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HYDRO ATTRACTORS

Based on 1503.07514 with Spaliński, works by many people including
some of you (for a partial review, see 1707.02282 with Florkowski 
and Spaliński) and 1907.xxxxx with Jefferson, Spaliński and Svensson

See also the upcoming talks by Noronha (today at 2 PM), Almaalol 
(today at 3:40 PM), Denicol (today at 5 PM) and a poster by Shi

http://aei.mpg.de/GQFI


Introduction
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(Relativistic) 
hydro(dynamics) in HIC

a mean for modelling QCD evolution for some
observables over a certain time frame=

In an ideal world with full theoretical control over QCD one would not 
NEED to solve hydro eqns etc — we would have the prediction anyway

Since we do not, we should at least understand to the best of our abilities 
what hydro is, when it works and how to construct hydro eqns

hydro attractors = a surprising spin-off of these studies having to do with
a discovery that hydro works much better than expected

Last decade:         progress on understanding the emergence of hydro regime 
in microscopic models ranging from holographic QFTs to kinetic theory



Hydro far from equilibrium

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 (holography)
EKT with ⌘/s = 0.624

RTA with ⌘/s = 0.624

sample n-eq states in:

viscous hydro prediction:
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<latexit sha1_base64="BhzkAjYTTUJ4cEH6JMd5m+CaG8I=">AAAB7XicdVBNS8NAEJ34WetX1aOXxSJ4CklraXOr6MFjBfsBbSib7bZdu8mG3Y1QQv+DFw+KePX/ePPfuGkrqOiDgcd7M8zMC2LOlHacD2tldW19YzO3ld/e2d3bLxwctpRIJKFNIriQnQAryllEm5ppTjuxpDgMOG0Hk8vMb99TqZiIbvU0pn6IRxEbMoK1kVo9gjm66BeKju3VKpVyDTm243glr2qI53lu1UWuUTIUYYlGv/DeGwiShDTShGOluq4Taz/FUjPC6SzfSxSNMZngEe0aGuGQKj+dXztDp0YZoKGQpiKN5ur3iRSHSk3DwHSGWI/Vby8T//K6iR7W/JRFcaJpRBaLhglHWqDsdTRgkhLNp4ZgIpm5FZExlphoE1DehPD1KfqftEq2W7ZLN+fF+tUyjhwcwwmcgQtVqMM1NKAJBO7gAZ7g2RLWo/VivS5aV6zlzBH8gPX2CW30jw4=</latexit>

see 1609.02820 by Romatschke for a viewpoint

transient QNM



C.f. a textbook definition of hydro
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)

⇡µ⌫
<latexit sha1_base64="xc8fxwU0zR5vc1P2BBMD9mu3AuM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8S8OIxgnlAdg2zk9lkyOzsOo9AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dYcqZ0q777RTW1jc2t4rbpZ3dvf2D8uFRSyVGEtokCU9kJ8SKciZoUzPNaSeVFMchp+1wdDvz22MqFUvEg56kNIjxQLCIEaytFPgpe8z82CBfmGmvXHGr7hxolXg5qUCORq/85fcTYmIqNOFYqa7npjrIsNSMcDot+UbRFJMRHtCupQLHVAXZ/OgpOrNKH0WJtCU0mqu/JzIcKzWJQ9sZYz1Uy95M/M/rGh1dBxkTqdFUkMWiyHCkEzRLAPWZpETziSWYSGZvRWSIJSba5lSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJBJ7gGV7hzRk7L86787FoLTj5zDH8gfP5A9tukiQ=</latexit>
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Hydro theories

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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Hydro theories = hydro + transients; interesting to redo               in BRSSS



The first (BRSSS) hydro attractor
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1503.07514 with Spaliński

conservation (always the same) ⌧

w

dw

d⌧
=

2

3
+

1

18
RA
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The attractor:
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<latexit sha1_base64="T9BLTh4f7bK5b/fTh9MaLCOqBOs="></latexit>



The inner workings of the BRSSS attractor
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Attractors in hydrodynamics include also 1511.06358 (HJSW), 1709.06644 (DNMR&aHydro), 
1711.01657 (DNMR), 1801.10173 (aHydro), 1804.04771 (MIS) and 1808.07038 (aHydro)

A
=

P
T
�
P
L

P
<latexit sha1_base64="T9BLTh4f7bK5b/fTh9MaLCOqBOs="></latexit>

At w = 0 the only
finite value of     leading

to a sensible solution
is the attractor one

A
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1st or 2nd order
gradient expansion

works well:
AH(w) = 8C⌘

1

w
+

16

3
C⌘ (C⌧⇡ � C�1)

1

w2
+ . . .

<latexit sha1_base64="edmx3zeFgLS2Nm9ayU1jK+tzo7k="></latexit>

1503.07514 with Spaliński

divergent series
 attractor = a natural resummation

exponential
approach through
a transient QNM

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>

“slow roll” approximates this attractor :



Attractors beyond BRSSS: conformal bif
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Idea: use ~slow roll approximation to generate attractors in other theories
1704.08699 by Romatschke (figure adapted from arXiv)

Note: centre and right are projections from infinitely-dimensional phase space

✓
=

2 9
A

�
4 3

◆
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BRSSS (old) RTA (new) holography (new)

Attractors in holography include also 1708.01921 & 1805.11689 by Spaliński, as well as 
1712.02772’ & 1810.02314* by Casalderrey-Solana, Gushterov’, Herzog* & Meiring



Attractors beyond BRSSS: non-conformal bif
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1710.03234 by Romatschke (figure adapted from arXiv)
1710.07095 by Florkowski, Maksymiuk, Ryblewski

at conformality⇠ w�1
<latexit sha1_base64="H8wKjUTwu4S7z27aN+rNDZuGnFU=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4cZj0YVtwUXDjsoJ9wHQsmTTThmYyQ5JRytDPcONCEbd+jTv/xvQhqOiBC4dz7uXee/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/PHlzO/cUalYJG70JKZeiIeCBYxgbSS3p1gI72/TMzTt5wuO7dTKCJ1Dx65USvV61RCnjEq1IkS2M0cBLNHs5997g4gkIRWacKyUi5xYeymWmhFOp7leomiMyRgPqWuowCFVXjo/eQpPjDKAQSRNCQ3n6veJFIdKTULfdIZYj9Rvbyb+5bmJDmpeykScaCrIYlGQcKgjOPsfDpikRPOJIZhIZm6FZIQlJtqklDMhfH0K/yftoo1KdvG6XGhcLOPIgiNwDE4BAlXQAFegCVqAgAg8gCfwbGnr0XqxXhetGWs5cwh+wHr7BBuzkSI=</latexit>

=
�
1
+

1 6
A

<latexit sha1_base64="sg69OBqOc9z3J0sulVCQPYMITE8=">AAACA3icdVDJSgNBEO1xjXEb9aaXxiAI4jCdPaAQ8eIxglkgCaGn05M06Vno7hHCMODFX/HiQRGv/oQ3/8bOIqjog4LHe1VU1XNCzqSy7Q9jYXFpeWU1tZZe39jc2jZ3dhsyiAShdRLwQLQcLClnPq0rpjhthYJiz+G06YwuJ37zlgrJAv9GjUPa9fDAZy4jWGmpZ+6fw1MET2DHFZjEKImLSdwhmMOLpGdmbMsu5xEqQtsqFHKVSkkTO49y5SxElj1FBsxR65nvnX5AIo/6inAsZRvZoerGWChGOE3SnUjSEJMRHtC2pj72qOzG0x8SeKSVPnQDoctXcKp+n4ixJ+XYc3Snh9VQ/vYm4l9eO1JuuRszP4wU9clskRtxqAI4CQT2maBE8bEmmAimb4VkiHUaSseW1iF8fQr/J42shXJW9jqfqZ7N40iBA3AIjgECJVAFV6AG6oCAO/AAnsCzcW88Gi/G66x1wZjP7IEfMN4+AbklllM=</latexit>

at
 c

on
f.

Results for RTA kinetic theory for massive particles and ⌧rel ⇠
1

T
<latexit sha1_base64="3qYgKjaZxUPtv9fsvsOma8UHBNc=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVJIq6MFDwYvHCv2CJpTNdtMu3U3C7kQoIQcv/hUvHhTx6o/w5r9x2+agrQ8GHu/NMDMvSATX4Djf1tr6xubWdmmnvLu3f3BoHx13dJwqyto0FrHqBUQzwSPWBg6C9RLFiAwE6waT25nffWBK8zhqwTRhviSjiIecEjDSwK54QNJBppjIsae5xF6oCM3cPGvlA7vq1Jw58CpxC1JFBZoD+8sbxjSVLAIqiNZ910nAz4gCTgXLy16qWULohIxY39CISKb9bP5Ejs+MMsRhrExFgOfq74mMSK2nMjCdksBYL3sz8T+vn0J47Wc8SlJgEV0sClOBIcazRPCQK0ZBTA0hVHFzK6ZjYlIAk1vZhOAuv7xKOvWae1Gr319WGzdFHCVUQafoHLnoCjXQHWqiNqLoET2jV/RmPVkv1rv1sWhds4qZE/QH1ucP+x6YSQ==</latexit>

Attractors in kinetic theory include also 1712.03856 + 1904.08677 by Blaizot & Yan, 1809.01200 
+ 1903.03145* by Strickland (+ Tantary*), 1901.08632 by Behtash, Kamata, Martinez & Shi,



Attractors beyond bif: (1+2)D BRSSS 
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1710.03234 by Romatschke (figure adapted from arXiv)

⇠ w
<latexit sha1_base64="1iHjwZOAxjZSpRuhov7Bw5VYipU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCXjxGMA9IljA7mU3GzGOZmVXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9HoZuq3Hqk2TMl7O05oKPBAspgRbJ3U7Bom0FOvVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2bUTdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq6EILFl5dJs1oJzivVu4ty7TqPowDHcAJnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AFH0jvI=</latexit>

�1 +
1

w
<latexit sha1_base64="A2H8Cxrg6C7OM39TCQjVUW2m9nM=">AAAB9XicdZDLSgMxFIYz9VbrrerSTbAIglgy7Yh2IwU3LivYC7RjyaSZNjSTGZKMpQzzHm5cKOLWd3Hn25i2I6joD4Gf/5zDOfm8iDOlEfqwckvLK6tr+fXCxubW9k5xd6+lwlgS2iQhD2XHw4pyJmhTM81pJ5IUBx6nbW98Nau376lULBS3ehpRN8BDwXxGsDbR3al90vMlJomdJpO0Xyyhsl11UAVBVEZzGVM7q9YcB9pZUgKZGv3ie28QkjigQhOOleraKNJugqVmhNO00IsVjTAZ4yHtGitwQJWbzK9O4ZFJBtAPpXlCw3n6fSLBgVLTwDOdAdYj9bs2C/+qdWPtX7gJE1GsqSCLRX7MoQ7hDAEcMEmJ5lNjMJHM3ArJCBsK2oAqGAhfP4X/m1bFgCpXbpxS/TLDkQcH4BAcAxucgzq4Bg3QBARI8ACewLM1sR6tF+t10Zqzspl98EPW2ycmOJJL</latexit>



Attractors beyond pure bif: the Gubser flow
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1711.01745 by Behtash, Cruz-Camacho & Martinez (figure adapted from arXiv)



Attractors as dimensionality reduction

In more general situations we may not find    and    , but we always have 
phase space variables which we can use. For bif in BRSSS:

1907.xxxxx with Jefferson, Spaliński & 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>

A new look at attractors: fix a set of initial conditions in phase space; 
expansion + dissipation drives it to become lower dimensional; the attractor 
is the locus where the dimensionality reduction occurred the most.

(⌧, 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>

Vision: use ML techniques to tackle the existence of attractors beyond (1+0)D



Outlook

12/12

hydro attractors

define far from equilibrium hydro
in a class of expanding plasma setups

have become an
interesting research

field on its own

what are the conditions for
their existence, e.g. should 

we expect them in full QCD
or outside expanding plasmas?

if they turn out generic,
can we observe them?


