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Based on: 

JB, Li Yan, and Yi Yin [arXiv:1910.00021]

and ongoing work
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Expected applicability of hydrodynamics

“Gradients are large so 
hydro doesn’t work”

Many modes are important Hydrodynamic 
modes dominate

!"#$%& !

“Gradients are small 
so hydro works”

Non-equilibrium 
initial conditions
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Observation of attractor behavior

Suggestive of simplified bulk description before !"#$%&
Fig: Romatschke [1704.08699]

Heller and Spalinski [1503.07514], many follow-ups
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Observation of attractor behavior

What is the physical origin of this simplification?

What does attractor behavior imply about the system?
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Bjorken-expanding kinetic theory in the relaxation time approximation
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Bjorken-expanding kinetic theory in the relaxation time approximation

Single “pre-hydrodynamic” mode
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Many modes 
are important

“Pre-hydrodynamic” 
modes dominate

Hydrodynamic 
modes dominate

!"#$% !&'$()
!

Single “pre-hydrodynamic” mode
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Adiabatic theorem:

“A system prepared in its (instantaneous) ground state 
will remain in its (instantaneous) ground state under 

adiabatic evolution of the Hamiltonian”
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Adiabatic interpretation of far-from-equilibrium behavior

Pre-hydrodynamic mode is instantaneous ground state of an effective Hamiltonian
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Dominance of ground state at early times driven by rapid longitudinal expansion

Adiabatic interpretation of far-from-equilibrium behavior
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Hamiltonian formulation from kinetic theory

Bjorken-expanding kinetic theory @

@⌧
f(pz, p?; ⌧) = �pz

⌧

@

@pz
f(pz, p?; ⌧)� Ĉ[f ]

<latexit sha1_base64="GG+aS/iNSztLp5mDnArvWwxC4aY="></latexit>

longitudinal 
expansion collisions



Z

p
|p|f(pz, p?; ⌧) = ✏(⌧)

<latexit sha1_base64="i1hNhjH04vceH2mO3oy388SaGQY=">AAACJnicbZBNSwMxEIazflu/qh69BItQQcpuFRREEL14VLAqdMuSTWc1mM2GZFaoa3+NF/+KFw+KiDd/imndg18vBB7emWEyb6ylsOj7797I6Nj4xOTUdGVmdm5+obq4dGaz3HBo8Uxm5iJmFqRQ0EKBEi60AZbGEs7j68NB/fwGjBWZOsWehk7KLpVIBGforKi6FwqFUVGEcUJ1v0/vSrqjSV1Htxs6CjUYvRsiy9fpHg1BWyEzVR8aUbXmN/yh6F8ISqiRUsdR9TnsZjxPQSGXzNp24GvsFMyg4BL6lTC3oBm/ZpfQdqhYCrZTDM/s0zXndGmSGfcU0qH7faJgqbW9NHadKcMr+7s2MP+rtXNMdjqFUDpHUPxrUZJLihkdZEa7wgBH2XPAuBHur5RfMcM4umQrLoTg98l/4azZCDYbzZOt2v5BGccUWSGrpE4Csk32yRE5Ji3CyT15JM/kxXvwnrxX7+2rdcQrZ5bJD3kfn9anpVg=</latexit>
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Hamiltonian formulation from kinetic theory

Bjorken-expanding kinetic theory

Energy density

Angular distribution contributing to energy density

@

@⌧
f(pz, p?; ⌧) = �pz

⌧

@

@pz
f(pz, p?; ⌧)� Ĉ[f ]

<latexit sha1_base64="GG+aS/iNSztLp5mDnArvWwxC4aY="></latexit>

longitudinal 
expansion collisions

Moments of kinetic equation give evolution of more macroscopic quantities

Z

|p|
|p|f(pz, p?; ⌧) = F✏(cos ✓; ⌧)

<latexit sha1_base64="TtME8Iiil2MM1JGUXGm+4hA5V78="></latexit>



Z

|p|
|p|

✓
@

@⌧
f(pz, p?; ⌧) = �pz

⌧

@

@pz
f(pz, p?; ⌧)� Ĉ[f ]

◆

<latexit sha1_base64="q8jrS/k/A5GMXyopB8gI+DyRTr4="></latexit>
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@

@⌧
F✏

<latexit sha1_base64="JDUJS8WQOurm+RJay6SXci+3gmQ=">AAACEnicbVDLSgMxFM3UV62vqks3wSLopsxUQZdFQVxWsA/oDOVOmmlDM5khyQhl6De48VfcuFDErSt3/o2ZdhBtPRA4nHNuknv8mDOlbfvLKiwtr6yuFddLG5tb2zvl3b2WihJJaJNEPJIdHxTlTNCmZprTTiwphD6nbX90lfnteyoVi8SdHsfUC2EgWMAIaCP1yiduIIGkbgxSM+CTH4ZdDckEX/dcGivGs2zFrtpT4EXi5KSCcjR65U+3H5EkpEITDkp1HTvWXppdTzidlNxE0RjICAa0a6iAkCovna40wUdG6eMgkuYIjafq74kUQqXGoW+SIeihmvcy8T+vm+jgwkuZiBNNBZk9FCQc6whn/eA+k5RoPjYEiGTmr5gMwXSkTYslU4Izv/IiadWqzmm1dntWqV/mdRTRATpEx8hB56iOblADNRFBD+gJvaBX69F6tt6s91m0YOUz++gPrI9vjTGepA==</latexit>

�1

⌧
(...)F✏

<latexit sha1_base64="UoyWz3v5wK/X+yerRyp7HHrWx1o=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1YUiqoMuiIC4r2Ac0oUymN+3QyYOZiVBCtm78FTcuFHHrH7jzb5y0WWjrgYHDOedy5x4v5kwqy/o2lpZXVtfWSxvlza3tnd3K3n5bRomg0KIRj0TXIxI4C6GlmOLQjQWQwOPQ8cbXud95ACFZFN6rSQxuQIYh8xklSkv9Cj51fEFoamepo0iS4Zppmif4pu9ALBnPI1XLtKbAi8QuSBUVaPYrX84gokkAoaKcSNmzrVi5KRGKUQ5Z2UkkxISOyRB6moYkAOmm00syfKyVAfYjoV+o8FT9PZGSQMpJ4OlkQNRIznu5+J/XS5R/6aYsjBMFIZ0t8hOOVYTzWvCACaCKTzQhVDD9V0xHRDejdHllXYI9f/IiaddN+8ys351XG1dFHSV0iI5QDdnoAjXQLWqiFqLoET2jV/RmPBkvxrvxMYsuGcXMAfoD4/MHgW6Y8Q==</latexit>

Hamiltonian formulation from kinetic theory



Z

|p|
|p|

✓
@

@⌧
f(pz, p?; ⌧) = �pz

⌧

@

@pz
f(pz, p?; ⌧)� Ĉ[f ]

◆

<latexit sha1_base64="q8jrS/k/A5GMXyopB8gI+DyRTr4="></latexit>
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@

@⌧
F✏

<latexit sha1_base64="JDUJS8WQOurm+RJay6SXci+3gmQ=">AAACEnicbVDLSgMxFM3UV62vqks3wSLopsxUQZdFQVxWsA/oDOVOmmlDM5khyQhl6De48VfcuFDErSt3/o2ZdhBtPRA4nHNuknv8mDOlbfvLKiwtr6yuFddLG5tb2zvl3b2WihJJaJNEPJIdHxTlTNCmZprTTiwphD6nbX90lfnteyoVi8SdHsfUC2EgWMAIaCP1yiduIIGkbgxSM+CTH4ZdDckEX/dcGivGs2zFrtpT4EXi5KSCcjR65U+3H5EkpEITDkp1HTvWXppdTzidlNxE0RjICAa0a6iAkCovna40wUdG6eMgkuYIjafq74kUQqXGoW+SIeihmvcy8T+vm+jgwkuZiBNNBZk9FCQc6whn/eA+k5RoPjYEiGTmr5gMwXSkTYslU4Izv/IiadWqzmm1dntWqV/mdRTRATpEx8hB56iOblADNRFBD+gJvaBX69F6tt6s91m0YOUz++gPrI9vjTGepA==</latexit>

�1

⌧
(...)F✏

<latexit sha1_base64="UoyWz3v5wK/X+yerRyp7HHrWx1o=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1YUiqoMuiIC4r2Ac0oUymN+3QyYOZiVBCtm78FTcuFHHrH7jzb5y0WWjrgYHDOedy5x4v5kwqy/o2lpZXVtfWSxvlza3tnd3K3n5bRomg0KIRj0TXIxI4C6GlmOLQjQWQwOPQ8cbXud95ACFZFN6rSQxuQIYh8xklSkv9Cj51fEFoamepo0iS4Zppmif4pu9ALBnPI1XLtKbAi8QuSBUVaPYrX84gokkAoaKcSNmzrVi5KRGKUQ5Z2UkkxISOyRB6moYkAOmm00syfKyVAfYjoV+o8FT9PZGSQMpJ4OlkQNRIznu5+J/XS5R/6aYsjBMFIZ0t8hOOVYTzWvCACaCKTzQhVDD9V0xHRDejdHllXYI9f/IiaddN+8ys351XG1dFHSV0iI5QDdnoAjXQLWqiFqLoET2jV/RmPBkvxrvxMYsuGcXMAfoD4/MHgW6Y8Q==</latexit>

Hamiltonian formulation from kinetic theory

⌧
@

@⌧
F✏ = (...)F✏

<latexit sha1_base64="58+S+KJ2MnQm7mmDbA/TGi6TN9Q=">AAACKnicbZDLSsNAFIYn9VbrLerSzWAR6iYkVdCNUBXEZQV7gSaUyXTSDp1MwsxEKKHP48ZXcdOFUtz6IE7aILX1wMDH/5/DmfP7MaNS2fbUKKytb2xuFbdLO7t7+wfm4VFTRonApIEjFom2jyRhlJOGooqRdiwICn1GWv7wPvNbL0RIGvFnNYqJF6I+pwHFSGmpa966CiXQDQTCqRsjoShi41+CmTuGD12XxJKyiMMbWLEs63xB6ppl27JnBVfByaEM8qp3zYnbi3ASEq4wQ1J2HDtWXpptxIyMS24iSYzwEPVJRyNHIZFeOjt1DM+00oNBJPTjCs7UxYkUhVKOQl93hkgN5LKXif95nUQF115KeZwowvF8UZAwqCKY5QZ7VBCs2EgDwoLqv0I8QDo2pdMt6RCc5ZNXoVm1nAur+nRZrt3lcRTBCTgFFeCAK1ADj6AOGgCDV/AOPsCn8WZMjKnxNW8tGPnMMfhTxvcPzRmmzQ==</latexit>

For some !" # @y = �H(y) 
<latexit sha1_base64="Zv2lN55NAh7jSs28VifhSo29T9c=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpC0tSBd0IRTddVrAPaEKYTKft0EkyzEyEEPoHbvwVNy4UcevWnX/jJM1CqwcuHM65l3vv8TmjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29roxigUkHRywSfR9JwmhIOooqRvpcEBT4jPT86U3m9+6JkDQK71TCiRugcUhHFCOlJc88djgSiiLmJdDhksIreOoESE0wYmlrVktOctkzq1bdygH/ErsgVVCg7ZmfzjDCcUBChRmScmBbXLlptgszMqs4sSQc4Skak4GmIQqIdNP8nxk80soQjiKhK1QwV39OpCiQMgl83ZmdKhe9TPzPG8RqdOmmNOSxIiGeLxrFDKoIZuHAIRUEK5ZogrCg+laIJ0ggrHSEFR2CvfjyX9Jt1O2zeuP2vNq8LuIogwNwCGrABhegCVqgDToAgwfwBF7Aq/FoPBtvxvu8tWQUM/vgF4yPb6eKm8Y=</latexit>

Schrodinger-type evolution of 
generalized Hamiltonian ℋ

y = log

✓
⌧

⌧I

◆

<latexit sha1_base64="cqvEnJ3iA8+gaV5wA0MdDUXMUkE=">AAACEnicbVDLSsNAFJ3UV62vqks3g0VoNyWpgm6EohvdVbAPaEqZTCfp0MmDmRshhHyDG3/FjQtF3Lpy5984TbvQ1gP3cjjnXmbucSLBFZjmt1FYWV1b3yhulra2d3b3yvsHHRXGkrI2DUUoew5RTPCAtYGDYL1IMuI7gnWdyfXU7z4wqXgY3EMSsYFPvIC7nBLQ0rBcSy5tEXrYFsyFKrZdSWhqA4mzvA9vM2xL7o2hNixXzLqZAy8Ta04qaI7WsPxlj0Ia+ywAKohSfcuMYJASCZwKlpXsWLGI0AnxWF/TgPhMDdL8pAyfaGWE3VDqCgDn6u+NlPhKJb6jJ30CY7XoTcX/vH4M7sUg5UEUAwvo7CE3FhhCPM0Hj7hkFESiCaGS679iOiY6FdAplnQI1uLJy6TTqFun9cbdWaV5NY+jiI7QMaoiC52jJrpBLdRGFD2iZ/SK3own48V4Nz5mowVjvnOI/sD4/AH5Hp2r</latexit>
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⌧
@

@⌧
F✏ = (...)F✏

<latexit sha1_base64="58+S+KJ2MnQm7mmDbA/TGi6TN9Q=">AAACKnicbZDLSsNAFIYn9VbrLerSzWAR6iYkVdCNUBXEZQV7gSaUyXTSDp1MwsxEKKHP48ZXcdOFUtz6IE7aILX1wMDH/5/DmfP7MaNS2fbUKKytb2xuFbdLO7t7+wfm4VFTRonApIEjFom2jyRhlJOGooqRdiwICn1GWv7wPvNbL0RIGvFnNYqJF6I+pwHFSGmpa966CiXQDQTCqRsjoShi41+CmTuGD12XxJKyiMMbWLEs63xB6ppl27JnBVfByaEM8qp3zYnbi3ASEq4wQ1J2HDtWXpptxIyMS24iSYzwEPVJRyNHIZFeOjt1DM+00oNBJPTjCs7UxYkUhVKOQl93hkgN5LKXif95nUQF115KeZwowvF8UZAwqCKY5QZ7VBCs2EgDwoLqv0I8QDo2pdMt6RCc5ZNXoVm1nAur+nRZrt3lcRTBCTgFFeCAK1ADj6AOGgCDV/AOPsCn8WZMjKnxNW8tGPnMMfhTxvcPzRmmzQ==</latexit>

For RTA

F✏(cos ✓; ⌧) = ✏(⌧) +
X

n=1

4n+ 1

2
Ln(⌧)P2n(cos ✓)

<latexit sha1_base64="HZJiyExB0ZCr0XWuSw/djD+b014="></latexit>

Hamiltonian formulation from kinetic theory

Expand F in Legendre 
polynomials
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 = (✏,L1,L2, ...)
<latexit sha1_base64="D+iuA/eeONMY/Pwzv4Fvte37WCI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAgVSkhqQTdC0Y0LFxXsA5oQJtNpO3QyCTMToYT+iBt/xY0LRVy4Ef/GSZuFbT0wcOace7n3niBmVCrb/jFWVtfWNzYLW8Xtnd29ffPgsCWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHST+e1HIiSN+IMax8QL0YDTPsVIack3a24sKbyCZZdowiJegW6I1BAjlt5NfGf+W61Ay7LOfLNkW/YUcJk4OSmBHA3f/HJ7EU5CwhVmSMquY8fKS5FQFDMyKbqJJDHCIzQgXU05Con00ul1E3iqlR7sR0I/ruBU/duRolDKcRjoymxVuehl4n9eN1H9Sy+lPE4U4Xg2qJ8wqCKYRQV7VBCs2FgThAXVu0I8RAJhpQMt6hCcxZOXSatqOedW9b5Wql/ncRTAMTgBZeCAC1AHt6ABmgCDJ/AC3sC78Wy8Gh/G56x0xch7jsAcjO9fGxigBg==</latexit>

Blaizot and Yan [1712.03856]

⌧
@

@⌧
F✏ = (...)F✏

<latexit sha1_base64="58+S+KJ2MnQm7mmDbA/TGi6TN9Q=">AAACKnicbZDLSsNAFIYn9VbrLerSzWAR6iYkVdCNUBXEZQV7gSaUyXTSDp1MwsxEKKHP48ZXcdOFUtz6IE7aILX1wMDH/5/DmfP7MaNS2fbUKKytb2xuFbdLO7t7+wfm4VFTRonApIEjFom2jyRhlJOGooqRdiwICn1GWv7wPvNbL0RIGvFnNYqJF6I+pwHFSGmpa966CiXQDQTCqRsjoShi41+CmTuGD12XxJKyiMMbWLEs63xB6ppl27JnBVfByaEM8qp3zYnbi3ASEq4wQ1J2HDtWXpptxIyMS24iSYzwEPVJRyNHIZFeOjt1DM+00oNBJPTjCs7UxYkUhVKOQl93hkgN5LKXif95nUQF115KeZwowvF8UZAwqCKY5QZ7VBCs2EgDwoLqv0I8QDo2pdMt6RCc5ZNXoVm1nAur+nRZrt3lcRTBCTgFFeCAK1ADj6AOGgCDV/AOPsCn8WZMjKnxNW8tGPnMMfhTxvcPzRmmzQ==</latexit>

For RTA

F✏(cos ✓; ⌧) = ✏(⌧) +
X

n=1

4n+ 1

2
Ln(⌧)P2n(cos ✓)

<latexit sha1_base64="HZJiyExB0ZCr0XWuSw/djD+b014="></latexit>

Hamiltonian formulation from kinetic theory

Expand F in Legendre 
polynomials
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P0
<latexit sha1_base64="PtyPCvKnE8BIPxHZV7JkVbV8oGo=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFcSJjUii6LblxWsA9IQ5hMJ+3QyYOZiVBCVm78FTcuFHHrN7jzb5ymWWjrgQuHc+69c+f4CWdSIfRtLC2vrK6tVzaqm1vbO7vm3n5HxqkgtE1iHouejyXlLKJtxRSnvURQHPqcdv3xzdTvPlAhWRzdq0lC3RAPIxYwgpWWPPMo6xdLHDH03QxZF2fIsnU18paHcs+sIQsVgIvELkkNlGh55ld/EJM0pJEiHEvp2ChRboaFYoTTvNpPJU0wGeMhdTSNcEilmxUX5PBEKwMYxEJXpGCh/p7IcCjlJPR1Z4jVSM57U/E/z0lVcOVmLEpSRSMyeyhIOVQxnGYCB0xQovhEE0wE07dCMsICE6WTq+oQ7PkvL5JO3bLPrfpdo9a8LuOogENwDE6BDS5BE9yCFmgDAh7BM3gFb8aT8WK8Gx+z1iWjnDkAf2B8/gBZrpca</latexit>

P2
<latexit sha1_base64="pl31ovw9lUl3PLNHa4Z4b7UQlQ8=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVVJKQK2ChbGItGHlEaR4zqtVceJbAepirKw8CssDCDEyj+w8Te4aQZoOdKVjs659/r6+DGjUlnWt1FaWl5ZXSuvVzY2t7Z3zN29jowSgUkbRywSPR9JwignbUUVI71YEBT6jHT98c3U7z4QIWnE79UkJm6IhpwGFCOlJc88TPv5EkcMfTe1Tq3aua6rRtby6plnVq2alQMuErsgVVCg5Zlf/UGEk5BwhRmS0rGtWLkpEopiRrJKP5EkRniMhsTRlKOQSDfND8jgsVYGMIiELq5grv6eSFEo5ST0dWeI1EjOe1PxP89JVHDpppTHiSIczx4KEgZVBKeRwAEVBCs20QRhQfWtEI+QQFjp4Co6BHv+y4ukU6/ZZ7X6XaPavC7iKIMDcAROgA0uQBPcghZoAwwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8A9dKW7A==</latexit>

P4
<latexit sha1_base64="wM25+aYzmq9uNXpO62H81UU1bgw=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoCgpLTBWsDAWiT6kNIoc12mtOk5kO0hV1JGFX2FhACFWPoGNv8FNM0DLkWwdnXPv9fUJEkalsu1vY2l5ZXVtvbRR3tza3tk19/bbMk4FJi0cs1h0AyQJo5y0FFWMdBNBUBQw0glGN1O/80CEpDG/V+OEeBEacBpSjJSWfPMo6+VDXDEIvMy2qme2dVHXl1OfNP3axDcrtmXngIvEKUgFFGj65levH+M0IlxhhqR0HTtRXoaEopiRSbmXSpIgPEID4mrKUUSkl+U7TOCJVvowjIU+XMFc/d2RoUjKcRToygipoZz3puJ/npuq8MrLKE9SRTiePRSmDKoYTlOBfSoIVmysCcKC6l0hHiKBsNLZlXUIzvyXF0m7ajnnVvWuVmlcF3GUwCE4BqfAAZegAW5BE7QABo/gGbyCN+PJeDHejY9Z6ZJR9ByAPzA+fwBaopeb</latexit>

F✏(cos ✓; ⌧) = ✏(⌧) +
X

n=1

4n+ 1

2
Ln(⌧)P2n(cos ✓)

<latexit sha1_base64="HZJiyExB0ZCr0XWuSw/djD+b014="></latexit>

 = (✏,L1,L2, ...)
<latexit sha1_base64="D+iuA/eeONMY/Pwzv4Fvte37WCI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAgVSkhqQTdC0Y0LFxXsA5oQJtNpO3QyCTMToYT+iBt/xY0LRVy4Ef/GSZuFbT0wcOace7n3niBmVCrb/jFWVtfWNzYLW8Xtnd29ffPgsCWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHST+e1HIiSN+IMax8QL0YDTPsVIack3a24sKbyCZZdowiJegW6I1BAjlt5NfGf+W61Ay7LOfLNkW/YUcJk4OSmBHA3f/HJ7EU5CwhVmSMquY8fKS5FQFDMyKbqJJDHCIzQgXU05Con00ul1E3iqlR7sR0I/ruBU/duRolDKcRjoymxVuehl4n9eN1H9Sy+lPE4U4Xg2qJ8wqCKYRQV7VBCs2FgThAXVu0I8RAJhpQMt6hCcxZOXSatqOedW9b5Wql/ncRTAMTgBZeCAC1AHt6ABmgCDJ/AC3sC78Wy8Gh/G56x0xch7jsAcjO9fGxigBg==</latexit>
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P0
<latexit sha1_base64="PtyPCvKnE8BIPxHZV7JkVbV8oGo=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFcSJjUii6LblxWsA9IQ5hMJ+3QyYOZiVBCVm78FTcuFHHrN7jzb5ymWWjrgQuHc+69c+f4CWdSIfRtLC2vrK6tVzaqm1vbO7vm3n5HxqkgtE1iHouejyXlLKJtxRSnvURQHPqcdv3xzdTvPlAhWRzdq0lC3RAPIxYwgpWWPPMo6xdLHDH03QxZF2fIsnU18paHcs+sIQsVgIvELkkNlGh55ld/EJM0pJEiHEvp2ChRboaFYoTTvNpPJU0wGeMhdTSNcEilmxUX5PBEKwMYxEJXpGCh/p7IcCjlJPR1Z4jVSM57U/E/z0lVcOVmLEpSRSMyeyhIOVQxnGYCB0xQovhEE0wE07dCMsICE6WTq+oQ7PkvL5JO3bLPrfpdo9a8LuOogENwDE6BDS5BE9yCFmgDAh7BM3gFb8aT8WK8Gx+z1iWjnDkAf2B8/gBZrpca</latexit>

P2
<latexit sha1_base64="pl31ovw9lUl3PLNHa4Z4b7UQlQ8=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVVJKQK2ChbGItGHlEaR4zqtVceJbAepirKw8CssDCDEyj+w8Te4aQZoOdKVjs659/r6+DGjUlnWt1FaWl5ZXSuvVzY2t7Z3zN29jowSgUkbRywSPR9JwignbUUVI71YEBT6jHT98c3U7z4QIWnE79UkJm6IhpwGFCOlJc88TPv5EkcMfTe1Tq3aua6rRtby6plnVq2alQMuErsgVVCg5Zlf/UGEk5BwhRmS0rGtWLkpEopiRrJKP5EkRniMhsTRlKOQSDfND8jgsVYGMIiELq5grv6eSFEo5ST0dWeI1EjOe1PxP89JVHDpppTHiSIczx4KEgZVBKeRwAEVBCs20QRhQfWtEI+QQFjp4Co6BHv+y4ukU6/ZZ7X6XaPavC7iKIMDcAROgA0uQBPcghZoAwwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8A9dKW7A==</latexit>

P4
<latexit sha1_base64="wM25+aYzmq9uNXpO62H81UU1bgw=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoCgpLTBWsDAWiT6kNIoc12mtOk5kO0hV1JGFX2FhACFWPoGNv8FNM0DLkWwdnXPv9fUJEkalsu1vY2l5ZXVtvbRR3tza3tk19/bbMk4FJi0cs1h0AyQJo5y0FFWMdBNBUBQw0glGN1O/80CEpDG/V+OEeBEacBpSjJSWfPMo6+VDXDEIvMy2qme2dVHXl1OfNP3axDcrtmXngIvEKUgFFGj65levH+M0IlxhhqR0HTtRXoaEopiRSbmXSpIgPEID4mrKUUSkl+U7TOCJVvowjIU+XMFc/d2RoUjKcRToygipoZz3puJ/npuq8MrLKE9SRTiePRSmDKoYTlOBfSoIVmysCcKC6l0hHiKBsNLZlXUIzvyXF0m7ajnnVvWuVmlcF3GUwCE4BqfAAZegAW5BE7QABo/gGbyCN+PJeDHejY9Z6ZJR9ByAPzA+fwBaopeb</latexit>

F✏(cos ✓; ⌧) = ✏(⌧) +
X

n=1

4n+ 1

2
Ln(⌧)P2n(cos ✓)

<latexit sha1_base64="HZJiyExB0ZCr0XWuSw/djD+b014="></latexit>

 = (✏,L1,L2, ...)
<latexit sha1_base64="D+iuA/eeONMY/Pwzv4Fvte37WCI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAgVSkhqQTdC0Y0LFxXsA5oQJtNpO3QyCTMToYT+iBt/xY0LRVy4Ef/GSZuFbT0wcOace7n3niBmVCrb/jFWVtfWNzYLW8Xtnd29ffPgsCWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHST+e1HIiSN+IMax8QL0YDTPsVIack3a24sKbyCZZdowiJegW6I1BAjlt5NfGf+W61Ay7LOfLNkW/YUcJk4OSmBHA3f/HJ7EU5CwhVmSMquY8fKS5FQFDMyKbqJJDHCIzQgXU05Con00ul1E3iqlR7sR0I/ruBU/duRolDKcRjoymxVuehl4n9eN1H9Sy+lPE4U4Xg2qJ8wqCKYRQV7VBCs2FgThAXVu0I8RAJhpQMt6hCcxZOXSatqOedW9b5Wql/ncRTAMTgBZeCAC1AHt6ABmgCDJ/AC3sC78Wy8Gh/G56x0xch7jsAcjO9fGxigBg==</latexit>

Fig adapted from KMPST [1805.00961]

(✏, 0, 0, ...)
<latexit sha1_base64="dTjLzyOlY/+4H2VOi8TNGiwjlH8="></latexit>

(✏,L1,L2, ...)
<latexit sha1_base64="yS8PIrowc/42nImsiKROvm6mi7g="></latexit>

hydrodynamization
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Is the system prepared in the ground state?

@y = �HF 
<latexit sha1_base64="BVOccvJxHE2W03Up22O1cgNNnCs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgxpJUQTdCUZAuK9gHNCFMptN26GQSZiZCCP0CN/6KGxeKuHXtzr9xkmahrQcuHM65l3vv8SNGpbKsb6O0srq2vlHerGxt7+zumfsHXRnGApMODlko+j6ShFFOOooqRvqRICjwGen505vM7z0QIWnI71USETdAY05HFCOlJc+sORESiiLmJdCJJIVX8NQJkJpgxNLWzLvNVc+sWnUrB1wmdkGqoEDbM7+cYYjjgHCFGZJyYFuRctNsFWZkVnFiSSKEp2hMBppyFBDppvk7M1jTyhCOQqGLK5irvydSFEiZBL7uzC6Vi14m/ucNYjW6dFPKo1gRjueLRjGDKoRZNnBIBcGKJZogLKi+FeIJEggrnWBFh2AvvrxMuo26fVZv3J1Xm9dFHGVwBI7BCbDBBWiCFmiDDsDgETyDV/BmPBkvxrvxMW8tGcXMIfgD4/MHPf+blw==</latexit>

Ĉ[f ] = 0
<latexit sha1_base64="xnSfGK8dwNQ7Abn6rDty9VDZ+ls=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laQKehGKvXisYD8gCWWz3bRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwjY7zba2tb2xubZd2yrt7+weHlaPjjk4yRVmbJiJRvZBoJrhkbeQoWC9VjMShYN1w3Jz53SemNE/kI05SFsRkKHnEKUEj+f6IYN6celFw6/QrVafmzGGvErcgVSjQ6le+/EFCs5hJpIJo7blOikFOFHIq2LTsZ5qlhI7JkHmGShIzHeTzm6f2uVEGdpQoUxLtufp7Iiex1pM4NJ0xwZFe9mbif56XYXQT5FymGTJJF4uiTNiY2LMA7AFXjKKYGEKo4uZWm46IIhRNTGUTgrv88irp1GvuZa3+cFVt3BVxlOAUzuACXLiGBtxDC9pAIYVneIU3K7NerHfrY9G6ZhUzJ/AH1ucPgleRVQ==</latexit>

At early times
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Is the system prepared in the ground state?

 (⌧) ⇠
X

n

�n(⌧)�
F
n

<latexit sha1_base64="MKYi49AunWMt4IGgg00+cizI/AM=">AAACFnicbVDLSgMxFM34rPVVdekmWIS6sMxUQZdFQVxWsA/o1CGTZtrQJDMkd4RS+hVu/BU3LhRxK+78G9OHoK0HEg7nnEtyT5gIbsB1v5yFxaXlldXMWnZ9Y3NrO7ezWzNxqimr0ljEuhESwwRXrAocBGskmhEZClYPe5cjv37PtOGxuoV+wlqSdBSPOCVgpSB37CeGF3wg6RH2DZf2SmWgsB8yIIH6cZIuv7sKbD7vFt0x8DzxpiSPpqgEuU+/HdNUMgVUEGOanptAa0A0cCrYMOunhiWE9kiHNS1VRDLTGozXGuJDq7RxFGt7FOCx+ntiQKQxfRnapCTQNbPeSPzPa6YQnbcGXCUpMEUnD0WpwBDjUUe4zTWjIPqWEKq5/SumXaIJBdtk1pbgza48T2qlondSLN2c5ssX0zoyaB8doALy0Bkqo2tUQVVE0QN6Qi/o1Xl0np03530SXXCmM3voD5yPb8FZnn0=</latexit>

@y = �HF 
<latexit sha1_base64="BVOccvJxHE2W03Up22O1cgNNnCs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgxpJUQTdCUZAuK9gHNCFMptN26GQSZiZCCP0CN/6KGxeKuHXtzr9xkmahrQcuHM65l3vv8SNGpbKsb6O0srq2vlHerGxt7+zumfsHXRnGApMODlko+j6ShFFOOooqRvqRICjwGen505vM7z0QIWnI71USETdAY05HFCOlJc+sORESiiLmJdCJJIVX8NQJkJpgxNLWzLvNVc+sWnUrB1wmdkGqoEDbM7+cYYjjgHCFGZJyYFuRctNsFWZkVnFiSSKEp2hMBppyFBDppvk7M1jTyhCOQqGLK5irvydSFEiZBL7uzC6Vi14m/ucNYjW6dFPKo1gRjueLRjGDKoRZNnBIBcGKJZogLKi+FeIJEggrnWBFh2AvvrxMuo26fVZv3J1Xm9dFHGVwBI7BCbDBBWiCFmiDDsDgETyDV/BmPBkvxrvxMW8tGcXMIfgD4/MHPf+blw==</latexit>

Ĉ[f ] = 0
<latexit sha1_base64="xnSfGK8dwNQ7Abn6rDty9VDZ+ls=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laQKehGKvXisYD8gCWWz3bRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwjY7zba2tb2xubZd2yrt7+weHlaPjjk4yRVmbJiJRvZBoJrhkbeQoWC9VjMShYN1w3Jz53SemNE/kI05SFsRkKHnEKUEj+f6IYN6celFw6/QrVafmzGGvErcgVSjQ6le+/EFCs5hJpIJo7blOikFOFHIq2LTsZ5qlhI7JkHmGShIzHeTzm6f2uVEGdpQoUxLtufp7Iiex1pM4NJ0xwZFe9mbif56XYXQT5FymGTJJF4uiTNiY2LMA7AFXjKKYGEKo4uZWm46IIhRNTGUTgrv88irp1GvuZa3+cFVt3BVxlOAUzuACXLiGBtxDC9pAIYVneIU3K7NerHfrY9G6ZhUzJ/AH1ucPgleRVQ==</latexit>

At early times

 (⌧) ⇠ �F0
<latexit sha1_base64="GRWUk9861gvsY6SHJDBY5LV4JNw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkVdBlURCXFewDmhgm00k7dCYZZiZCCXXjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv994TCkaVdpxvq7C0vLK6VlwvbWxube/Yu3stlaQSkyZOWCI7IVKE0Zg0NdWMdIQkiIeMtMPh1cRvPxCpaBLf6ZEgPkf9mEYUI22kwD7whKIVT6P0BHqKcuiJAb2/DpzALjtVZwq4SNyclEGORmB/eb0Ep5zEGjOkVNd1hPYzJDXFjIxLXqqIQHiI+qRraIw4UX42/WAMj43Sg1EiTcUaTtXfExniSo14aDo50gM1703E/7xuqqMLP6OxSDWJ8WxRlDKoEziJA/aoJFizkSEIS2puhXiAJMLahFYyIbjzLy+SVq3qnlZrt2fl+mUeRxEcgiNQAS44B3VwAxqgCTB4BM/gFbxZT9aL9W59zFoLVj6zD/7A+vwB/6KV8w==</latexit>
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Is the system prepared in the ground state?

 (⌧) ⇠
X

n

�n(⌧)�
F
n

<latexit sha1_base64="MKYi49AunWMt4IGgg00+cizI/AM=">AAACFnicbVDLSgMxFM34rPVVdekmWIS6sMxUQZdFQVxWsA/o1CGTZtrQJDMkd4RS+hVu/BU3LhRxK+78G9OHoK0HEg7nnEtyT5gIbsB1v5yFxaXlldXMWnZ9Y3NrO7ezWzNxqimr0ljEuhESwwRXrAocBGskmhEZClYPe5cjv37PtOGxuoV+wlqSdBSPOCVgpSB37CeGF3wg6RH2DZf2SmWgsB8yIIH6cZIuv7sKbD7vFt0x8DzxpiSPpqgEuU+/HdNUMgVUEGOanptAa0A0cCrYMOunhiWE9kiHNS1VRDLTGozXGuJDq7RxFGt7FOCx+ntiQKQxfRnapCTQNbPeSPzPa6YQnbcGXCUpMEUnD0WpwBDjUUe4zTWjIPqWEKq5/SumXaIJBdtk1pbgza48T2qlondSLN2c5ssX0zoyaB8doALy0Bkqo2tUQVVE0QN6Qi/o1Xl0np03530SXXCmM3voD5yPb8FZnn0=</latexit>

@y = �HF 
<latexit sha1_base64="BVOccvJxHE2W03Up22O1cgNNnCs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgxpJUQTdCUZAuK9gHNCFMptN26GQSZiZCCP0CN/6KGxeKuHXtzr9xkmahrQcuHM65l3vv8SNGpbKsb6O0srq2vlHerGxt7+zumfsHXRnGApMODlko+j6ShFFOOooqRvqRICjwGen505vM7z0QIWnI71USETdAY05HFCOlJc+sORESiiLmJdCJJIVX8NQJkJpgxNLWzLvNVc+sWnUrB1wmdkGqoEDbM7+cYYjjgHCFGZJyYFuRctNsFWZkVnFiSSKEp2hMBppyFBDppvk7M1jTyhCOQqGLK5irvydSFEiZBL7uzC6Vi14m/ucNYjW6dFPKo1gRjueLRjGDKoRZNnBIBcGKJZogLKi+FeIJEggrnWBFh2AvvrxMuo26fVZv3J1Xm9dFHGVwBI7BCbDBBWiCFmiDDsDgETyDV/BmPBkvxrvxMW8tGcXMIfgD4/MHPf+blw==</latexit>

Ĉ[f ] = 0
<latexit sha1_base64="xnSfGK8dwNQ7Abn6rDty9VDZ+ls=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laQKehGKvXisYD8gCWWz3bRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwjY7zba2tb2xubZd2yrt7+weHlaPjjk4yRVmbJiJRvZBoJrhkbeQoWC9VjMShYN1w3Jz53SemNE/kI05SFsRkKHnEKUEj+f6IYN6celFw6/QrVafmzGGvErcgVSjQ6le+/EFCs5hJpIJo7blOikFOFHIq2LTsZ5qlhI7JkHmGShIzHeTzm6f2uVEGdpQoUxLtufp7Iiex1pM4NJ0xwZFe9mbif56XYXQT5FymGTJJF4uiTNiY2LMA7AFXjKKYGEKo4uZWm46IIhRNTGUTgrv88irp1GvuZa3+cFVt3BVxlOAUzuACXLiGBtxDC9pAIYVneIU3K7NerHfrY9G6ZhUzJ/AH1ucPgleRVQ==</latexit>

At early times

 (⌧) ⇠ �F0
<latexit sha1_base64="GRWUk9861gvsY6SHJDBY5LV4JNw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkVdBlURCXFewDmhgm00k7dCYZZiZCCXXjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv994TCkaVdpxvq7C0vLK6VlwvbWxube/Yu3stlaQSkyZOWCI7IVKE0Zg0NdWMdIQkiIeMtMPh1cRvPxCpaBLf6ZEgPkf9mEYUI22kwD7whKIVT6P0BHqKcuiJAb2/DpzALjtVZwq4SNyclEGORmB/eb0Ep5zEGjOkVNd1hPYzJDXFjIxLXqqIQHiI+qRraIw4UX42/WAMj43Sg1EiTcUaTtXfExniSo14aDo50gM1703E/7xuqqMLP6OxSDWJ8WxRlDKoEziJA/aoJFizkSEIS2puhXiAJMLahFYyIbjzLy+SVq3qnlZrt2fl+mUeRxEcgiNQAS44B3VwAxqgCTB4BM/gFbxZT9aL9W59zFoLVj6zD/7A+vwB/6KV8w==</latexit>

Similar result to Kurkela, van der Schee, Wiedemann, Wu [1907.08101]

gives time scale for decay of initial conditions
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Is the system prepared in the ground state?

 (⌧) ⇠
X

n

�n(⌧)�
F
n

<latexit sha1_base64="MKYi49AunWMt4IGgg00+cizI/AM=">AAACFnicbVDLSgMxFM34rPVVdekmWIS6sMxUQZdFQVxWsA/o1CGTZtrQJDMkd4RS+hVu/BU3LhRxK+78G9OHoK0HEg7nnEtyT5gIbsB1v5yFxaXlldXMWnZ9Y3NrO7ezWzNxqimr0ljEuhESwwRXrAocBGskmhEZClYPe5cjv37PtOGxuoV+wlqSdBSPOCVgpSB37CeGF3wg6RH2DZf2SmWgsB8yIIH6cZIuv7sKbD7vFt0x8DzxpiSPpqgEuU+/HdNUMgVUEGOanptAa0A0cCrYMOunhiWE9kiHNS1VRDLTGozXGuJDq7RxFGt7FOCx+ntiQKQxfRnapCTQNbPeSPzPa6YQnbcGXCUpMEUnD0WpwBDjUUe4zTWjIPqWEKq5/SumXaIJBdtk1pbgza48T2qlondSLN2c5ssX0zoyaB8doALy0Bkqo2tUQVVE0QN6Qi/o1Xl0np03530SXXCmM3voD5yPb8FZnn0=</latexit>

@y = �HF 
<latexit sha1_base64="BVOccvJxHE2W03Up22O1cgNNnCs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgxpJUQTdCUZAuK9gHNCFMptN26GQSZiZCCP0CN/6KGxeKuHXtzr9xkmahrQcuHM65l3vv8SNGpbKsb6O0srq2vlHerGxt7+zumfsHXRnGApMODlko+j6ShFFOOooqRvqRICjwGen505vM7z0QIWnI71USETdAY05HFCOlJc+sORESiiLmJdCJJIVX8NQJkJpgxNLWzLvNVc+sWnUrB1wmdkGqoEDbM7+cYYjjgHCFGZJyYFuRctNsFWZkVnFiSSKEp2hMBppyFBDppvk7M1jTyhCOQqGLK5irvydSFEiZBL7uzC6Vi14m/ucNYjW6dFPKo1gRjueLRjGDKoRZNnBIBcGKJZogLKi+FeIJEggrnWBFh2AvvrxMuo26fVZv3J1Xm9dFHGVwBI7BCbDBBWiCFmiDDsDgETyDV/BmPBkvxrvxMW8tGcXMIfgD4/MHPf+blw==</latexit>

Ĉ[f ] = 0
<latexit sha1_base64="xnSfGK8dwNQ7Abn6rDty9VDZ+ls=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laQKehGKvXisYD8gCWWz3bRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwjY7zba2tb2xubZd2yrt7+weHlaPjjk4yRVmbJiJRvZBoJrhkbeQoWC9VjMShYN1w3Jz53SemNE/kI05SFsRkKHnEKUEj+f6IYN6celFw6/QrVafmzGGvErcgVSjQ6le+/EFCs5hJpIJo7blOikFOFHIq2LTsZ5qlhI7JkHmGShIzHeTzm6f2uVEGdpQoUxLtufp7Iiex1pM4NJ0xwZFe9mbif56XYXQT5FymGTJJF4uiTNiY2LMA7AFXjKKYGEKo4uZWm46IIhRNTGUTgrv88irp1GvuZa3+cFVt3BVxlOAUzuACXLiGBtxDC9pAIYVneIU3K7NerHfrY9G6ZhUzJ/AH1ucPgleRVQ==</latexit>

At early times

 (⌧) ⇠ �F0
<latexit sha1_base64="GRWUk9861gvsY6SHJDBY5LV4JNw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkVdBlURCXFewDmhgm00k7dCYZZiZCCXXjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv994TCkaVdpxvq7C0vLK6VlwvbWxube/Yu3stlaQSkyZOWCI7IVKE0Zg0NdWMdIQkiIeMtMPh1cRvPxCpaBLf6ZEgPkf9mEYUI22kwD7whKIVT6P0BHqKcuiJAb2/DpzALjtVZwq4SNyclEGORmB/eb0Ep5zEGjOkVNd1hPYzJDXFjIxLXqqIQHiI+qRraIw4UX42/WAMj43Sg1EiTcUaTtXfExniSo14aDo50gM1703E/7xuqqMLP6OxSDWJ8WxRlDKoEziJA/aoJFizkSEIS2puhXiAJMLahFYyIbjzLy+SVq3qnlZrt2fl+mUeRxEcgiNQAS44B3VwAxqgCTB4BM/gFbxZT9aL9W59zFoLVj6zD/7A+vwB/6KV8w==</latexit>

Similar result to Kurkela, van der Schee, Wiedemann, Wu [1907.08101]

gives time scale for decay of initial conditions

Since ℋ" is 
gapped, # decays 

toward the 
ground state
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Interlude: physical interpretation of the attractor
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No collisions

Attractor behavior need not imply collectivity or equilibration
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Is the subsequent evolution adiabatic?

System prepared in 
ground state
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Definition of adiabatic hydrodynamization:

 (y) ⇠ �0(y)
<latexit sha1_base64="BG9s59DVapBTIcLQzLBfosrU7nc=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6qbMVEGXRTcuK9gHdIYhk2ba0CQzJBlhGLvwV9y4UMStv+HOvzFtZ6GtBy6cnHMvufeECaNKO863VVpZXVvfKG9WtrZ3dvfs/YOOilOJSRvHLJa9ECnCqCBtTTUjvUQSxENGuuH4Zup3H4hUNBb3OkuIz9FQ0IhipI0U2EdeomgtO4Oeohx6yYgGjnkGdtWpOzPAZeIWpAoKtAL7yxvEOOVEaMyQUn3XSbSfI6kpZmRS8VJFEoTHaEj6hgrEifLz2f4TeGqUAYxiaUpoOFN/T+SIK5Xx0HRypEdq0ZuK/3n9VEdXfk5Fkmoi8PyjKGVQx3AaBhxQSbBmmSEIS2p2hXiEJMLaRFYxIbiLJy+TTqPuntcbdxfV5nURRxkcgxNQAy64BE1wC1qgDTB4BM/gFbxZT9aL9W59zFtLVjFzCP7A+vwBE++U2A==</latexit>

System evolution determined by 
the instantaneous ground state
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@y�0(y) = �E0(y)�0(y)
<latexit sha1_base64="eQeFum1/FPQOmDT0RPG5TdbMJdg=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoC0vSCroRiiK4rGAf0JQwmU7aoZNkmJkIIfRD3Pgrblwo4saF4N84aYNo64ELh3Pu5d57PM6oVJb1ZRSWlldW14rrpY3Nre0dc3evLaNYYNLCEYtE10OSMBqSlqKKkS4XBAUeIx1vfJX5nXsiJI3CO5Vw0g/QMKQ+xUhpyTXrDkdCUcTcBDp8RF2rkhzDC3gCnQCpEUYsvZ7MxB/bNctW1ZoCLhI7J2WQo+maH84gwnFAQoUZkrJnW1z102wxZmRScmJJOMJjNCQ9TUMUENlPp89N4JFWBtCPhK5Qwan6eyJFgZRJ4OnO7GI572Xif14vVv55P6UhjxUJ8WyRHzOoIpglBQdUEKxYognCgupbIR4hgbDSeZZ0CPb8y4ukXava9Wrt9rTcuMzjKIIDcAgqwAZnoAFuQBO0AAYP4Am8gFfj0Xg23oz3WWvByGf2wR8Yn989Kp+Q</latexit>

Definition of adiabatic hydrodynamization:

 (y) ⇠ �0(y)
<latexit sha1_base64="BG9s59DVapBTIcLQzLBfosrU7nc=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6qbMVEGXRTcuK9gHdIYhk2ba0CQzJBlhGLvwV9y4UMStv+HOvzFtZ6GtBy6cnHMvufeECaNKO863VVpZXVvfKG9WtrZ3dvfs/YOOilOJSRvHLJa9ECnCqCBtTTUjvUQSxENGuuH4Zup3H4hUNBb3OkuIz9FQ0IhipI0U2EdeomgtO4Oeohx6yYgGjnkGdtWpOzPAZeIWpAoKtAL7yxvEOOVEaMyQUn3XSbSfI6kpZmRS8VJFEoTHaEj6hgrEifLz2f4TeGqUAYxiaUpoOFN/T+SIK5Xx0HRypEdq0ZuK/3n9VEdXfk5Fkmoi8PyjKGVQx3AaBhxQSbBmmSEIS2p2hXiEJMLaRFYxIbiLJy+TTqPuntcbdxfV5nURRxkcgxNQAy64BE1wC1qgDTB4BM/gFbxZT9aL9W59zFtLVjFzCP7A+vwBE++U2A==</latexit>

System evolution determined by 
the instantaneous ground state

@y = �H(y) 
<latexit sha1_base64="Zv2lN55NAh7jSs28VifhSo29T9c=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpC0tSBd0IRTddVrAPaEKYTKft0EkyzEyEEPoHbvwVNy4UcevWnX/jJM1CqwcuHM65l3vv8TmjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29roxigUkHRywSfR9JwmhIOooqRvpcEBT4jPT86U3m9+6JkDQK71TCiRugcUhHFCOlJc88djgSiiLmJdDhksIreOoESE0wYmlrVktOctkzq1bdygH/ErsgVVCg7ZmfzjDCcUBChRmScmBbXLlptgszMqs4sSQc4Skak4GmIQqIdNP8nxk80soQjiKhK1QwV39OpCiQMgl83ZmdKhe9TPzPG8RqdOmmNOSxIiGeLxrFDKoIZuHAIRUEK5ZogrCg+laIJ0ggrHSEFR2CvfjyX9Jt1O2zeuP2vNq8LuIogwNwCGrABhegCVqgDToAgwfwBF7Aq/FoPBtvxvu8tWQUM/vgF4yPb6eKm8Y=</latexit>

g(y) ⌘ 1 + pL/✏ = E0(y)
<latexit sha1_base64="24PKH1cFrrBV36YBgcyRYYkZzew=">AAACFnicbVDLSgMxFM34rPVVdekmWISKWGeqoBuhKIILFxXsAzplyKS3bWgmMyaZQhn6FW78FTcuFHEr7vwb08dCWw8EDuecS+49fsSZ0rb9bc3NLywuLadW0qtr6xubma3tigpjSaFMQx7Kmk8UcCagrJnmUIskkMDnUPW7V0O/2gOpWCjudT+CRkDagrUYJdpIXuaonesfYBceYtbDzmHk3R67ECnGQ4EvsBsQ3aGEJ9cDzzZBL5O18/YIeJY4E5JFE5S8zJfbDGkcgNCUE6Xqjh3pRkKkZpTDIO3GCiJCu6QNdUMFCUA1ktFZA7xvlCZuhdI8ofFI/T2RkECpfuCb5HBPNe0Nxf+8eqxb542EiSjWIOj4o1bMsQ7xsCPcZBKo5n1DCJXM7Ipph0hCtWkybUpwpk+eJZVC3jnJF+5Os8XLSR0ptIv2UA456AwV0Q0qoTKi6BE9o1f0Zj1ZL9a79TGOzlmTmR30B9bnD26/na0=</latexit>

Test extent to which these relations are satisfied!

Predicts non-trivial relations between components of !

e.g.
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Hydrodynamization in RTA kinetic theory is adiabatic!

E0(y)� 1
<latexit sha1_base64="pcCM9obNmxnnN3hBvOBSOpYp948="></latexit>

Far-from-equilibrium evolution dominated just by evolution of 
instantaneous ground state (“pre-hydrodynamic”) mode!
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Implies presence of a small “adiabatic” parameter 
that suppresses contributions from other modes

> 95% of % described 
by instantaneous 

ground state mode
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Why would the rapidly-expanding QGP be adiabatic?

�A ⇠ @⌧ log �

�En
h0(⌧)|H|n(⌧)i

<latexit sha1_base64="Xmm4FgxAmY70jqdLMiSCIYx9/Zc="></latexit>

Suppression of 
excited states:
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Why would the rapidly-expanding QGP be adiabatic?

�A ⇠ @⌧ log �

�En
h0(⌧)|H|n(⌧)i

<latexit sha1_base64="Xmm4FgxAmY70jqdLMiSCIYx9/Zc="></latexit>

Suppression of 
excited states:

Hamiltonian evolves slowly 
compared to energy gap

!" small near hydro limit
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Why would the rapidly-expanding QGP be adiabatic?

�A ⇠ @⌧ log �

�En
h0(⌧)|H|n(⌧)i

<latexit sha1_base64="Xmm4FgxAmY70jqdLMiSCIYx9/Zc="></latexit>

Suppression of 
excited states:

Hamiltonian evolves slowly 
compared to energy gap

!" small near hydro limit

Small overlap between 
ground and excited states

!" small at early times
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A new perturbative expansion

Including contributions from the excited states to the evolution at !(#$)
shows explicitly that they are a small correction
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Many modes 
are important

“Pre-hydrodynamic” 
modes dominate

Hydrodynamic 
modes dominate

!"#$% !&'$()
!

Single “pre-hydrodynamic” mode


