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Introduction



Motivation

1/13

Relativistic hydrodynamics is important for HEP since it encapsulates effective 
reduction of degrees of freedom in non-equilibrium processes in QFTs 

Key applications to heavy ion collisions at RHIC and LHC, now also of 
interest in neutron star mergers, long-standing connections with black holes

The topic of my talk: large order behaviour of this classical dissipative EFT:

Tµ⌫ = ✏uµu⌫ + P (✏){ gµ⌫ + uµu⌫ }� ⌘(✏)�µ⌫ � ⇣(✏){ gµ⌫ + uµu⌫ }(r · u) + . . .
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Some developments since the KITP program
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O(20) developments related to resurgence in hydrodynamics since Nov 
2017. This talk covers the red ones. I am very sorry for inevitable omissions.



Goal
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http://online.kitp.ucsb.edu/online/resurgent_c17/heller/

1802.08225 with Svensson 2007.05524 with Serantes, Spaliński, 
Svensson, Withers



Pre(KITP conference)history



Hydrodynamic and transient modes
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Linear response theory on top                     is the simplest and very 
powerful model of nonequilibrium physics with a hydrodynamic tail

⇢� ⇠ e��H

<latexit sha1_base64="OrqQieyWvRxsEvOS3ex13Xm9Hdc=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0Gw0LArAbWRgE3KCOYB2RhmJ3eTITO7y8ysEJbUNv6KjYUitn6BnX/jJNlCEw9cOHPOvcy9x485U9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSAp1GvFItnyigLMQ6pppDq1YAhE+h6Y/vJn4zQeQikXhnR7F0BGkH7KAUaKN1LUPPTmIuqnngyZj7CkmMNynZ9M39k5xddy1i07JmQIvEjcjRZSh1rW/vF5EEwGhppwo1XadWHdSIjWjHMYFL1EQEzokfWgbGhIBqpNOTxnjY6P0cBBJU6HGU/X3REqEUiPhm05B9EDNexPxP6+d6OCyk7IwTjSEdPZRkHCsIzzJBfeYBKr5yBBCJTO7YjogklBt0iuYENz5kxdJ47zklktXt+Vi5TqLI48O0BE6QS66QBVURTVURxQ9omf0it6sJ+vFerc+Zq05K5vZR39gff4A8+qZxg==</latexit>

GO

R(t, x) = i ✓(t) tr (⇢� [O(t, x),O(0, 0)])
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in a holographic
CFT:

hydrodynamics

transients

The response is encoded in singularities in     of                 at fixed value of p
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Bjorken flow in holographic CFTs
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x0

x1

⌧ = 0

⌧ > 0

1302.0697 with Janik and Witaszczyk, see also 1810.07130 by Aniceto, Meiring, Jankowski and Spaliński 

In Bjorken flow in a CFT symmetries fix                   and the dynamics lies in
a single function of a single dimensionless variable:  

uµ@µ = @⌧
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A(w ⇠ ⌧ E1/4) ⌘ PT � PL
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Since              , on-shell gradient expansion: rµu
µ ⇠ 1

⌧

<latexit sha1_base64="7F4LffNyxsUsZzfOCDPtDKyl9DE=">AAACEXicbVC7SgNBFJ31bXytWtoMBiFV2BVBbSRgY6lgHpCN4e5kNhmcmV3mIYRlf8HGX7GxUMTWzs6/cfIoNPHA5R7OuZeZe+KMM22C4NtbWFxaXlldWy9tbG5t7/i7ew2dWkVonaQ8Va0YNOVM0rphhtNWpiiImNNmfH858psPVGmWylszzGhHQF+yhBEwTur6lUhCzKGbR8IW2N5NeqSZwFGigORhkUcGbNH1y0E1GAPPk3BKymiK667/FfVSYgWVhnDQuh0GmenkoAwjnBalyGqaAbmHPm07KkFQ3cnHFxX4yCk9nKTKlTR4rP7eyEFoPRSxmxRgBnrWG4n/eW1rkrNOzmRmDZVk8lBiOTYpHsWDe0xRYvjQESCKub9iMgAXhHEhllwI4ezJ86RxXA1Pquc3J+XaxTSONXSADlEFhegU1dAVukZ1RNAjekav6M178l68d+9jMrrgTXf20R94nz9dlJ3/</latexit>

A(w) ⇡
1X

n=1

an
wn

=
⇣
⇠ ⌘

s

⌘ 1

w
+ . . .

<latexit sha1_base64="xRdqYHwXCoA81EO8WQ2LEFDdS8Y="></latexit>

Borel-Padé
reveals transients

We calculated up to n = 240
terms using 2013 state of the art

numerical relativity in AdS5
and found out vanishing radius

      of convergence:     an =
�(n+ �)

An

<latexit sha1_base64="xuYXcpvxbZZqSWUu1N58F0pEzNM=">AAACEHicbVDLSgMxFM34rPVVdekmWERFKDNS0C6EigtdVrAP6NRyJ83U0CQzJBmhDPMJbvwVNy4UcevSnX9j+lj4OhA4nHMuN/cEMWfauO6nMzM7N7+wmFvKL6+srq0XNjYbOkoUoXUS8Ui1AtCUM0nrhhlOW7GiIAJOm8HgfOQ376jSLJLXZhjTjoC+ZCEjYKzULexBN5UZPsV+qICk/gUIAfsSH2I/oAYOsvTsxgaybqHoltwx8F/iTUkRTVHrFj78XkQSQaUhHLRue25sOikowwinWd5PNI2BDKBP25ZKEFR30vFBGd61Sg+HkbJPGjxWv0+kILQeisAmBZhb/dsbif957cSEJ52UyTgxVJLJojDh2ER41A7uMUWJ4UNLgChm/4rJLdhmjO0wb0vwfp/8lzSOSl65VLkqF6uVaR05tI120D7y0DGqoktUQ3VE0D16RM/oxXlwnpxX520SnXGmM1voB5z3L1E0nCU=</latexit>



Trans-series for Bjorken flow in a simple model
1503. 07114 with Spaliński, see also 1509.05046 by Basar and Dunne

The key insight: in Bjorken flow the gradient expansion and transients form a 
trans-series in which the gradient expansion is perturbative in the “coupling 
constant”        and transient are non-perturbative and behave as 1

w

<latexit sha1_base64="m5pkwGVsYprjIZ75vfsYGGA37xQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoL0VvHisYD8gDWWz3bRLN7thd6KUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBlz32yltbG5t75R3K3v7B4dH1eOTrlGppqxDlVC6HxLDBJesAxwE6yeakTgUrBdOb+d+75Fpw5V8gFnCgpiMJY84JWAlfxBpQjMvz57yYbXm1t0F8DrxClJDBdrD6tdgpGgaMwlUEGN8z00gyIgGTgXLK4PUsITQKRkz31JJYmaCbHFyji+sMsKR0rYk4IX6eyIjsTGzOLSdMYGJWfXm4n+en0J0E2RcJikwSZeLolRgUHj+Px5xzSiImSWEam5vxXRCbApgU6rYELzVl9dJ96ruNerN+0at1SziKKMzdI4ukYeuUQvdoTbqIIoUekav6M0B58V5dz6WrSWnmDlFf+B8/gCjRJF7</latexit>

exp

✓
� 1

1
w

◆

<latexit sha1_base64="b1eboPbUGOp6qVYw11BxkQUlwDY=">AAACEnicbZDJSgNBEIZ74hbjFvXoZTAIycEwIwHNLeDFYwSzQCaEnk5N0qRnobtGDcM8gxdfxYsHRbx68ubb2FkQTfyh4eOvKqrrdyPBFVrWl5FZWV1b38hu5ra2d3b38vsHTRXGkkGDhSKUbZcqEDyABnIU0I4kUN8V0HJHl5N66xak4mFwg+MIuj4dBNzjjKK2evmSA/dR4gjwsHjqeJKyxE6TH7hLU0fywRBLaS9fsMrWVOYy2HMokLnqvfyn0w9Z7EOATFClOrYVYTehEjkTkOacWEFE2YgOoKMxoD6objI9KTVPtNM3vVDqF6A5dX9PJNRXauy7utOnOFSLtYn5X60To3fRTXgQxQgBmy3yYmFiaE7yMftcAkMx1kCZ5PqvJhtSHQfqFHM6BHvx5GVonpXtSrl6XSnUqvM4suSIHJMisck5qZErUicNwsgDeSIv5NV4NJ6NN+N91pox5jOH5I+Mj29oV56R</latexit>

To conclude this, we simplified the problem and considered a model, which 
has only one transient and produces a first order ODE for        . We got:A(w)

<latexit sha1_base64="Vf5ubC7mQajNgsrFs3ResBJh640=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSLUS9mVgvZW8eKxgv2A7VKyabYNzSZLklXK0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhQln2rjut7O2vrG5tV3YKe7u7R8clo6O21qmitAWkVyqbog15UzQlmGG026iKI5DTjvh+Hbmdx6p0kyKBzNJaBDjoWARI9hYyc96BHN0M608XfRLZbfqzoFWiZeTMuRo9ktfvYEkaUyFIRxr7XtuYoIMK8MIp9NiL9U0wWSMh9S3VOCY6iCbnzxF51YZoEgqW8Kgufp7IsOx1pM4tJ0xNiO97M3E/zw/NdF1kDGRpIYKslgUpRwZiWb/owFTlBg+sQQTxeytiIywwsTYlIo2BG/55VXSvqx6tWr9vlZu1PM4CnAKZ1ABD66gAXfQhBYQkPAMr/DmGOfFeXc+Fq1rTj5zAn/gfP4ASZaQmA==</latexit>

multiples of leading transient
due to nonlinearity of the ODE

with

Borel-Padé
for m = 0

<latexit sha1_base64="cM8dL8jqGh6uNWOZ+ILE7ZNxYJw=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoD0IBS8eK5i20Iay2W7apbubsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz86KUM20879spbWxube+Udyt7+weHR+7xSVsnmSI0IAlPVDfCmnImaWCY4bSbKopFxGknmtzN/c4TVZol8tFMUxoKPJIsZgQbKwUC3SJv4Fa9mrcAWid+QapQoDVwv/rDhGSCSkM41rrne6kJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHsDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8XmbimzBnMs0MlWS5KM44Mgmaf46GTFFi+NQSTBSztyIyxgoTY/Op2BD81ZfXSfuq5tdrjYd6tdko4ijDGZzDJfhwDU24hxYEQIDBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AXNUjck=</latexit>

single trans-series parameter

6/13



Bjorken flow in kinetic theory

7/13

The previous devs concerned strong coupling physics

It was then natural to ask what happens at weak coupling         kinetic theory

kµ@µf ⇠ 1

⌧rel
(f � feq)

<latexit sha1_base64="HyTMn4wGCC6oagZh9bN8CXI28AA="></latexit>

In the relaxation time approximation kinetic theory for            one getsf(x, k)

<latexit sha1_base64="7n0+W13kpfXKKVZd8tb2vEUPzjQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKWhvBS8eK9gPaJeSTbNtbDZZkqxYlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8ammZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H45uZ336kSjMp7s0kpn6Eh4KFjGBjpVZYfroYn/eLJbfizoFWiZeREmRo9ItfvYEkSUSFIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUoEjqv10fu0UnVllgEKpbAmD5urviRRHWk+iwHZG2Iz0sjcT//O6iQmv/ZSJODFUkMWiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSwIXjLL6+S1mXFq1Zqd9VSvZbFkYcTOIUyeHAFdbiFBjSBwAM8wyu8OdJ5cd6dj0VrzslmjuEPnM8fnxqOfw==</latexit>

⌧rel ⇠
1

T

<latexit sha1_base64="fBXeHOnerhc6PctiqFJQNTbl8SQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KIoL0VvHis0C9oQtlsJ+3S3STsboQScvDiX/HiQRGv/ghv/hu3bQ7a+mDg8d4MM/OChDOlHefbKm1sbm3vlHcre/sHh0f28UlXxamk0KExj2U/IAo4i6CjmebQTyQQEXDoBdPbud97AKlYHLX1LAFfkHHEQkaJNtLQrnqapMNMAs+xp5jAXigJzdw8a+dDu+bUnQXwOnELUkMFWkP7yxvFNBUQacqJUgPXSbSfEakZ5ZBXvFRBQuiUjGFgaEQEKD9bPJHjc6OMcBhLU5HGC/X3REaEUjMRmE5B9EStenPxP2+Q6vDGz1iUpBoiulwUphzrGM8TwSMmgWo+M4RQycytmE6ISUGb3ComBHf15XXSvay7V/XG/VWt2SjiKKMqOkMXyEXXqInuUAt1EEWP6Bm9ojfryXqx3q2PZWvJKmZO0R9Ynz/8yZhO</latexit>

with

Borel-Padé
A(w) ⇡

200X

n=1

an
wn

<latexit sha1_base64="+m0tQ6qckOv5xkZDDoiRLYZR1m8="></latexit>

The singularities on the real axis are transients, but what are the other ones?

1609.04803v1 with Kurkela and Spaliński



> 2017: “ghost modes”



Towards resolution of the kinetic theory puzzle

8/13

1802.08225 with Svensson 

If the additional singularities are transients, then we should see them in the 
evolution. For             they would be subleading                          :⌧rel ⇠

1

T

<latexit sha1_base64="fBXeHOnerhc6PctiqFJQNTbl8SQ=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KIoL0VvHis0C9oQtlsJ+3S3STsboQScvDiX/HiQRGv/ghv/hu3bQ7a+mDg8d4MM/OChDOlHefbKm1sbm3vlHcre/sHh0f28UlXxamk0KExj2U/IAo4i6CjmebQTyQQEXDoBdPbud97AKlYHLX1LAFfkHHEQkaJNtLQrnqapMNMAs+xp5jAXigJzdw8a+dDu+bUnQXwOnELUkMFWkP7yxvFNBUQacqJUgPXSbSfEakZ5ZBXvFRBQuiUjGFgaEQEKD9bPJHjc6OMcBhLU5HGC/X3REaEUjMRmE5B9EStenPxP2+Q6vDGz1iUpBoiulwUphzrGM8TwSMmgWo+M4RQycytmE6ISUGb3ComBHf15XXSvay7V/XG/VWt2SjiKKMqOkMXyEXXqInuUAt1EEWP6Bm9ojfryXqx3q2PZWvJKmZO0R9Ynz/8yZhO</latexit>

⌧rel ⇠
1

T�

<latexit sha1_base64="LlWWNibtiBD8S828IyoI8DtjRRw=">AAACDXicbVDJSgNBEO1xjXGLevTSGAVPYUYCmltADx4jZINMDD2dmqRJz0J3jRCG+QEv/ooXD4p49e7Nv7GzHDTxQcHjvSqq6nmxFBpt+9taWV1b39jMbeW3d3b39gsHh00dJYpDg0cyUm2PaZAihAYKlNCOFbDAk9DyRtcTv/UASosorOM4hm7ABqHwBWdopF7h1EWW9FIFMqOuFgF1fcV46mRp/T51b0Aiy7JeoWiX7CnoMnHmpEjmqPUKX24/4kkAIXLJtO44dozdlCkUXEKWdxMNMeMjNoCOoSELQHfT6TcZPTNKn/qRMhUinaq/J1IWaD0OPNMZMBzqRW8i/ud1EvSvuqkI4wQh5LNFfiIpRnQSDe0LBRzl2BDGlTC3Uj5kJg40AeZNCM7iy8ukeVFyyqXKXblYrczjyJFjckLOiUMuSZXckhppEE4eyTN5JW/Wk/VivVsfs9YVaz5zRP7A+vwBMSucRA==</latexit>

in this range of      the additional singularity would be 
the dominant transient effect, but our very accurate 
solution of kinetic theory did not see any trace of them

�

<latexit sha1_base64="mVT4MO9+bgexaAq8o2AiFcBcDGg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoL0V9OCxgq2FNpTNdtKu3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp75D0+oNI/lvZkk6Ed0KHnIGTVWavduUBjaL1fcqjsHWSVeTiqQo9kvf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m187JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEV37GZZIalGyxKEwFMTGZvU4GXCEzYmIJZYrbWwkbUUWZsQGVbAje8surpH1R9WrV+l2t0qjncRThBE7hHDy4hAbcQhNawOARnuEV3pzYeXHenY9Fa8HJZ47hD5zPH2G3jv8=</latexit>



Solution of the kinetic theory puzzle

9/13

1609.04803v2 with Kurkela, Spaliński and Svensson (online on 22 Feb 2018)

Our kinetic theory admits an integral equation representation for        :E(⌧)

<latexit sha1_base64="Qt2MiRo0xOeN15VUY9/p6o+Z7NE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAppbQASPEcwDsmvonUySIbMPZmaVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7/FhwpW3728qtrW9sbuW3Czu7e/sHxcOjlooSSVmTRiKSHR8VEzxkTc21YJ1YMgx8wdr++Hrmtx+ZVDwK7/UkZl6Aw5APOEVtpIfUpSjIzbTsakzOe8WSXbHnIKvEyUgJMjR6xS+3H9EkYKGmApXqOnasvRSl5lSwacFNFIuRjnHIuoaGGDDlpfOrp+TMKH0yiKSpUJO5+nsixUCpSeCbzgD1SC17M/E/r5vowZWX8jBONAvpYtEgEURHZBYB6XPJqBYTQ5BKbm4ldIQSqTZBFUwIzvLLq6R1UXGqldpdtVSvZXHk4QROoQwOXEIdbqEBTaAg4Rle4c16sl6sd+tj0Zqzsplj+APr8weWvZHp</latexit>

E(⌧) exp
✓Z ⌧

⌧0

d⌧ 0

⌧rel(⌧ 0)

◆
= E0(⌧) +

Z ⌧

⌧0

d⌧ 0

⌧rel(⌧ 0)
H

✓
⌧
0

⌧

◆
E(⌧ 0) exp

 Z ⌧ 0

⌧0

d⌧ 00

⌧rel(⌧ 00)

!

<latexit sha1_base64="B5NpmaJI9g5yPayPKDsY55Hjl/s="></latexit><latexit sha1_base64="B5NpmaJI9g5yPayPKDsY55Hjl/s="></latexit><latexit sha1_base64="B5NpmaJI9g5yPayPKDsY55Hjl/s="></latexit>

Physical contour of integration in    is homologous to the real axis and this is 
how we solved the initial value problem

⌧

<latexit sha1_base64="uiWxB5ej/kcuG47RuUaHhQymY7Y=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjxWsB/QhrLZbtqlu0nYnQgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGSxHxNgqUvJdoTlUgeTeY3uV+94lrI+LoEWcJ9xUdRyIUjGIuDZCmw2rNrbsLkHXiFaQGBVrD6tdgFLNU8QiZpMb0PTdBP6MaBZN8XhmkhieUTemY9y2NqOLGzxa3zsmFVUYkjLWtCMlC/T2RUWXMTAW2U1GcmFUvF//z+imGt34moiRFHrHlojCVBGOSP05GQnOGcmYJZVrYWwmbUE0Z2ngqNgRv9eV10rmqe9f1xsN1rdko4ijDGZzDJXhwA024hxa0gcEEnuEV3hzlvDjvzseyteQUM6fwB87nDyJYjks=</latexit>

Resurgence knows about nontrivial 
contour deformations, which provide 
access to singularities in            . They 
lead precisely to the additional cuts:

H

✓
⌧
0

⌧

◆

<latexit sha1_base64="1d/KBVVsDWZddcDQppmnigjIp40=">AAACCXicbVDLSsNAFJ34rPUVdelmsIh1UxIpaHcFN11WsA9oQplMJ+3QyYOZG6GEbN34K25cKOLWP3Dn3zhNs9DWA5d7OOdeZu7xYsEVWNa3sba+sbm1Xdop7+7tHxyaR8ddFSWSsg6NRCT7HlFM8JB1gINg/VgyEniC9bzp7dzvPTCpeBTewyxmbkDGIfc5JaCloYlbjmA+VB1fEpo6QJKLLG+ZI/l4ApdDs2LVrBx4ldgFqaAC7aH55YwimgQsBCqIUgPbisFNiQROBcvKTqJYTOiUjNlA05AETLlpfkmGz7Uywn4kdYWAc/X3RkoCpWaBpycDAhO17M3F/7xBAv6Nm/IwToCFdPGQnwgMEZ7HgkdcMgpipgmhkuu/YjohOhPQ4ZV1CPbyyauke1Wz67XGXb3SbBRxlNApOkNVZKNr1EQt1EYdRNEjekav6M14Ml6Md+NjMbpmFDsn6A+Mzx/HsZpj</latexit>



> 2017: mode collisions



Fourier space statement: mode collisions

10/13

1803.08058 by Withers; 1904.01018 and 1904.12862 by Grozdanov, Kovtun, Starinets, Tadić

At the level of the linear response theory, hydrodynamic gradient expansion 
leads to the expansion of hydrodynamic mode frequencies     in   , e.g.p

<latexit sha1_base64="vZ0CiObnD5Vxt5n20dqe5YrCNGs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjIoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IS3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1rqu15nWlXsvjKMIZnMMleHADdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP20SM9w==</latexit>

!h

<latexit sha1_base64="I0GlH8opnkxQPD2Bm8fXnkPXRVI=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQHMLePEYwTwwWcLspDcZMo9lZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqCi2quNLdiBjgTELLMsuhm2ggIuLQiSa3c7/zBNowJR/sNIFQkJFkMaPEOumxrwSMyCAbzwblil/1F8DrJMhJBeVoDspf/aGiqQBpKSfG9AI/sWFGtGWUw6zUTw0khE7ICHqOSiLAhNni4hm+cMoQx0q7khYv1N8TGRHGTEXkOgWxY7PqzcX/vF5q45swYzJJLUi6XBSnHFuF5+/jIdNALZ86Qqhm7lZMx0QTal1IJRdCsPryOmlfVYNatX5fqzTqeRxFdIbO0SUK0DVqoDvURC1EkUTP6BW9ecZ78d69j2VrwctnTtEfeJ8/1tiRBQ==</latexit>

!h

<latexit sha1_base64="I0GlH8opnkxQPD2Bm8fXnkPXRVI=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQHMLePEYwTwwWcLspDcZMo9lZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqCi2quNLdiBjgTELLMsuhm2ggIuLQiSa3c7/zBNowJR/sNIFQkJFkMaPEOumxrwSMyCAbzwblil/1F8DrJMhJBeVoDspf/aGiqQBpKSfG9AI/sWFGtGWUw6zUTw0khE7ICHqOSiLAhNni4hm+cMoQx0q7khYv1N8TGRHGTEXkOgWxY7PqzcX/vF5q45swYzJJLUi6XBSnHFuF5+/jIdNALZ86Qqhm7lZMx0QTal1IJRdCsPryOmlfVYNatX5fqzTqeRxFdIbO0SUK0DVqoDvURC1EkUTP6BW9ecZ78d69j2VrwctnTtEfeJ8/1tiRBQ==</latexit>

+ . . .

<latexit sha1_base64="638GYG9n/OBfneIfRB73agASf/s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBe2t4MVjBVsLbSibzaZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+P2ibJNOMtlshEdwJquBSKt1Cg5J1UcxoHkj8Eo5uZ//DEtRGJusdxyv2YDpSIBKNopc4F6ckwQdMvV9yqOwdZJV5OKpCj2S9/9cKEZTFXyCQ1puu5KfoTqlEwyaelXmZ4StmIDnjXUkVjbvzJ/N4pObNKSKJE21JI5urviQmNjRnHge2MKQ7NsjcT//O6GUbX/kSoNEOu2GJRlEmCCZk9T0KhOUM5toQyLeythA2ppgxtRCUbgrf88ippX1a9WrV+V6s06nkcRTiBUzgHD66gAbfQhBYwkPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDetCPmg==</latexit>

p

<latexit sha1_base64="vZ0CiObnD5Vxt5n20dqe5YrCNGs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjIoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IS3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1rqu15nWlXsvjKMIZnMMleHADdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP20SM9w==</latexit>

p

<latexit sha1_base64="vZ0CiObnD5Vxt5n20dqe5YrCNGs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0N4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjIoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IS3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1rqu15nWlXsvjKMIZnMMleHADdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucP20SM9w==</latexit>

The quoted works showed that this expansion has a finite radius of 
convergence set by the smallest       for which |p⇤|

<latexit sha1_base64="uccu0C3c/5Z+6FpO/Ez0VB0P5Rs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBPJRdKdTeCl48VrAf0i4lm2bb0CS7JFmhbPsrvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6d++0nqjSL5IOZxNQXeChZyAg2VnqcorifXs3QtF8suWV3AbROvIyUIEOjX/zqDSKSCCoN4VjrrufGxk+xMoxwOiv0Ek1jTMZ4SLuWSiyo9tPFwTN0YZUBCiNlSxq0UH9PpFhoPRGB7RTYjPSqNxf/87qJCW/8lMk4MVSS5aIw4chEaP49GjBFieETSzBRzN6KyAgrTIzNqGBD8FZfXiet67JXKdfuK6V6LYsjD2dwDpfgQRXqcAcNaAIBAc/wCm+Ocl6cd+dj2ZpzsplT+APn8wcwGZAA</latexit>

!h(p⇤) = !some transient(p⇤)

<latexit sha1_base64="fsF8pZagfGYV9y5SsE0er+YFNN0=">AAACHnicbVBdS8MwFE3n15xfVR99CQ5hioxWJroHYeCLjxPcB6ylpFm6haVpSVJhlP4SX/wrvvigiOCT/huzrQOdHgg5nHPvTe7xY0alsqwvo7C0vLK6VlwvbWxube+Yu3ttGSUCkxaOWCS6PpKEUU5aiipGurEgKPQZ6fij64nfuSdC0ojfqXFM3BANOA0oRkpLnnnuRCEZIC8dZpXYS0+yY3gF55rUN3ROoRKIS0q4mtd4ZtmqWlPAv8TOSRnkaHrmh9OPcBLqGZghKXu2FSs3RUJRzEhWchJJYoRHaEB6mnIUEumm0/UyeKSVPgwioQ9XcKr+7EhRKOU49HVliNRQLnoT8T+vl6jg0k0pjxNFOJ49FCQMqghOsoJ9KghWbKwJwoLqv0I8RAJhpRMt6RDsxZX/kvZZ1a5V67e1cqOex1EEB+AQVIANLkAD3IAmaAEMHsATeAGvxqPxbLwZ77PSgpH37INfMD6/AUutofU=</latexit>

For example, in the simple model we considered in 1503. 07114 with Spaliński based 
on 0712.2451 by Baier, Romatschke, Son, Starinets, Stephanov with only 1 transient one has

!h = i
�1 +

p
1� 4 ⌘

s T ⌧⇡ p2

2 ⌧⇡

<latexit sha1_base64="Gg42Y0UIpZQ92XXDO/9L4/zXmWc="></latexit>

and !transient = i
�1�

p
1� 4 ⌘

s T ⌧⇡ p2

2 ⌧⇡

<latexit sha1_base64="Tmb5DuHWEydnzZRZNyaq0IXuAEk="></latexit>

In this case      is real and equals p⇤

<latexit sha1_base64="0DNlsE/3WK3LbKaBPwRbv/xFNUU=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBHEQ9mVgvZW8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vG62tb2xubRd2irt7+weHpaPjllGppqxJlVC6ExLDBJesabkVrJNoRuJQsHY4vp357SemDVfywU4SFsRkKHnEKbFOaiX97HKK+6WyV/HmwKvEz0kZcjT6pa/eQNE0ZtJSQYzp+l5ig4xoy6lg02IvNSwhdEyGrOuoJDEzQTa/dorPnTLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKroQ/OWXV0nrquJXK7X7arley+MowCmcwQX4cA11uIMGNIHCIzzDK7whhV7QO/pYtK6hfOYE/gB9/gAR+o7K</latexit>

±1

2

s
s T

⌘ ⌧⇡

<latexit sha1_base64="L9lUwIDc/b/ObTq+qhRnhG8v/kY=">AAACIXicbZDNSgMxFIUz9b/+VV26CRbBhZSZIqg7wY1LhVaFpgyZNGNDk5kxuSOUMK/ixldx40KR7sSXMdN2oa0HAh/n3svNPVEmhQHf//IqC4tLyyura9X1jc2t7drO7q1Jc814m6Uy1fcRNVyKhLdBgOT3meZURZLfRYPLsn73xLURadKCYca7ij4kIhaMgrPC2hnJFCaxpswGhW0WmJhHDXbiGEyOcauwhAMtkQDNQ0syURRFWKv7DX8sPA/BFOpoquuwNiK9lOWKJ8AkNaYT+Bl0LdUgmORFleSGZ5QN6APvOEyo4qZrxxcW+NA5PRyn2r0E8Nj9PWGpMmaoItepKPTNbK00/6t1cojPulYkWQ48YZNFcS4xpLiMC/eE5gzk0AFlWri/YtanLhxwoVZdCMHsyfNw22wEJ43zm5P6xfk0jlW0jw7QEQrQKbpAV+gatRFDz+gVvaMP78V78z690aS14k1n9tAfed8/k3+jxw==</latexit>



> 2017: gradient expansion without symmetries



Basic idea
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Linearized hydrodynamics,                    and               , allows us to 
overcome the need of high symmetry, as was the case for the Bjorken flow

2007.05524 with Serantes, Spaliński, Svensson, Withers

As we realized, in linearized hydrodynamics the hydrodynamic constitutive 
relations can be written as only three contributions at each order                          

E = E0 + ✏

<latexit sha1_base64="/4GOzl1lmDAg2aiHXBab1kQ5lV0=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4sgCCWRgnYhFERwWcE+oAllMr1ph04ezEyEErJ346+4caGIW3/AnX/jpI2grQcGDuecy5173IgzqUzzyyisrK6tbxQ3S1vbO7t75f2DjgxjQaFNQx6KnkskcBZAWzHFoRcJIL7LoetOrjK/ew9CsjC4U9MIHJ+MAuYxSpSWBuVKYlPC8XWKL/EPHSRmik+xDZFkPAtVzZo5A14mVk6qKEdrUP60hyGNfQgU5UTKvmVGykmIUIxySEt2LCEidEJG0Nc0ID5IJ5ndkuJjrQyxFwr9AoVn6u+JhPhSTn1XJ32ixnLRy8T/vH6svAsnYUEUKwjofJEXc6xCnBWDh0wAVXyqCaGC6b9iOiaCUKXrK+kSrMWTl0nnrGbVa43berXZyOsooiNUQSfIQueoiW5QC7URRQ/oCb2gV+PReDbejPd5tGDkM4foD4yPb739mZk=</latexit>

uµ@µ = @t + uj@j

<latexit sha1_base64="V3siwZf9zBuTqmmBr7nFue+Tq/Q=">AAACI3icbVBNS8MwGE7n15xfVY9egkMQhNHKQCcIAy8eJ7gPWGtJs3TLlrQlSYVR+l+8+Fe8eFCGFw/+F9Nth7n5QODJ8z7vm7yPHzMqlWV9G4W19Y3NreJ2aWd3b//APDxqySgRmDRxxCLR8ZEkjIakqahipBMLgrjPSNsf3eX19jMRkkbhoxrHxOWoH9KAYqS05Jk3yVPq8CSDToyEooh5s+vtgqAyeAG1b7joGmaeWbYq1hRwldhzUgZzNDxz4vQinHASKsyQlF3bipWb5hMxI1nJSSSJER6hPulqGiJOpJtOd8zgmVZ6MIiEPqGCU3WxI0VcyjH3tZMjNZDLtVz8r9ZNVHDtpjSME0VCPHsoSBhUEcwDgz0qCFZsrAnCguq/QjxAAmGlYy3pEOzllVdJ67JiVyu1h2q5XpvHUQQn4BScAxtcgTq4Bw3QBBi8gDfwAT6NV+PdmBhfM2vBmPccgz8wfn4BXvWlVA==</latexit>

with

Moreover, the properties of           etc determined by      :A(@2)

<latexit sha1_base64="kFlg2VXwOKKWIRahzoFV8AkuOhk=">AAAB9HicbVDLTgIxFL2DL8QX6tJNIzHBDZkhJMoO48YlJvJIYCSd0oGGTmdsOyRkwne4caExbv0Yd/6NHZiFgie5yck597b3Hi/iTGnb/rZyG5tb2zv53cLe/sHhUfH4pK3CWBLaIiEPZdfDinImaEszzWk3khQHHqcdb3Kb+p0plYqF4kHPIuoGeCSYzwjWRnJvyv0IS80wf6xeDoolu2IvgNaJk5ESZGgOil/9YUjigApNOFaq59iRdpP0QcLpvNCPFY0wmeAR7RkqcECVmyyWnqMLowyRH0pTQqOF+nsiwYFSs8AznQHWY7XqpeJ/Xi/W/rWbMBHFmgqy/MiPOdIhShNAQyYp0XxmCCaSmV0RGWOJiTY5FUwIzurJ66RdrTi1Sv2+VmrUszjycAbnUAYHrqABd9CEFhB4gmd4hTdrar1Y79bHsjVnZTOn8AfW5w+6SZFq</latexit>

!h

<latexit sha1_base64="I0GlH8opnkxQPD2Bm8fXnkPXRVI=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQHMLePEYwTwwWcLspDcZMo9lZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqCi2quNLdiBjgTELLMsuhm2ggIuLQiSa3c7/zBNowJR/sNIFQkJFkMaPEOumxrwSMyCAbzwblil/1F8DrJMhJBeVoDspf/aGiqQBpKSfG9AI/sWFGtGWUw6zUTw0khE7ICHqOSiLAhNni4hm+cMoQx0q7khYv1N8TGRHGTEXkOgWxY7PqzcX/vF5q45swYzJJLUi6XBSnHFuF5+/jIdNALZ86Qqhm7lZMx0QTal1IJRdCsPryOmlfVYNatX5fqzTqeRxFdIbO0SUK0DVqoDvURC1EkUTP6BW9ecZ78d69j2VrwctnTtEfeJ8/1tiRBQ==</latexit>

A(@2) = i s T !h

��
p2=�@2

<latexit sha1_base64="XpxTOstL7ObyoOvfB0h/iMcthrY="></latexit>

This allows to translate the properties of the expansion of          when acting
on a solution to the properties of      and      , as well as 

A(@2)

<latexit sha1_base64="kFlg2VXwOKKWIRahzoFV8AkuOhk=">AAAB9HicbVDLTgIxFL2DL8QX6tJNIzHBDZkhJMoO48YlJvJIYCSd0oGGTmdsOyRkwne4caExbv0Yd/6NHZiFgie5yck597b3Hi/iTGnb/rZyG5tb2zv53cLe/sHhUfH4pK3CWBLaIiEPZdfDinImaEszzWk3khQHHqcdb3Kb+p0plYqF4kHPIuoGeCSYzwjWRnJvyv0IS80wf6xeDoolu2IvgNaJk5ESZGgOil/9YUjigApNOFaq59iRdpP0QcLpvNCPFY0wmeAR7RkqcECVmyyWnqMLowyRH0pTQqOF+nsiwYFSs8AznQHWY7XqpeJ/Xi/W/rWbMBHFmgqy/MiPOdIhShNAQyYp0XxmCCaSmV0RGWOJiTY5FUwIzurJ66RdrTi1Sv2+VmrUszjycAbnUAYHrqABd9CEFhB4gmd4hTdrar1Y79bHsjVnZTOn8AfW5w+6SZFq</latexit>

!h

<latexit sha1_base64="N/2kt2qdFxf0Y04NFKaE6g3FIaE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQHMLePEYwTwkWcLsZDYZMo9lZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ETaUM0lblllOu4mmWEScdqLJ7dzvPFFtmJIPdprQUOCRZDEj2Drpsa8EHeHBGA3KFb/qL4DWSZCTCuRoDspf/aEiqaDSEo6N6QV+YsMMa8sIp7NSPzU0wWSCR7TnqMSCmjBbHDxDF04ZolhpV9Kihfp7IsPCmKmIXKfAdmxWvbn4n9dLbXwTZkwmqaWSLBfFKUdWofn3aMg0JZZPHcFEM3crImOsMbEuo5ILIVh9eZ20r6pBrVq/r1Ua9TyOIpzBOVxCANfQgDtoQgsICHiGV3jztPfivXsfy9aCl8+cwh94nz9mu5Aj</latexit>

|p⇤|

<latexit sha1_base64="vJuDX11TVefXm6ZCSZGTQjVi2Sg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRZBPJRdKWhvBS8eK9gPaJeSTbNtaDYbkqxQtv0RXjwo4tXf481/Y7bdg7Y+GHi8N8PMvEBypo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxoghtkZjHqhtgTTkTtGWY4bQrFcVRwGknmNxlfueJKs1i8WimkvoRHgkWMoKNlTozOUiv5rNBueJW3QXQOvFyUoEczUH5qz+MSRJRYQjHWvc8Vxo/xcowwum81E80lZhM8Ij2LBU4otpPF+fO0YVVhiiMlS1h0EL9PZHiSOtpFNjOCJuxXvUy8T+vl5jw1k+ZkImhgiwXhQlHJkbZ72jIFCWGTy3BRDF7KyJjrDAxNqGSDcFbfXmdtK+rXq1af6hVGvU8jiKcwTlcggc30IB7aEILCEzgGV7hzZHOi/PufCxbC04+cwp/4Hz+AIE/j6w=</latexit>

uj(p)

<latexit sha1_base64="F735wZYZ0mn5pI5mmDUaXaZC5Xc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFLS3ghePFewHtGvJptk2NpuNSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF0jOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdQKsKWeCNg0znHakojgKOG0H4+uZ336iSrNY3JmJpH6Eh4KFjGBjpU5ynz5My/K8Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m9U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2fNowBQlhk8swUQxeysiI6wwMTaigg3BW355lbQuKl61Urutluq1LI48nMAplMGDS6jDDTSgCQQ4PMMrvDmPzovz7nwsWnNONnMMf+B8/gC8uo/D</latexit>



Real space example
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2007.05524 with Serantes, Spaliński, Svensson, Withers

Let us take 0712.2451 by Baier, Romatschke, Son, Starinets, Stephanov:

!h = i
�1 +

p
1� 4 ⌘

s T ⌧⇡ p2

2 ⌧⇡

<latexit sha1_base64="Gg42Y0UIpZQ92XXDO/9L4/zXmWc="></latexit>

and !transient = i
�1�

p
1� 4 ⌘

s T ⌧⇡ p2

2 ⌧⇡

<latexit sha1_base64="Tmb5DuHWEydnzZRZNyaq0IXuAEk="></latexit>

We look at  the initial conditions                 , @tu1(0, p) =
1

2⇡
e�

1
2�

2p2

⇥(p2max � p2)

<latexit sha1_base64="bLjd96LWhu7alRCISTYJW3ZSuho="></latexit>

u1(0, p) = 0

<latexit sha1_base64="wyCbaw+FzH6vvSvNf2YVBQSLDOc=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJUkLIrBe1BKHjxWMF+QLuWbJptQ7PZkGSVsvR/ePGgiFf/izf/jWm7B219MPB4b4aZeYHkTBvX/XZWVtfWNzZzW/ntnd29/cLBYVPHiSK0QWIeq3aANeVM0IZhhtO2VBRHAaetYHQz9VuPVGkWi3szltSP8ECwkBFsrPSQ9FJvUnLP5Rm6Rm6vUHTL7gxomXgZKUKGeq/w1e3HJImoMIRjrTueK42fYmUY4XSS7yaaSkxGeEA7lgocUe2ns6sn6NQqfRTGypYwaKb+nkhxpPU4CmxnhM1QL3pT8T+vk5jwyk+ZkImhgswXhQlHJkbTCFCfKUoMH1uCiWL2VkSGWGFibFB5G4K3+PIyaV6UvUq5elcp1qpZHDk4hhMogQeXUINbqEMDCCh4hld4c56cF+fd+Zi3rjjZzBH8gfP5A+kckNA=</latexit>

consider                                                   with      having           derivatives:⇧1,3(t, x) = A(@2
x) @xu1(t, x) =

1X

n=0

�n

<latexit sha1_base64="IrK613ZOdPacM47wjNjc+3ho4XE="></latexit>

�n

<latexit sha1_base64="/osPaBWF5NU4LdeIigj6tDon6YI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoL0VvHisYD+wDWWzmbZLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkdu53nkAbEasHnCbgR2ykxFBwhlZ67IcgkQ0yNRuUK27VXYCuEy8nFZKjOSh/9cOYpxEo5JIZ0/PcBP2MaRRcwqzUTw0kjE/YCHqWKhaB8bPFxTN6YZWQDmNtSyFdqL8nMhYZM40C2xkxHJtVby7+5/VSHN74mVBJiqD4ctEwlRRjOn+fhkIDRzm1hHEt7K2Uj5lmHG1IJRuCt/ryOmlfVb1atX5fqzTqeRxFckbOySXxyDVpkDvSJC3CiSLP5JW8OcZ5cd6dj2VrwclnTskfOJ8/4VWRDA==</latexit>

2n+ 1

<latexit sha1_base64="RxQdg8uNkVQJMHjydo05p7y3mG0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRZBEMpuKdTeCl48VrAf0C4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKW9s7u3vF/dLB4dHxSfn0rKujRBHaIRGPVD/AmnImaccww2k/VhSLgNNeMLvL/N4TVZpF8tHMY+oLPJEsZASbTKrJG29UrrhVdwm0SbycVCBHe1T+Go4jkggqDeFY64HnxsZPsTKMcLooDRNNY0xmeEIHlkosqPbT5a0LdGWVMQojZUsatFR/T6RYaD0Xge0U2Ez1upeJ/3mDxIS3fspknBgqyWpRmHBkIpQ9jsZMUWL43BJMFLO3IjLFChNj4ynZELz1lzdJt1b16tXmQ73SauZxFOECLuEaPGhAC+6hDR0gMIVneIU3RzgvzrvzsWotOPnMOfyB8/kDH+GNoQ==</latexit>

geometric divergence

convergence!
pmax < |p⇤|

<latexit sha1_base64="9MpV0ux5+rI6KiCNDvk/GGrceu4="></latexit>

|p⇤|  pmax < 1

<latexit sha1_base64="62dNnllE0xb1uyJquTY5WR3o5lg="></latexit>

pmax ! 1

<latexit sha1_base64="IMYmpaw7ZwAPT3w6V5xZSWgXSsg=">AAACA3icdVDLSgNBEJz1GeMr6k0vg0HwFHZjQrK3gBePEcwDkhBmJ7PJkNnZZaZXXZaAF3/FiwdFvPoT3vwbJw9BRQsaiqpuuru8SHANtv1hLS2vrK6tZzaym1vbO7u5vf2mDmNFWYOGIlRtj2gmuGQN4CBYO1KMBJ5gLW98PvVb10xpHsorSCLWC8hQcp9TAkbq5w6jfhqQ2wnuKj4cAVEqvMFdLn1I+rm8XXCr5fJZFdsF23aLbsUQ13WdioMdo0yRRwvU+7n37iCkccAkUEG07jh2BL2UKOBUsEm2G2sWETomQ9YxVJKA6V46+2GCT4wywH6oTEnAM/X7REoCrZPAM50BgZH+7U3Fv7xODH61l3IZxcAknS/yY4EhxNNA8IArRkEkhhCquLkV0xFRhIKJLWtC+PoU/0+axYJTKriXpXzNXcSRQUfoGJ0iB1VQDV2gOmogiu7QA3pCz9a99Wi9WK/z1iVrMXOAfsB6+wQ7fZiP</latexit>

vanishing radius
of convergence



Outlook
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http://online.kitp.ucsb.edu/online/resurgent_c17/heller/

1802.08225 with Svensson 2007.05524 with Serantes, Spaliński, 
Svensson, Withers

Bjorken flow:
divergent gradient

expansion + transients
= trans-series

kinetic theory:
richer mathematical

structure due to
integral eoms

the first
statement
for generic

flows


