI6Guksf8QmfvVveM++1F8+oSz2XcxW/DG/6HTJbvSk=</latexit>

     does contain a term in   ✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

3
<latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit>

v6
<latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

2
<latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit> + O(N2

resc.)
<latexit sha1_base64="FgvJjUtGmAu8hb80dfmgZiyKNRg="></latexit><latexit sha1_base64="FgvJjUtGmAu8hb80dfmgZiyKNRg="></latexit><latexit sha1_base64="FgvJjUtGmAu8hb80dfmgZiyKNRg="></latexit><latexit sha1_base64="FgvJjUtGmAu8hb80dfmgZiyKNRg="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

3
<latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit> nontrivial?

far from equilibriumv6
<latexit sha1_base64="TTUG1P/ld5yuDmn9zIcWcvY6POo="></latexit><latexit sha1_base64="TTUG1P/ld5yuDmn9zIcWcvY6POo="></latexit><latexit sha1_base64="TTUG1P/ld5yuDmn9zIcWcvY6POo="></latexit><latexit sha1_base64="TTUG1P/ld5yuDmn9zIcWcvY6POo="></latexit>
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v6
<latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit>

= O(Nresc.)
<latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit><latexit sha1_base64="m51/qPyaEoO6crdKczYu7m4rxtw="></latexit>

✏3
<latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit><latexit sha1_base64="0MOGh8v0SMd4BngIC/zKCBRJn9U="></latexit>

2
<latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit><latexit sha1_base64="GAPgH+87pt5Nd1HZzq9VswjqN+M="></latexit> + O(N2

resc.)
<latexit sha1_base64="FgvJjUtGmAu8hb80dfmgZiyKNRg="></latexit><latexit sha1_base64="FgvJjUtGmAu8hb80dfmgZiyKNRg="></latexit><latexit sha1_base64="FgvJjUtGmAu8hb80dfmgZiyKNRg="></latexit><latexit sha1_base64="FgvJjUtGmAu8hb80dfmgZiyKNRg="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

3
<latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit>

far from equilibriumv6
<latexit sha1_base64="TTUG1P/ld5yuDmn9zIcWcvY6POo="></latexit><latexit sha1_base64="TTUG1P/ld5yuDmn9zIcWcvY6POo="></latexit><latexit sha1_base64="TTUG1P/ld5yuDmn9zIcWcvY6POo="></latexit><latexit sha1_base64="TTUG1P/ld5yuDmn9zIcWcvY6POo="></latexit>

How robust is this?


To get a contribution in    to    already at order          , one must 
modify the collision integral:


 include 2 ⟷ 3 scatterings (actually, only 3 ⟶ 2 is useful)


 however        is smaller than       : does not really work


 include Pauli blocking / Bose–Einstein enhancement factors


 relevant only for a dense system

v6
<latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit><latexit sha1_base64="CKhybImua946WgkS0BXLdxCjfG8="></latexit>

✏2
<latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit><latexit sha1_base64="DZV167kEgbk4UQFMp7rynp30iI4="></latexit>

3
<latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit><latexit sha1_base64="0lW8wkSsXpKAeoW1ZXNjoEFTmV4="></latexit> O(Nresc.)

<latexit sha1_base64="lMavpydNZrPyf7ByxqyIHGEgF9w="></latexit><latexit sha1_base64="lMavpydNZrPyf7ByxqyIHGEgF9w="></latexit><latexit sha1_base64="lMavpydNZrPyf7ByxqyIHGEgF9w="></latexit><latexit sha1_base64="lMavpydNZrPyf7ByxqyIHGEgF9w="></latexit>

�3!2
<latexit sha1_base64="pvrtIS6raxzbTxFlj7vv0AKT4Yc="></latexit><latexit sha1_base64="pvrtIS6raxzbTxFlj7vv0AKT4Yc="></latexit><latexit sha1_base64="pvrtIS6raxzbTxFlj7vv0AKT4Yc="></latexit><latexit sha1_base64="pvrtIS6raxzbTxFlj7vv0AKT4Yc="></latexit>

�2!2
<latexit sha1_base64="SRdfGBhFimfXaJI9IrOn8FcojCs="></latexit><latexit sha1_base64="SRdfGBhFimfXaJI9IrOn8FcojCs="></latexit><latexit sha1_base64="SRdfGBhFimfXaJI9IrOn8FcojCs="></latexit><latexit sha1_base64="SRdfGBhFimfXaJI9IrOn8FcojCs="></latexit>

f(1)f(2)[1± f(3)][1± f(4)]
<latexit sha1_base64="LqTlHVIWbs9ibg4t/f3YDwA/Nas="></latexit><latexit sha1_base64="LqTlHVIWbs9ibg4t/f3YDwA/Nas="></latexit><latexit sha1_base64="LqTlHVIWbs9ibg4t/f3YDwA/Nas="></latexit><latexit sha1_base64="LqTlHVIWbs9ibg4t/f3YDwA/Nas="></latexit>

 Does one remain in the “small number of rescatterings’’ regime?
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 Are they confirmed by numerical studies?


 Ultimately, how does the scaling with the number of rescatterings 
manifest themselves in the fluid-dynamical regime: dependence on 
viscosity of the proportionality coefficients          ?


 Are they of any relevance for experimental data? 


 Small systems


 Pre-hydrodynamization stage in heavy ion collision.

Anisotropic flow far from equilibrium

One can find various scaling behaviors between initial eccentricities 
and final-state anisotropic flow harmonics.

Khydro
n,..

<latexit sha1_base64="YdppbRYBR3MgpAEpYw2OEv1lBnA="></latexit><latexit sha1_base64="YdppbRYBR3MgpAEpYw2OEv1lBnA="></latexit><latexit sha1_base64="YdppbRYBR3MgpAEpYw2OEv1lBnA="></latexit><latexit sha1_base64="YdppbRYBR3MgpAEpYw2OEv1lBnA="></latexit>
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… And another thing…

An unpleasant curiosity? 

f(t0,x,p) = F (p) e�r2/2R2


1 + ✏̄2

✓
r

R

◆2
cos[2(✓��2)] + ✏̄3

✓
r

R

◆3
cos[3(✓��3)]

�
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A simple setup:


for massless particles with 2 ⟷ 2 elastic scatterings, with an isotropic 
cross section. 


Leads to finite    ,    ,     but vanishing    ,    at order            …O(Nresc.)
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… And another thing…

f(t0,x,p) = F (p) e�r2/2R2
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The calculation involves that of the integral


where


A term linear in    comes with an odd contribution to the integrand, 
thus does not contribute to the integral… Leading to no    .


But do I understand the physics here?
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