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Space-time evolution of heavy-ion collisions
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Motivation: longitudinal structure of HIC

B. Schenke

I Longitudinal structure in initial state

IP-Glasma
AMPT
TRENTo

I Pre-equilibrium dynamics: KøMPøST

I Longitudinal late time dynamics

(3+1)D hydrodynamics
Afterburner
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Pre-equilibrium evolution: from the view of KøMPøST

I Propagation of the non-equilibrium T�� from an initial time �EKT to
a time �hydro when hydrodynamics becomes applicable.

T�� (�EKT;x)
��
out-of-equilibrium

�! T��
�
�hydro ;x

�
:

I All contributions to T�� at (�hydro;x) are determined by the initial
conditions at earlier time �EKT in causal neighborhood of point x.

��x0 � x
�� < c

�
�hydro � �EKT

�
:

I The fluctuations of T�� within causal circle that we need to
consider are small in large collision systems.

The long wavelength variations of T�� within the causal circle are
small, due to (�hydro � �EKT) =RPb � 1.
Short wavelength 
uctuations (of order nucleon size or less) are
washed out.

τhydro = 1.2 fm

τEKT = 0.2 fm

PRL 122, 122302 (2019)
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Pre-equilibrium evolution: strategy of KøMPøST

I T�� at �EKT can be split into a locally homogeneous background
and perturbations around it,

T��
�
�EKT;x

0� = �T��x (�EKT) + �T��x

�
�EKT;x

0�:

I T��(�hydro;x) can be expressed as a sum of the evolved background
and the response to the initial out-of-equilibrium perturbations,

T��
�
�hydro ;x

�
= �T��x

�
�hydro

�
+ �T��x

�
�hydro

�
:

The non-equilibrium background ( �T��) evolution can be described

by a universal function E
h
x = �Tid:

�=s

i
which is derived from the

scaling behavior of the kinetic evolution.

�T�� = diag

�
e; PT ; PT ;

1

�2
PL

�
; e = �g

�2

30
T 4

id:E
�
x =

�Tid:

�=s

�
:

Phys.Rev.C 99 (2019) 3, 034910
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kinetic theory
2nd order hydro

free streaming
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Linear response theory: KøMPøST�! KøMPøST-3D

I Small perturbations around the background can be described by linear response theory,

�T��(�;x; �)

T
��

x;�(�)
=

Z
d2x0 d�0G

��
�� (x; �;x0; �0; �; �0)

�T��x;� (�0;x0; �0)

T
��

x;� (�0)
: (1)

I The response functions can be easier solved in momentum space,

G����

�
x� x0; � � �0; �; �0; T

��

x (�0)
�

=

Z
d2kTdk�

(2�)3

~G����

�
kT; k�; �; �0; T

��

x (�0)
�
eifkT�(x�x0)+k��(���0)g:

(2)

I So in momentum space, we have

�T��k (�)

e(�)
=

1

2
G����

�
kT; k�; �; �0

��T��k (�0)

e (�0)
: (3)
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Response functions from RTA

Under RTA, Boltzmann equation is simplified to

�
p�@� + pi@i �

p�
�2
@�

�
f(x; p) = �p�u

�(x)

�R

h
f(x; p)� feq

�
p��

�(x)
�i
: (4)

I Decomposition of distribution function:

f(x; p) = fBG(x; p) + �f(x; p): (5)

I Longitudinally boost invariant and locally homogeneous in the transverse plane background:

�@�fBG

�
�; pT ;

��p�
��
�

= � �

�R

"
fBG

�
�; pT ;

��p�
��
�
� feq

�
p�

T (�)

�#
: (6)

I Deviations from this behavior can be studied by applying small fluctuations on top of this
background. After linearization it yields

p�@��f = � p
�

�R
�f +

p��u
�

�R

�
(feq � fBG) +

p�

T
f 0
eq

�
� p�

�R
�T

�
1

�R

@�R
@T

(feq � fBG) +
p�

T 2
f 0
eq

�
: (7)
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Response functions from RTA

Utilize method of moments to transform PDE to set of coupled ODEs.
PRD 102, 056003 (2020); S. Ochsenfeld, Master’s thesis, 2020I Moments of background:

Eml (�) = �eff

Z
dp�
2�

Z
d2pT

(2�)2
�1=3p�Y ml

�
�pT

; ��
�
fBG

�
�; pT ;

��p�
��
�
: (8)

I Respective moments of perturbations:

�Eml;k(�) =

Z
dp�
2�

Z
d2pT

(2�)2
�1=3p�Y ml

�
�pTkT

; ��
�
�fk

�
�;pT; p�

�
: (9)

I Specify an initial condition to particle distribution function.

fBG
�
�0; pT ; p�

�
=

(2�)3

�e�
�
�
p�
� dN0

d� d2pTd2x
;

�fk
�
�0;pT; p�

�
= �

� jpTj
3

@jpTjf
(0)
BG

�
jpTj ; p�

��
e
�i

(
pTT�kT
jpTj

�0�k� arcsch
(

pT� �0
p�

))
:

(10)

I Runge-Kutta scheme of fourth order is used to solve moments evolution.
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