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Hydrodynamic attractors

1610.02023: lecture notes emphasizing the holographic component
1707.02282: review emphasizing the hydrodynamic component

1609.04803v2 and 1802.08225: more recent results
1906.xxxxx upcoming work with Jefferson, Spalinski & Svensson
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Introduction & motivation

// in this lecture vast majority of results concern conformally-invariant theories //



Motivation: hydrodynamic simulations for HIC
Generic energy density at the moment hydrodynamics simulation starts:

1009.3244 by Schenke, Jeon & Gale

Simulations like this match the data, however, they apply hydrodynamics in the

regime of large gradients:                                     . Does it even make sense?�E
�d

⇥
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Hydrodynamization

plot from 1609.04803v2 with Kurkela, Spalinski & Svensson

Ab initio studies in holography and later studies in other models show that 
viscous hydro can work even when deviations from local equilibrium are large:

0906.4426, 1011.3562 by Chesler & Yaffe; 1103.3452 with Janik & Witaszczyk

N=4 SYM
EKT with ⌘/s = 0.624

RTA with ⌘/s = 0.624

sample n-eq states in:

�P
E/3 =

2

⇡
w̃�1

viscous hydro prediction:
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Preview: hydrodynamic attractors

plot from 1609.04803v2 with Kurkela, Spalinski & Svensson

Viscous hydrodynamics works despite huge gradients in the system:
0906.4426, 1011.3562 by Chesler & Yaffe; 1103.3452 with Janik & Witaszczyk

hydrodynamics

“attractor”
=
???
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Relativistic hydrodynamics - textbook definition
an EFT of the slow (?) evolution of conserved 
currents in collective media close to equilibrium (?)hydrodynamics is

DOFs: always local energy density   and local flow velocity      (              )
EOMs: conservation eqns                   for         expanded in gradients

✏ uµ u⌫u
⌫ = �1

rµhTµ⌫i = 0 hTµ⌫i

Tµ⌫ = ✏uµu⌫ + P (✏){ gµ⌫ + uµu⌫ }� ⌘(✏)�µ⌫ � ⇣(✏){ gµ⌫ + uµu⌫ }(r · u) + . . .hTµ⌫i

shear viscosity
contribution

bulk viscosity
(vanishes for CFTs)

microscopic
input:

EoS
P (✏) =

1

3
✏(             for CFTs)

�P
E/3 =

2

⇡
w̃�1

⇡µ⌫
<latexit sha1_base64="xc8fxwU0zR5vc1P2BBMD9mu3AuM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8S8OIxgnlAdg2zk9lkyOzsOo9AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dYcqZ0q777RTW1jc2t4rbpZ3dvf2D8uFRSyVGEtokCU9kJ8SKciZoUzPNaSeVFMchp+1wdDvz22MqFUvEg56kNIjxQLCIEaytFPgpe8z82CBfmGmvXHGr7hxolXg5qUCORq/85fcTYmIqNOFYqa7npjrIsNSMcDot+UbRFJMRHtCupQLHVAXZ/OgpOrNKH0WJtCU0mqu/JzIcKzWJQ9sZYz1Uy95M/M/rGh1dBxkTqdFUkMWiyHCkEzRLAPWZpETziSWYSGZvRWSIJSba5lSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJBJ7gGV7hzRk7L86787FoLTj5zDH8gfP5A9tukiQ=</latexit>
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This talk will be a success if:

You understand better this and similar plots:

You get an idea about recent developments on what hides here

Tµ⌫ = ✏uµu⌫ + P (✏){ gµ⌫ + uµu⌫ }� ⌘(✏)�µ⌫ � ⇣(✏){ gµ⌫ + uµu⌫ }(r · u) + . . .hTµ⌫i

5/23



Hydrodynamic & transient modes



Theories of viscous hydrodynamics

Tµ⌫ = ✏uµu⌫ + P (✏){ gµ⌫ + uµu⌫ }� ⌘(✏)�µ⌫ � ⇣(✏){ gµ⌫ + uµu⌫ }(r · u) + . . .rµ

⇣
+ . . .

⌘
= 0The crucial subtlety:                                                                      does not

have a well-posed initial value problem                       hydrodynamic theories

Overall idea: make       obey an independent PDE ensuring its        to�⌘ �µ⌫⇡µ⌫

Müller 1967, Israel 1976, Israel & Stewart 1976decay timescale
(⌧⇡ u

↵D↵ + 1) [⇡µ⌫ � (�⌘ �µ⌫)] = 0 ⇡µ⌫ = �⌘ �µ⌫ � ⌧⇡ u
↵D↵ ⇡µ⌫ � ⌧⇡ u

↵D↵ (⌘ �µ⌫)

New incarnation: 0712.2451 by Baier, Romatschke, Son, Starinets & Stephanov

⇡µ⌫ = �⌘�µ⌫ � ⌧⇡ u
↵D↵⇡

µ⌫ + �1⇡
hµ

↵�
⌫i↵ + �2⇡

hµ
↵⌦

⌫i↵ + �3⌦
hµ

↵⌦
⌫i↵⇡
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Modes in BRSSS theory
Mode = solution of linearized equations of finite-T state without any sources

Technical issue: tensor perturbs.      channels (here and later sound channel):

Assuming momentum along x3 direction                     :      ,        &�T �u3 �⇡33e�i! x0+i k x3

⇡µ⌫ = �⌘�µ⌫ � ⌧⇡ u
↵D↵⇡

µ⌫ + �1⇡
hµ

↵�
⌫i↵ + �2⇡

hµ
↵⌦

⌫i↵ + �3⌦
hµ

↵⌦
⌫i↵

conservation
+
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two modes:

!3 + (. . .)!2 + (. . .)! + (. . .) = 0

hydro (sound wave)

transient (pure decay):
!
���
k=0

= �i
1
⌧⇡

<latexit sha1_base64="1cvwFfTpUr7yKkg+0rIEzPaseBU="></latexit>
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Modes in Einstein-Hilbert holography = QNMs

ds2 =
L2

u2

n
�2dx0du� (1� ⇡4T 4u4)

�
x0

�2
+ d~x2

o
+ �gab(u) e

�i! x0+i k x3
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3
k/T � i
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4⇡
(k/T )2 ± 3� 2 log 2

24
p
3⇡2

(k/T )3

hep-th/0506184 by Kovtun & Starinets

ingoing (regular) at the horizon

vanishing at the boundary 
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HJSW theory and its modes
1409.5087 with Janik, Spalinski & Witaszczyk (see also 1104.2415 by Noronha & Denicol)

MIS/BRSSS idea:        decays exponentially to           . In holography:�⌘ �µ⌫⇡µ⌫

HJSW: relaxation-type eqn.        damped harmonic oscillator-type eqn. for     :⇡µ⌫

1

T
!1
QNM

��
k=0

= ±⌦R + i⌦Iwith

!4 + (. . .)!3 + (. . .)!2 + (. . .)! + (. . .) = 0

linearization hydrodynamics 
(sound wave)

transient
(decay + oscillation)

Tested using holography     (one need to specify not only      but also         )⇡µ⌫ @0 ⇡
µ⌫
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Modes in linear response theory

⇠ e�i!pole x
0+ik·xtheories of hydro

& holography

kinetic theory
weakly-coupled QFT

see A. Kurkela’s lectures

see J. Edmenger’s lectures
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1503.07514 with Spalinski
1302.0697 with Janik & Witaszczyk

Hydrodynamics at large orders



Boost-invariant flowBjorken 1982

x1
x1

⌧ = 0

⌧ > 0 x0const      slice:

Boost-invariance: in                                                            coords no   -dep(⌧ ⌘
q

x2
0 � x2

1, y ⌘ arctanh
x1

x0
, x2, x3) y

In a CFT:                                                                                     hTµ
⌫i = diag

⇢
�E(⌧),�E � ⌧ Ė , E +

1

2
⌧ Ė , E +

1

2
⌧ Ė

�

and via scale-invariance                 is a function of 

hT 2
2i � hT y

yi

w ⌘ ⌧ T

✓
E(⌧)

3
8⇡

2N2
c

◆1/4

⌘�P
E/3 ⌘ R

⌘
A

<latexit sha1_base64="OWYSSh3+UEs9UFTLd0pRIWZAtaY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkiXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7BLM0U2vVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2bUTdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq6EILFl5dJs1oJzivV+4ty7TqPowDHcAJnEMAl1OAO6tAAAo/wDK/w5invxXv3PuatK14+cwR/4H3+ANnPjqM=</latexit>

Gradient expansion:  series in     1
w 1103.3452 with Janik & Witaszczyk
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Large order gradient expansion: BRSSS
1503.07514 with Spalinski

conservation (always the same) ⌧

w

dw

d⌧
=

2

3
+

1

18
RA
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Divergent series: an ⇠ n!
<latexit sha1_base64="SZrfiY1BJFfPvESuFiPmhW0xVAc="></latexit>

12/23



Hydrodynamics and transient modes: BRSSS
1503.07514 with Spalinski

Key observations:
does not make sense without a resummation

there must be sth else that cares about ini. cond.
resurgence

1X

n=1

rn
wn

an
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When we linearize our eom on top of          we get:
1X

n=1

rn
wn

an
<latexit sha1_base64="2t2imDR8eFJbWcNmECjDlODRnJI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWMF0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5m/udJ1SaJ/LRTFMMYjqSPOKMGiv5dJDL2aBSdWvuAmSdeAWpQoHWoPLVHyYsi1EaJqjWPc9NTZBTZTgTOCv3M40pZRM6wp6lksaog3xx7IxcWmVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90GOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7YheKsvr5N2veZd1+oPjWqzUcRRgnO4gCvw4AaacA8t8IEBh2d4hTdHOi/Ou/OxbN1wipkz+APn8wcG5o7I</latexit>

�R = � e
� 3

2
1

C⌧⇡
w
w

C⌘�2C�1
C⌧⇡

8
<

:1 +
1X

j=1

r(1)j

wj

9
=

;

integration const. (ini. cond.)
further hydro dressing
(another div. series)

In equilibrium one has e�
1

C⌧⇡
T t

It is still true here, but only at a given instance: e�
1

C⌧⇡

R ⌧
⌧i

T (⌧ 0) d⌧ 0

Using T =
⇤

(⇤⌧)1/3

✓
1� C⌘

1

(⇤ ⌧)2/3
+ . . .

◆
one gets e�

3
2

1
C⌧⇡

w
w

C⌘
C⌧⇡ . . .

see also hep-th/0606149 by Janik & Peschanski

A
<latexit sha1_base64="OWYSSh3+UEs9UFTLd0pRIWZAtaY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkiXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7BLM0U2vVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2bUTdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq6EILFl5dJs1oJzivV+4ty7TqPowDHcAJnEMAl1OAO6tAAAo/wDK/w5invxXv3PuatK14+cwR/4H3+ANnPjqM=</latexit>

a(1)j
<latexit sha1_base64="ra9KcZzv4/qlQWkDMU2/QDNNBhA=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoMQm3CnghYWARvLCOYDkjPsbfaSNXu7x+6cEI77GTYWitj6a+z8N26SKzTxwcDjvRlm5gWx4AZc99sprKyurW8UN0tb2zu7e+X9g5ZRiaasSZVQuhMQwwSXrAkcBOvEmpEoEKwdjG+mfvuJacOVvIdJzPyIDCUPOSVgpS7pp4/ZQ1r1TrN+ueLW3BnwMvFyUkE5Gv3yV2+gaBIxCVQQY7qeG4OfEg2cCpaVeolhMaFjMmRdSyWJmPHT2ckZPrHKAIdK25KAZ+rviZRExkyiwHZGBEZm0ZuK/3ndBMIrP+UyToBJOl8UJgKDwtP/8YBrRkFMLCFUc3srpiOiCQWbUsmG4C2+vExaZzXvvHZ2d1GpX+dxFNEROkZV5KFLVEe3qIGaiCKFntErenPAeXHenY95a8HJZw7RHzifP73+kOA=</latexit>
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Transseries and resurgence1503.07514 with Spalinski

R(w) ⇡
1X

n=1

rn
wn

BR(⇠) =
1X

n=1

rn
n!

⇠n ⇡ a0 ++ . . .+ a100⇠100

b0 ++ . . .+ b100⇠100Borel trafo.
A

<latexit sha1_base64="OWYSSh3+UEs9UFTLd0pRIWZAtaY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkiXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7BLM0U2vVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2bUTdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq6EILFl5dJs1oJzivV+4ty7TqPowDHcAJnEMAl1OAO6tAAAo/wDK/w5invxXv3PuatK14+cwR/4H3+ANnPjqM=</latexit>

A
<latexit sha1_base64="OWYSSh3+UEs9UFTLd0pRIWZAtaY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkiXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7BLM0U2vVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2bUTdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq6EILFl5dJs1oJzivV+4ty7TqPowDHcAJnEMAl1OAO6tAAAo/wDK/w5invxXv3PuatK14+cwR/4H3+ANnPjqM=</latexit>

an
<latexit sha1_base64="2t2imDR8eFJbWcNmECjDlODRnJI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWMF0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5m/udJ1SaJ/LRTFMMYjqSPOKMGiv5dJDL2aBSdWvuAmSdeAWpQoHWoPLVHyYsi1EaJqjWPc9NTZBTZTgTOCv3M40pZRM6wp6lksaog3xx7IxcWmVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90GOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7YheKsvr5N2veZd1+oPjWqzUcRRgnO4gCvw4AaacA8t8IEBh2d4hTdHOi/Ou/OxbN1wipkz+APn8wcG5o7I</latexit>

an
<latexit sha1_base64="2t2imDR8eFJbWcNmECjDlODRnJI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWMF0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5m/udJ1SaJ/LRTFMMYjqSPOKMGiv5dJDL2aBSdWvuAmSdeAWpQoHWoPLVHyYsi1EaJqjWPc9NTZBTZTgTOCv3M40pZRM6wp6lksaog3xx7IxcWmVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90GOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7YheKsvr5N2veZd1+oPjWqzUcRRgnO4gCvw4AaacA8t8IEBh2d4hTdHOi/Ou/OxbN1wipkz+APn8wcG5o7I</latexit> ⇡ b0 + . . .+ b100 ⇠100

c0 + . . .+ c100 ⇠100
<latexit sha1_base64="SrTo+TH+Rj8o3IOLMtHsStqzQqo="></latexit>

Borel (re)summation:✓Z

C1

d⇠ �
Z

C2

d⇠

◆⇥
w e�w ⇠BR(⇠)

⇤

⇠ e
� 3

2
1

C⌧⇡
w
w

C⌘�2C�1
C⌧⇡ . . .

⌘
�

⌘
A

A
<latexit sha1_base64="qVw6/IQYfQuKenh1VKji6n4SJzc=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0haSxvwUPHisYK1hTaUzXbbLt1s4u5GKKF/wosHRbz6d7z5b9y0FVT0wcDjvRlm5gUxZ0o7zoeVW1ldW9/Ibxa2tnd294r7B7cqSiShLRLxSHYCrChngrY005x2YklxGHDaDiaXmd++p1KxSNzoaUz9EI8EGzKCtZE6aY9gji5m/WLJsb16tVqpI8d2HK/s1QzxPM+tucg1SoYSLNHsF997g4gkIRWacKxU13Vi7adYakY4nRV6iaIxJhM8ol1DBQ6p8tP5vTN0YpQBGkbSlNBorn6fSHGo1DQMTGeI9Vj99jLxL6+b6GHdT5mIE00FWSwaJhzpCGXPowGTlGg+NQQTycytiIyxxESbiAomhK9P0f/ktmy7Fbt8fVZqnC/jyMMRHMMpuFCDBlxBE1pAgMMDPMGzdWc9Wi/W66I1Zy1nDuEHrLdPMrKQEg==</latexit>

A =
3

2
i

✓
�i

1

C⌧⇡

◆

C1

C2
Ambiguity in resummation ~ transient mode

R(w) =
1X

j=0

�j e�j Aw wj � �(j)(w)Transseries:
~ resum. ambig. + ini. cond.

~ 1/w expansions

nonlinear effects

Resurgence: transseries yields an unambiguous answer up to 1 real int. const.

A
<latexit sha1_base64="OWYSSh3+UEs9UFTLd0pRIWZAtaY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkiXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7BLM0U2vVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2bUTdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq6EILFl5dJs1oJzivV+4ty7TqPowDHcAJnEMAl1OAO6tAAAo/wDK/w5invxXv3PuatK14+cwR/4H3+ANnPjqM=</latexit>
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Resurgence in HJSW

3A+

3A�
2A�

2A+
A+

A�

1511.06358 by Aniceto & Spalinski

Long story short: we now look at a 2nd order ODE A00 + . . . = 0
<latexit sha1_base64="ekWp2ZHjZ/FWGhTJYeN+1sxFC5I=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLVBBKUgVdKFTcuKxgH9CEMplM26GTmTAzEUrIxl9x40IRt36GO//GaZuFth64cDjnXu69J4gZVdpxvq3C0vLK6lpxvbSxubW9Y+/utZRIJCZNLJiQnQApwignTU01I51YEhQFjLSD0e3Ebz8SqajgD3ocEz9CA077FCNtpJ59kHoYMXiTVSrwFHosFFrBa+j07LJTdaaAi8TNSRnkaPTsLy8UOIkI15ghpbquE2s/RVJTzEhW8hJFYoRHaEC6hnIUEeWn0wcyeGyUEPaFNMU1nKq/J1IUKTWOAtMZIT1U895E/M/rJrp/6aeUx4kmHM8W9RMGtYCTNGBIJcGajQ1BWFJzK8RDJBHWJrOSCcGdf3mRtGpV96xauz8v16/yOIrgEByBE+CCC1AHd6ABmgCDDDyDV/BmPVkv1rv1MWstWPnMPvgD6/MHdUyUXA==</latexit>

with

2nd order EOM        2 real int. const.        2 parameter (     ) transseries�±

A
<latexit sha1_base64="OWYSSh3+UEs9UFTLd0pRIWZAtaY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkiXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7BLM0U2vVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2bUTdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq6EILFl5dJs1oJzivV+4ty7TqPowDHcAJnEMAl1OAO6tAAAo/wDK/w5invxXv3PuatK14+cwR/4H3+ANnPjqM=</latexit>

A(w) =
1X

n=1

an
wn

+ . . .
<latexit sha1_base64="spX55VU56QZNvaRRgMbr5A1TH9I="></latexit>

BA(⇠) =
1X

n=1

an
n!

⇠n ⇡ b0 + . . .+ b300⇠300

c0 + . . .+ c300⇠300
<latexit sha1_base64="Cbw6lSywdzo149a75sRffcb3+nw="></latexit>
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Resurgence in holographic hydrodynamics
1302.0697 with Janik & Witaszczyk: ~240 terms (used in the plot)

1810.07130 by Aniceto, Meiring, Jankowski & Spalinski: focus on transients

A(1)
�

2A(1)
�

3A(1)
�

3A(1)
+

2A(1)
+

A(1)
+

A(2)
+

A(2)
�

2A(2)
�

2A(2)
+

A(3)
+

A(3)
�

1712.02772 by Casalderrey-Solana, Gushterov, Meiring: ~380 terms

Infinitely many QNMs — infinitely many parameters in the transseries

16/23



Emerging picture
Hydro gradient expansion diverges* hydrodynamization

Transients in                   vs.  singularities of Borel transform of hydroG
Tµ⌫

R (!, k)

 

k = 0 :

Re(  )

Im(  )

⇠

⇠

nonlinearities

hydro dressingtemperature history (3/2) 
Borel vs. Fourier (-i)

An analogy
with QM:

non-equilibrium physics  QM with 
      gradient expansion in        perturbative series in 
transient QNMs               instanton
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RTA kinetic theory

transient ⇠ log
! � k + i

⌧rel

! + k + i
⌧rel

hydro

1609.04803v2 with Kurkela, Spalinski & Svensson; 1802.08225 with Svensson

1512.02641 by Romatschke

boost-invariant flow

Borel plane

infinitely-many modes
with the same exponential
suppression and differing

in their power-law behaviour

the rest of singularities is
humbug

⌧rel =
�

T
<latexit sha1_base64="zVKwEbMA0MqLLBoNwX0K4MZQzl4=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVZIq6EKh4MZlhb6gCeVmOmmHziRhZiKUkD9w46+4caGIW7fu/Bunj4W2HrhwOOde7r0nSDhT2nG+rcLK6tr6RnGztLW9s7tn7x+0VJxKQpsk5rHsBKAoZxFtaqY57SSSggg4bQej24nffqBSsThq6HFCfQGDiIWMgDZSzz71NKS9zBOgh1JkkvI8xzfYCyWQzBuAEJBnjbxnl52KMwVeJu6clNEc9Z795fVjkgoaacJBqa7rJNrPQGpGOM1LXqpoAmQEA9o1NAJBlZ9N/8nxiVH6OIylqUjjqfp7IgOh1FgEpnNyt1r0JuJ/XjfV4ZWfsShJNY3IbFGYcqxjPAkH95mkRPOxIUAkM7diMgQThTYRlkwI7uLLy6RVrbjnler9Rbl2PY+jiI7QMTpDLrpENXSH6qiJCHpEz+gVvVlP1ov1bn3MWgvWfOYQ/YH1+QMseZ1a</latexit>
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Attractors

1503.07514 with Spalinski
1704.08699 by Romatschke

1906.xxxxx with Jefferson, Spalinski & Svensson
… ~15 other distinct studies of attractors …



(BRSSS) resummed hydrodynamics
1503.07514 with Spalinski

Idea: resummed / far-from-equilibrium hydrodynamics = attractor solutions 

A
<latexit sha1_base64="OWYSSh3+UEs9UFTLd0pRIWZAtaY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkiXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7BLM0U2vVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2bUTdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq6EILFl5dJs1oJzivV+4ty7TqPowDHcAJnEMAl1OAO6tAAAo/wDK/w5invxXv3PuatK14+cwR/4H3+ANnPjqM=</latexit>

A
<latexit sha1_base64="OWYSSh3+UEs9UFTLd0pRIWZAtaY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkiXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7BLM0U2vVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2bUTdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq6EILFl5dJs1oJzivV+4ty7TqPowDHcAJnEMAl1OAO6tAAAo/wDK/w5invxXv3PuatK14+cwR/4H3+ANnPjqM=</latexit>

A
<latexit sha1_base64="OWYSSh3+UEs9UFTLd0pRIWZAtaY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkiXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7BLM0U2vVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2bUTdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq6EILFl5dJs1oJzivV+4ty7TqPowDHcAJnEMAl1OAO6tAAAo/wDK/w5invxXv3PuatK14+cwR/4H3+ANnPjqM=</latexit>

A
<latexit sha1_base64="OWYSSh3+UEs9UFTLd0pRIWZAtaY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkiXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7BLM0U2vVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2bUTdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq6EILFl5dJs1oJzivV+4ty7TqPowDHcAJnEMAl1OAO6tAAAo/wDK/w5invxXv3PuatK14+cwR/4H3+ANnPjqM=</latexit>

BRSSS:

„slow roll” approximation 
reveals an attractor solution

Re(�) ⇡ 0.875
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POne can also approx. resum transseries: 

R(w) =
1X

j=0

�j e�j Aw wj � �(j)(w)
2

⇡

Requires 3 Borel summations

A
<latexit sha1_base64="Bqp9YfxlgaMyKJJ5pR0Fn+JG/YA=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0UtLCI2FhGMB+QHGFvs5cs2ds7d+eEcORP2FgoYuvfsfPfuEmu0MQHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeA44X5EB0qEglG0UjvrMirJzaRXKrsVdwayTLyclCFHvVf66vZjlkZcIZPUmI7nJuhnVKNgkk+K3dTwhLIRHfCOpYpG3PjZ7N4JObVKn4SxtqWQzNTfExmNjBlHge2MKA7NojcV//M6KYZXfiZUkiJXbL4oTCXBmEyfJ32hOUM5toQyLeythA2ppgxtREUbgrf48jJpViveeaV6f1GuXedxFOAYTuAMPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7x1xclnjuAPnM8foFuPrQ==</latexit>

19/23

Anything fundamental
about it?



Attractor in kinetic theory and holography

Idea: use the slow roll approximation to generate attractors in other theories

1704.08699 by Romatschke (figure imported from the arXiv ver)

✓
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<latexit sha1_base64="Bnp4cDgn2DWX2RcEcUxWGLWwBv0=">AAACHHicbVDLSgNBEJz1GeNr1aOXwSDEg2E3CaigEPHiMYJ5QDaE2clsMmT2wUyvEJb9EC/+ihcPinjxIPg3TpI9aGJBQ1HVTXeXGwmuwLK+jaXlldW19dxGfnNre2fX3NtvqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWObiZ+64FJxcPgHsYR6/pkEHCPUwJa6pkVRzAPivgKO54kNCmnyUWKE4cSga9TfJrJ1TSppNiRfDCEk55ZsErWFHiR2BkpoAz1nvnp9EMa+ywAKohSHduKoJsQCZwKluadWLGI0BEZsI6mAfGZ6ibT51J8rJU+9kKpKwA8VX9PJMRXauy7utMnMFTz3kT8z+vE4J13Ex5EMbCAzhZ5scAQ4klSuM8loyDGmhAqub4V0yHRaYDOM69DsOdfXiTNcsmulMp31ULtMosjhw7RESoiG52hGrpFddRAFD2iZ/SK3own48V4Nz5mrUtGNnOA/sD4+gEnhqAq</latexit>

Note: centre and right are projections from infinitely-dimensional phase space
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BRSSS (old) RTA (new) holography (new)



New (look at?) attractors

In more general situations we may not find    and    , but we always have 
phase space variables in which we formulate the problem. In BRSSS:

1906.xxxxx with Jefferson, Spalinski & Svensson

w
<latexit sha1_base64="leQfjHrwYiyPOWCi+g64Qstbxh0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioIVFwMYyAfMByRH2NnPJmr29Y3dPCSG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2i0jyW92acoB/RgeQhZ9RYqf7UK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nwsWnNONnMMf+B8/gDkNYz5</latexit>

A
<latexit sha1_base64="Bqp9YfxlgaMyKJJ5pR0Fn+JG/YA=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0UtLCI2FhGMB+QHGFvs5cs2ds7d+eEcORP2FgoYuvfsfPfuEmu0MQHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeA44X5EB0qEglG0UjvrMirJzaRXKrsVdwayTLyclCFHvVf66vZjlkZcIZPUmI7nJuhnVKNgkk+K3dTwhLIRHfCOpYpG3PjZ7N4JObVKn4SxtqWQzNTfExmNjBlHge2MKA7NojcV//M6KYZXfiZUkiJXbL4oTCXBmEyfJ32hOUM5toQyLeythA2ppgxtREUbgrf48jJpViveeaV6f1GuXedxFOAYTuAMPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7x1xclnjuAPnM8foFuPrQ==</latexit>

New (?) attractors: fix a set of initial conditions in phase space; dissipation is 
going to make it lower dimensional as time progresses; this identifies effective
late-time description dependent at intermediate times on the initial set.

(⌧, T, T 0)
<latexit sha1_base64="dLXud0a1rvAOoNmYDgIS51vgLu8=">AAAB8nicbVBNSwMxEM36WetX1aOXYBErlLJbBT14KHjxWKFfsC0lm2bb0GyyJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvCAW3IDrfjtr6xubW9u5nfzu3v7BYeHouGVUoilrUiWU7gTEMMElawIHwTqxZiQKBGsH4/uZ335i2nAlGzCJWS8iQ8lDTglYyS91gSTlRrlxcdkvFN2KOwdeJV5GiihDvV/46g4UTSImgQpijO+5MfRSooFTwab5bmJYTOiYDJlvqSQRM710fvIUn1tlgEOlbUnAc/X3REoiYyZRYDsjAiOz7M3E/zw/gfC2l3IZJ8AkXSwKE4FB4dn/eMA1oyAmlhCqub0V0xHRhIJNKW9D8JZfXiWtasW7qlQfr4u1uyyOHDpFZ6iEPHSDaugB1VETUaTQM3pFbw44L86787FoXXOymRP0B87nD2w9kAQ=</latexit>
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T
<latexit sha1_base64="SaU3qKa9DSNfv1dq+HKhx3gAFtE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQb0FvHhMIC9IljA76U3GzM4uM7NCCPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvP6HSPJYNM0nQj+hQ8pAzaqxUb/SLJbfsLkDWiZeREmSo9YtfvUHM0gilYYJq3fXcxPhTqgxnAmeFXqoxoWxMh9i1VNIItT9dHDojF1YZkDBWtqQhC/X3xJRGWk+iwHZG1Iz0qjcX//O6qQlv/SmXSWpQsuWiMBXExGT+NRlwhcyIiSWUKW5vJWxEFWXGZlOwIXirL6+TVqXsXZUr9etS9S6LIw9ncA6X4MENVOEBatAEBgjP8ApvzqPz4rw7H8vWnJPNnMIfOJ8/rkKM0w==</latexit>

T
<latexit sha1_base64="SaU3qKa9DSNfv1dq+HKhx3gAFtE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQb0FvHhMIC9IljA76U3GzM4uM7NCCPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvP6HSPJYNM0nQj+hQ8pAzaqxUb/SLJbfsLkDWiZeREmSo9YtfvUHM0gilYYJq3fXcxPhTqgxnAmeFXqoxoWxMh9i1VNIItT9dHDojF1YZkDBWtqQhC/X3xJRGWk+iwHZG1Iz0qjcX//O6qQlv/SmXSWpQsuWiMBXExGT+NRlwhcyIiSWUKW5vJWxEFWXGZlOwIXirL6+TVqXsXZUr9etS9S6LIw9ncA6X4MENVOEBatAEBgjP8ApvzqPz4rw7H8vWnJPNnMIfOJ8/rkKM0w==</latexit>

T
<latexit sha1_base64="SaU3qKa9DSNfv1dq+HKhx3gAFtE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQb0FvHhMIC9IljA76U3GzM4uM7NCCPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvP6HSPJYNM0nQj+hQ8pAzaqxUb/SLJbfsLkDWiZeREmSo9YtfvUHM0gilYYJq3fXcxPhTqgxnAmeFXqoxoWxMh9i1VNIItT9dHDojF1YZkDBWtqQhC/X3xJRGWk+iwHZG1Iz0qjcX//O6qQlv/SmXSWpQsuWiMBXExGT+NRlwhcyIiSWUKW5vJWxEFWXGZlOwIXirL6+TVqXsXZUr9etS9S6LIw9ncA6X4MENVOEBatAEBgjP8ApvzqPz4rw7H8vWnJPNnMIfOJ8/rkKM0w==</latexit>

T
0

<latexit sha1_base64="WaDRGxmpwV/KPuo1X0wKI06b5Z8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexGQb0FvHiMkhckS5id9CZDZmeXmVkhhPyBFw+KePWPvPk3TpI9aGJBQ1HVTXdXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHsu6GSfoR3QgecgZNVZ6rJ/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mV86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxMRk9jbpc4XMiLEllClubyVsSBVlxoZTsCF4yy+vkmal7F2WKw9XpeptFkceTuAULsCDa6jCPdSgAQxCeIZXeHNGzovz7nwsWnNONnMMf+B8/gAOpY0E</latexit> T
0

<latexit sha1_base64="WaDRGxmpwV/KPuo1X0wKI06b5Z8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexGQb0FvHiMkhckS5id9CZDZmeXmVkhhPyBFw+KePWPvPk3TpI9aGJBQ1HVTXdXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHsu6GSfoR3QgecgZNVZ6rJ/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mV86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxMRk9jbpc4XMiLEllClubyVsSBVlxoZTsCF4yy+vkmal7F2WKw9XpeptFkceTuAULsCDa6jCPdSgAQxCeIZXeHNGzovz7nwsWnNONnMMf+B8/gAOpY0E</latexit> T
0

<latexit sha1_base64="WaDRGxmpwV/KPuo1X0wKI06b5Z8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexGQb0FvHiMkhckS5id9CZDZmeXmVkhhPyBFw+KePWPvPk3TpI9aGJBQ1HVTXdXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHsu6GSfoR3QgecgZNVZ6rJ/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mV86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxMRk9jbpc4XMiLEllClubyVsSBVlxoZTsCF4yy+vkmal7F2WKw9XpeptFkceTuAULsCDa6jCPdSgAQxCeIZXeHNGzovz7nwsWnNONnMMf+B8/gAOpY0E</latexit>

⇠<latexit sha1_base64="ekp0ejOP44Qg1o22mxanIGIeQtg=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0qqLeCF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX+obLQaXq1bw58CrxC1KFAs1B5as/jGkqmbJUEGN6vpfYICPacirYrNxPDUsInZAR6zmqiGQmyOa3zvC5U4Y4irUrZfFc/T2REWnMVIauUxI7NsteLv7n9VIb3QQZV0lqmaKLRVEqsI1x/jgecs2oFVNHCNXc3YrpmGhCrYun7ELwl19eJe16zb+s1R+uqo3bIo4SnMIZXIAP19CAe2hCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzBx5IjkI=</latexit>

⇡yy
<latexit sha1_base64="94Z3xn4iRY0Ok/rwMRKqKQFP8No=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoN4KXjxWsB/QhrLZbtulm03cnQgh9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSyFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZaJEM95kkYx0J6CGS6F4EwVK3ok1p2EgeTuY3M789hPXRkTqAdOY+yEdKTEUjKKVOr1Y9LM0nfbLFbfqzkFWiZeTCuRo9MtfvUHEkpArZJIa0/XcGP2MahRM8mmplxgeUzahI961VNGQGz+b3zslZ1YZkGGkbSkkc/X3REZDY9IwsJ0hxbFZ9mbif143weG1nwkVJ8gVWywaJpJgRGbPk4HQnKFMLaFMC3srYWOqKUMbUcmG4C2/vEpatap3Ua3dX1bqN3kcRTiBUzgHD66gDnfQgCYwkPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDiDOQQw==</latexit>



Executive summary
and some open problems



Executive summary
What seems to control the applicability of hydrodynamics is not the gradient 
expansion itself, but what comes on top of it — transient modes:

transient oscillation
in N = 4 SYM

Hydrodynamic attractors = universality in behaviour after transients are gone
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As a result, applying hydro to HIC early on is not a priori crazy



Some open problems

Do attractors exist in some absolute sense or are an approximate and local 
property of phase space in theories with hydrodynamic tails?

In momentum space linearized hydrodynamics has a radius of convergence >0 
(note e.g.                                                       or 1904.01018 by Grozdanov, 
Kovtun, Starinets & Tadic). What happens in the real space formulation?

!(exact shear hydro)
BRSSS = i

p
1� 4 ⌧⇡ ⌘

T s k2 � 1

2 ⌧⇡
<latexit sha1_base64="/pkpsN76/LbJajen3EvvlnEpAIM="></latexit>

Can one observe attractors in some experiment or, perhaps, remarkably quick 
applicability of hydrodynamics to HIC implies they have been there from day 1?

What are the modes / properties of the gradient expansion if we leave our 
comfortable corner of theories I discussed today?

1906.xxxxx with Jefferson, Spalinski & Svensson

see, in particular, 1104.1586 by Kovtun, Moore & Romatschke; 1712.04376 by 
Kurkela & Wiedemann and 1803.00736 by Moore
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