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Quantum	chaos	=	operator	growth

h�[V (t),W (0)]2i ⇠ e�Lt
<latexit sha1_base64="IA2QFGRWxXvKsbQ2v/HudHRrvi0=">AAACGXicbVDLSgMxFM34tr6qLt0Ei1BBy0wVdCm6ceFCwbZCZyyZ9LaGJpkhuSOUob/hxl9x40IRl7ryb0xrF74OBA7nnMvNPXEqhUXf//AmJqemZ2bn5gsLi0vLK8XVtbpNMsOhxhOZmKuYWZBCQw0FSrhKDTAVS2jEvZOh37gFY0WiL7GfQqRYV4uO4Ayd1Cr6oWS6K4HuNutl3N5plP3t6LoampEaWqEoXOcupOI2a53hoFUs+RV/BPqXBGNSImOct4pvYTvhmQKNXDJrm4GfYpQzg4JLGBTCzELKeI91oemoZgpslI8uG9Atp7RpJzHuaaQj9ftEzpS1fRW7pGJ4Y397Q/E/r5lh5zDKhU4zBM2/FnUySTGhw5poWxjgKPuOMG6E+yvlN8wwjq7Mgish+H3yX1KvVoK9SvViv3R0PK5jjmyQTVImATkgR+SUnJMa4eSOPJAn8uzde4/ei/f6FZ3wxjPr5Ae8909Co59D</latexit>

O(t)	expands	rapidly	over	operator	basis

V(t)

W

example:

O ! e
�iHt

Oe
iHt = O � i[H,O]�
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2
[H, [H,O]] + · · ·

<latexit sha1_base64="k+lb4vIkh64JVZUu1/HvFVUHQzI="></latexit>

H =
LX

a=1

(Sz,aSz,a+1 + Sx,a + Sz,a)
<latexit sha1_base64="OYxvDW1m6q0simGfIJlDUFMNP5E=">AAACGXicbZBNS8MwGMfT+TbnW9Wjl+IQJpPRTkEvg6GXHTxMdC+w1ZJm6RaWpiVJxVn6Nbz4Vbx4UMSjnvw2ZlsPuvlAyI///3lInr8bUiKkaX5rmYXFpeWV7GpubX1jc0vf3mmKIOIIN1BAA952ocCUMNyQRFLcDjmGvktxyx1ejP3WHeaCBOxGjkJs+7DPiEcQlEpydLNW6YrId2JYsZLby8K1Ez8cwWR6Fa2kqOheCcXUOHT0vFkyJ2XMg5VCHqRVd/TPbi9AkY+ZRBQK0bHMUNox5JIgipNcNxI4hGgI+7ijkEEfCzuebJYYB0rpGV7A1WHSmKi/J2LoCzHyXdXpQzkQs95Y/M/rRNI7s2PCwkhihqYPeRE1ZGCMYzJ6hGMk6UgBRJyovxpoADlEUoWZUyFYsyvPQ7Ncso5L5auTfPU8jSML9sA+KAALnIIqqIE6aAAEHsEzeAVv2pP2or1rH9PWjJbO7II/pX39AH8hn1o=</latexit>

O
<latexit sha1_base64="4nqFhTMWyoVtHHdUwHBg4fod7qw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04s0K9gPaUCbbTbt0s4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbqZ+64kpzWP5YMYJ8yMcSB5yisZK7axLUZC7Sa9UdivuDGSZeDkpQ456r/TV7cc0jZg0VKDWHc9NjJ+hMpwKNil2U80SpCMcsI6lEiOm/Wx274ScWqVPwljZkobM1N8TGUZaj6PAdkZohnrRm4r/eZ3UhFd+xmWSGibpfFGYCmJiMn2e9Lli1IixJUgVt7cSOkSF1NiIijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIU6NICCgGd4hTfn0Xlx3p2PeeuKk88cwR84nz+3b4/B</latexit>

[H,O]
<latexit sha1_base64="K17dSCoI+fz6gxFwLEF7IVW8dt0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnoseunNCqYtJKFstpt26WYTdjdCCf0bXjwo4tU/481/47bNQVsfDDzem2FmXphyprRtf1ultfWNza3ydmVnd2//oHp41FFJJgl1ScIT2QuxopwJ6mqmOe2lkuI45LQbju9mfveJSsUS8agnKQ1iPBQsYgRrI/le6yL3Cebofhr0qzW7bs+BVolTkBoUaPerX/4gIVlMhSYcK+U5dqqDHEvNCKfTip8pmmIyxkPqGSpwTFWQz2+eojOjDFCUSFNCo7n6eyLHsVKTODSdMdYjtezNxP88L9PRTZAzkWaaCrJYFGUc6QTNAkADJinRfGIIJpKZWxEZYYmJNjFVTAjO8surpNOoO5f1xsNVrXlbxFGGEziFc3DgGprQgja4QCCFZ3iFNyuzXqx362PRWrKKmWP4A+vzBx1YkRU=</latexit>

[H, [H,O]]
<latexit sha1_base64="snjApZDYSfKo1seWN6si0jWMF1Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkrSCrosuunOCvYBaSiT6aQdOpmEmUmhhP6JGxeKuPVP3Pk3TtsstPVwLxzOuZe5c4KEM6Ud59sqbGxube8Ud0t7+weHR/bxSVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47wfh+7ncmVCoWiyc9Tagf4aFgISNYG6lv217jylTWI5ijh5nv9+2yU3EWQOvEzUkZcjT79ldvEJM0okITjpXyXCfRfoalZoTTWamXKppgMsZD6hkqcESVny0un6ELowxQGEvTQqOF+nsjw5FS0ygwkxHWI7XqzcX/PC/V4a2fMZGkmgqyfChMOdIxmseABkxSovnUEEwkM7ciMsISE23CKpkQ3NUvr5N2teLWKtXH63L9Lo+jCGdwDpfgwg3UoQFNaAGBCTzDK7xZmfVivVsfy9GCle+cwh9Ynz//jpKa</latexit>

[H, [H, [H,O]]]
<latexit sha1_base64="8UKpLtkxEfhB3xaER05XwHI9f8U=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkpSBV0W3XRnBfuANJTJdNIOnUzCzESoofgrblwo4tb/cOffOG2z0NbDvXA4517mzgkSzpR2nG9raXlldW29sFHc3Nre2bX39psqTiWhDRLzWLYDrChngjY005y2E0lxFHDaCoY3E7/1QKVisbjXo4T6Ee4LFjKCtZG69qFXO5tV1iGYo9ux7/tdu+SUnSnQInFzUoIc9a791enFJI2o0IRjpTzXSbSfYakZ4XRc7KSKJpgMcZ96hgocUeVn0+vH6MQoPRTG0rTQaKr+3shwpNQoCsxkhPVAzXsT8T/PS3V45WdMJKmmgsweClOOdIwmUaAek5RoPjIEE8nMrYgMsMREm8CKJgR3/suLpFkpu+flyt1FqXqdx1GAIziGU3DhEqpQgzo0gMAjPMMrvFlP1ov1bn3MRpesfOcA/sD6/AFvA5Pu</latexit>

Sz,a
<latexit sha1_base64="Yuf1OLdnepPsFIP8HWACcNMZjlA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxonlAEsLspDcZMju7zMwKcclHePGgiFe/x5t/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8xGV5pF8MOMYuyEdSB5wRo2Vmve99OmMTnrFklt2ZyDLxMtICTLUesWvTj9iSYjSMEG1bntubLopVYYzgZNCJ9EYUzaiA2xbKmmIupvOzp2QE6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoKrbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCRVsCN7iy8ukUSl75+XK3UWpep3FkYcjOIZT8OASqnALNagDgxE8wyu8ObHz4rw7H/PWnJPNHMIfOJ8/K4yPdQ==</latexit>

Sy,a
<latexit sha1_base64="US8JWYLRJzE14ayNDlKYjY+2JVU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQY9FLx4r2g9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLFS66GXjc/ppFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0mzWvEuKtX7y3LtJo+jAMdwAmfgwRXU4A7q0AAGI3iGV3hzEufFeXc+5q0rTj5zBH/gfP4AKgWPdA==</latexit>

Sx,aSz,a+1, Sz,a�1Sx,a,

Sz,a, Sx,a
<latexit sha1_base64="zoPFLCOeyb/Uug2/aq43W0GD67M=">AAACH3icbZDLSsNAFIYn9VbjLerSTbBYBGNJqqjLohuXFe0FmlIm00k7dHJhZiLWkDdx46u4caGIuOvbOLkstHpgmI//P4eZ8zshJVyY5kwpLSwuLa+UV9W19Y3NLW17p82DiCHcQgENWNeBHFPi45YgguJuyDD0HIo7zuQq9Tv3mHES+HdiGuK+B0c+cQmCQkoD7ax6O4gfDJjI69GAR1Zi5HRsJYVj2LZazcXMTLWBVjFrZlb6X7AKqICimgPtyx4GKPKwLxCFnPcsMxT9GDJBEMWJakcchxBN4Aj3JPrQw7wfZ/sl+oFUhrobMHl8oWfqz4kYepxPPUd2elCM+byXiv95vUi4F/2Y+GEksI/yh9yI6iLQ07D0IWEYCTqVABEj8q86GkMGkZCRqjIEa37lv9Cu16yTWv3mtNK4LOIogz2wDw6BBc5BA1yDJmgBBJ7AC3gD78qz8qp8KJ95a0kpZnbBr1Jm3y8XoTc=</latexit>

Sz,a�1Sy,aSz,a+1, Sy,aSz,a+1,

Sz,a�1Sy,a, Sy,a
<latexit sha1_base64="R3QH49lb0d8+QI17YsrvGaW0m4E=">AAACMXicbVBLS8NAGNzUV42vqEcvwaII1pJUQY9FLz1WtA9oQthsN+3SzYPdjRBD/pIX/4l46UERr/4Jt20EbRxYmJ2Zj91v3IgSLgxjopSWlldW18rr6sbm1vaOtrvX4WHMEG6jkIas50KOKQlwWxBBcS9iGPouxV13fDP1uw+YcRIG9yKJsO3DYUA8gqCQkqM1j++c9LEKz8xMkqQKs/n91MyqBcGy1EL8J+VoFaNmzKAXiZmTCsjRcrQXaxCi2MeBQBRy3jeNSNgpZIIgijPVijmOIBrDIe5LGkAfczudbZzpR1IZ6F7I5AmEPlN/T6TQ5zzxXZn0oRjxRW8q/uf1Y+Fd2SkJoljgAM0f8mKqi1Cf1qcPCMNI0EQSiBiRf9XRCDKIhCxZlSWYiysXSadeM89r9duLSuM6r6MMDsAhOAEmuAQN0AQt0AYIPIFX8AbelWdlonwon/NoScln9sEfKF/flWioCQ==</latexit>

· · ·<latexit sha1_base64="9pGPaDabNijkWLtd2pluvCo4p5o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AK+ljzM=</latexit>

· · ·<latexit sha1_base64="9pGPaDabNijkWLtd2pluvCo4p5o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AK+ljzM=</latexit>

2/44

@x(t)

@x(0)
= {x(t), p(0)}P.B. = e�

(cl)
L t

<latexit sha1_base64="SF88ZWWNiW8fIRX2pRFSZ+dJ3Dk="></latexit>

Quantum	analog	of	classical	chaos	(=iniSal	value	sensiSvity)

Also	related	to	thermalizaSon

use	this	as	definiSon	of	quantum	chaos

This	is	reasonable	because



Thermaliza=on	in	isolated	system 3/44
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ThermalizaSon	=	iniSal	pure	state	becomes	indisSnguishable	by	small	operators	
																																from		thermal	mixed	state

U | 0ih 0|U † ?
=Z(�)�1

X

n

e��En |nihn|
<latexit sha1_base64="k14x0RtCFHTNRqlwtzp/mUPLPSw="></latexit>

U = e�iHt
<latexit sha1_base64="p9B5b2w6dmgAKC0v33R2d3hyBt0=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgxZJUQS9C0UuPFUxbbGPZbCft0s0m7E6EEvovvHhQxKv/xpv/xu3HQVsfDDzem2FmXpAIrtFxvq3cyura+kZ+s7C1vbO7V9w/aOg4VQw8FotYtQKqQXAJHnIU0EoU0CgQ0AyGtxO/+QRK81je4ygBP6J9yUPOKBrpwbuGx+yM13DcLZacsjOFvUzcOSmROerd4lenF7M0AolMUK3brpOgn1GFnAkYFzqphoSyIe1D21BJI9B+Nr14bJ8YpWeHsTIl0Z6qvycyGmk9igLTGVEc6EVvIv7ntVMMr/yMyyRFkGy2KEyFjbE9ed/ucQUMxcgQyhQ3t9psQBVlaEIqmBDcxZeXSaNSds/LlbuLUvVmHkeeHJFjckpcckmqpEbqxCOMSPJMXsmbpa0X6936mLXmrPnMIfkD6/MHCo6QgQ==</latexit>

U | 0i
<latexit sha1_base64="kT6eSP2eSDL74QHbngHJpMELdXk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkpSBT0WvXisYNpCG8JmO2mXbjZhdyPU2F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/ar9sFhWyWZpODRhCeyGxIFnAnwNNMcuqkEEoccOuH4ZuZ3HkAqloh7PUnBj8lQsIhRoo0U2FXvqZ8qFjh9ScSQQ2DXnLozB14lbkFqqEArsL/6g4RmMQhNOVGq5zqp9nMiNaMcppV+piAldEyG0DNUkBiUn88Pn+JTowxwlEhTQuO5+nsiJ7FSkzg0nTHRI7XszcT/vF6moys/ZyLNNAi6WBRlHOsEz1LAAyaBaj4xhFDJzK2YjogkVJusKiYEd/nlVdJu1N3zeuPuota8LuIoo2N0gs6Qiy5RE92iFvIQRRl6Rq/ozXq0Xqx362PRWrKKmSP0B9bnD7sWkyI=</latexit>

is	maximally	entangled	(scrambled)	state

contradict	to	unitary	Sme	evoluSon...

U	can	create	entanglement	only	when	U	is	not	tensor	product

operator	growth	in UV U†
<latexit sha1_base64="dIdn+mZuNpEEXsrJIik6VFhdgRI=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPRi8cKpi2ksWw2k3TpZjfsboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MGNUacf5tipr6xubW9Xt2s7u3v5B/fCoq0QuCXhEMCH7IVbAKAdPU82gn0nAacigF45vZ37vCaSigj/oSQZBihNOY0qwNpLvdb3HQYSTBOSw3nCazhz2KnFL0kAlOsP61yASJE+Ba8KwUr7rZDoosNSUMJjWBrmCDJMxTsA3lOMUVFDMT57aZ0aJ7FhIU1zbc/X3RIFTpSZpaDpTrEdq2ZuJ/3l+ruProKA8yzVwslgU58zWwp79b0dUAtFsYggmkppbbTLCEhNtUqqZENzll1dJt9V0L5qt+8tG+6aMo4pO0Ck6Ry66Qm10hzrIQwQJ9Ixe0ZulrRfr3fpYtFascuYY/YH1+QP9fJEQ</latexit>

[Sekino,Susskind,'08]

hSz,5i�
<latexit sha1_base64="nI5+MAN8MDBUD7Fw+hQnLKvcScQ=">AAACBXicbVC7TsMwFHXKq5RXgREGiwqJAVVJAcFYwcJYBH1ITRQ57k1r1XEi20EqURcWfoWFAYRY+Qc2/gb3MUDLka50fM698r0nSDhT2ra/rdzC4tLySn61sLa+sblV3N5pqDiVFOo05rFsBUQBZwLqmmkOrUQCiQIOzaB/NfKb9yAVi8WdHiTgRaQrWMgo0Ubyi/suJ6LLAd/62cPx2dCV46fvBqCJXyzZZXsMPE+cKSmhKWp+8cvtxDSNQGjKiVJtx060lxGpGeUwLLipgoTQPulC21BBIlBeNr5iiA+N0sFhLE0Jjcfq74mMREoNosB0RkT31Kw3Ev/z2qkOL7yMiSTVIOjkozDlWMd4FAnuMAlU84EhhEpmdsW0RySh2gRXMCE4syfPk0al7JyUKzenperlNI482kMH6Ag56BxV0TWqoTqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDzrHmGc=</latexit>



OTOC	and	bound	on	chaos

Bound	on	chaos:

Out-of-Sme-ordered	correlator:																																

For	a	system	with	large	N	(local	degrees	of	freedom),	OTOC	behaves	as

hV (t)W (0)V (t)W (0)i = hV (t)2ihW (0)2i+ 2hV (t)W (0)i2 + hV (t)W (0)V (t)W (0)iconn
<latexit sha1_base64="JxJSvtLiC8jnJGqoaT4vbZ7ejeU="></latexit>

⇠ e��t
<latexit sha1_base64="KpT/dVo+m/75jlbxxEbN2PfuP4o=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0tSBT0WPeixgv2AJpbNdtou3U3C7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC2LOlHacb6uwsrq2vlHcLG1t7+zu2fvllooSSaFJIx7JTkAUcBZCUzPNoRNLICLg0A7G11O//QhSsSi815MYfEGGIRswSrSRenbZU0xgeEhPvRsiBME669kVp+rMgJeJm5MKytHo2V9eP6KJgFBTTpTquk6s/ZRIzSiHrOQlCmJCx2QIXUNDIkD56ez2DB8bpY8HkTQVajxTf0+kRCg1EYHpFESP1KI3Ff/zuokeXPopC+NEQ0jniwYJxzrC0yBwn0mgmk8MIVQycyumIyIJ1SaukgnBXXx5mbRqVfesWrs7r9Sv8jiK6BAdoRPkogtUR7eogZqIoif0jF7Rm5VZL9a79TFvLVj5zAH6A+vzBy+lk+M=</latexit>

⇡ 1
<latexit sha1_base64="Dm4G8AzjHfU1GTFQRALbNm+GNJc=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9kPapWTTbBuabEKSFcvSX+HFgyJe/Tne/Dem7R609cHA470ZZuZFijNjff/bW1ldW9/YLGwVt3d29/ZLB4dNI1NNaINILnU7woZyltCGZZbTttIUi4jTVjS6mfqtR6oNk8m9HSsaCjxIWMwItk566GKltHxCQa9U9iv+DGiZBDkpQ456r/TV7UuSCppYwrExncBXNsywtoxwOil2U0MVJiM8oB1HEyyoCbPZwRN06pQ+iqV2lVg0U39PZFgYMxaR6xTYDs2iNxX/8zqpja/CjCUqtTQh80VxypGVaPo96jNNieVjRzDRzN2KyBBrTKzLqOhCCBZfXibNaiU4r1TvLsq16zyOAhzDCZxBAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8AX3GQHw==</latexit> ⇠ � 1

N
e�Lt

<latexit sha1_base64="qGpdjLktsZFp0OQ/cM3UhqkgA8A=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBjSWpgi6LblyIVLAPaGKYTCbt0MkkzEyEErJ046+4caGIWz/BnX/jtM1CWw9cOJxz78y9x08Ylcqyvo3SwuLS8kp5tbK2vrG5ZW7vtGWcCkxaOGax6PpIEkY5aSmqGOkmgqDIZ6TjDy/HfueBCEljfqdGCXEj1Oc0pBgpLXnmviNpBI+dUCCc2Xl2k5P7zGH6gQB51yr3zKpVsyaA88QuSBUUaHrmlxPEOI0IV5ghKXu2lSg3Q0JRzEhecVJJEoSHqE96mnIUEelmk0NyeKiVAIax0MUVnKi/JzIUSTmKfN0ZITWQs95Y/M/rpSo8dzPKk1QRjqcfhSmDKobjVGBABcGKjTRBWFC9K8QDpDNROruKDsGePXmetOs1+6RWvz2tNi6KOMpgDxyAI2CDM9AAV6AJWgCDR/AMXsGb8WS8GO/Gx7S1ZBQzu+APjM8fyFeZ1Q==</latexit>

operator	growth

For	thermal	OTOC,	analyScity	in	t	requires

�L  2⇡

�
<latexit sha1_base64="djtcDLib/megfHY/fTgpX3FKwDQ=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAiuSlIFXRbduHBRwT6gCWEyuWmHTiZhZiKUkJ0bf8WNC0Xc+gvu/BunbRbaemDgcM653LknSBmVyra/jaXlldW19cpGdXNre2fX3NvvyCQTBNokYYnoBVgCoxzaiioGvVQAjgMG3WB0PfG7DyAkTfi9GqfgxXjAaUQJVlryzSOX6XCI/VuXgRsJTPKGm9IidwNQuPDNml23p7AWiVOSGirR8s0vN0xIFgNXhGEp+46dKi/HQlHCoKi6mYQUkxEeQF9TjmOQXj69o7BOtBJaUSL048qaqr8nchxLOY4DnYyxGsp5byL+5/UzFV16OeVppoCT2aIoY5ZKrEkpVkgFEMXGmmAiqP6rRYZYl6F0dVVdgjN/8iLpNOrOWb1xd15rXpV1VNAhOkanyEEXqIluUAu1EUGP6Bm9ojfjyXgx3o2PWXTJKGcO0B8Ynz9/Lpm3</latexit>

[Maldacena,Shenker,Stanford,'15]

hV (t)W (0)V (t)W (0)i
<latexit sha1_base64="K2xjE5GDqsA34iS1bRGrW46ASr4=">AAACCHicbVDLSgMxFM3UV62vUZcuDBah3ZSZKuiy6MZlBfuAzlAy6W0bmskMSUYopUs3/oobF4q49RPc+Tem0xG09cDlHs65l+SeIOZMacf5snIrq2vrG/nNwtb2zu6evX/QVFEiKTRoxCPZDogCzgQ0NNMc2rEEEgYcWsHoeua37kEqFok7PY7BD8lAsD6jRBupax97nIgBB9ws6XKr5JR/uidTvWsXnYqTAi8TNyNFlKHetT+9XkSTEISmnCjVcZ1Y+xMiNaMcpgUvURATOiID6BgqSAjKn6SHTPGpUXq4H0lTQuNU/b0xIaFS4zAwkyHRQ7XozcT/vE6i+5f+hIk40SDo/KF+wrGO8CwV3GMSqOZjQwiVzPwV0yGRhGqTXcGE4C6evEya1Yp7VqnenhdrV1kceXSETlAJuegC1dANqqMGougBPaEX9Go9Ws/Wm/U+H81Z2c4h+gPr4xs5jJeP</latexit>

he
3�H

4 V (t)e�
�H

4 W (0)e�
�H

4 V (t)e�
�H

4 W (0)i�
<latexit sha1_base64="DW2vR20NB6THxWHU4AkSSdqx6ro="></latexit>
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quanSfies	strength	of	quantum	chaos�L
<latexit sha1_base64="4TLaltlDkrrhZLvTCuAyCR9EC0A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6Lbly4qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/M/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2GeHA3KFfcqjsHWiVeTiqQozkof/XDmKSCSkM41rrnuYnxM6wMI5xOS/1U0wSTMR7SnqUSC6r9bL7wFJ1ZJURRrOyTBs3V3xMZFlpPRGCTApuRXvZm4n9eLzXRlZ8xmaSGSrL4KEo5MjGaXY9CpigxfGIJJorZXREZYYWJsR2VbAne8smrpF2rehfV2n290rjO6yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AZEJkEA=</latexit>



A:	Sachdev-Ye-Kitaev	(SYK)	model

-	saturates	chaos	bound	at	low	temperature

Sachdev-Ye-Kitaev	model

-	solvable	in	large	N	limit

-	SaSsfy	other	quantum	chaos	criteria	(RMT-like	level	staSsScs)

N	fermions	in	0d	with	random	non-local	few	body	interacSons	(k-local)

HSYK =
NX

i<j<k<`

Jijk` i j k `

<latexit sha1_base64="ifaqYDO5LscgcTXdaGreCBUItT8="></latexit>

In	general,	solvable not	chaoSc

Q.	Is	there	a	model	which	saturate	chaos	bound?		If	yes,	how	can	we	see	it?

simple	(i.e.	highly	symmetric)

5/44

-	dual	to	AdS				dilaton	gravity	at	low	energy2



Various	phenomena	related	to	quantum	chaos	can	be	studied	by	SYK	and	its	variants

Applica=ons	of	SYK	model

-	operator	growth	vs	spreading

-	thermalizaSon	by	quantum	quench

-	chaos/integrable	transiSon

-	entanglement	entropy

-	Krylov	complexity

-	sparse	disorder

-	SYK	chain	→	spaSal	direcSon

[Bhahacharya,Jatkar,Sorokhaibam,'18]

[Garcia-Garcia,Loureiro,Romero-Bermudez,Tezuka,'17]

-	RMT	universality	classes

[Chen,Zhang,'19][Zhang,'20]

[Gu,Qi,Stanford,'16]

[Garcia-Garcia,Jia,Rosa,Verbaarschot,'20][Xu,Susskind,Su,Swingle,'20]

[Rberts,Stanford,Streicher,'18][Carrega,Kim,Rosa,'20]

[Kanazawa,Weog,'17]

[Parker,Cao,Avdoshkin,Scaffidi,Altman,'18]

This	tallk:		regenesis

-	Hayden-Preskill	protocol

-	non-HermiSan

-	projecSon	measurement[Nakata,Tezuka,'23]

[Garcia-Garcia,Zheng,Ziogas,'20]

[Milekhin,Popov,'22]
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Regenesis
2/21

A
<latexit sha1_base64="Lihtv2jYSe0RaYbwwPdS8141boc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJQrjMk=</latexit>

〰〰
>

Setup:

�H = gOLOR
<latexit sha1_base64="wGfRKx0jVg+e5aSrnJdIUAVFbN8=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEVyWpgm6Eoi66EKxiL9CEMJlO26GTCzMnQgndufFV3LhQxK2v4M63cdoG0dYfBj7+cw5nzu/HgiuwrC9jbn5hcWk5t5JfXVvf2DS3tusqSiRlNRqJSDZ9opjgIasBB8GasWQk8AVr+P2LUb1xz6TiUXgHg5i5AemGvMMpAW155p5zyQQQXDnrpg4lAl8PvasfuvXMglW0xsKzYGdQQJmqnvnptCOaBCwEKohSLduKwU2JBE4FG+adRLGY0D7pspbGkARMuen4jiE+0E4bdyKpXwh47P6eSEmg1CDwdWdAoKemayPzv1orgc6pm/IwToCFdLKokwgMER6FgttcMgpioIFQyfVfMe0RSSjo6PI6BHv65Fmol4r2UbF0c1won2dx5NAu2keHyEYnqIwqqIpqiKIH9IRe0KvxaDwbb8b7pHXOyGZ20B8ZH99+CJhv</latexit>

t = 0
<latexit sha1_base64="9lr8Li2UVUmXoJ0taxj/PWr382I=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWesBrt1cquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK955pXp/Ua7d5HEU4BhO4Aw8uIQa3EEdGsBgAM/wCm+OdF6cd+dj3rri5DNH8AfO5w/RqY19</latexit>

A
<latexit sha1_base64="Lihtv2jYSe0RaYbwwPdS8141boc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJQrjMk=</latexit>

measure

HL +HR
<latexit sha1_base64="c3zI9ZkuQjd7/Me71M6a5N86Ors=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmtgh6LXnrwUMV+QLss2TTbhmazIckKZemP8OJBEa/+Hm/+G9N2D9r6YODx3gwz80LJmTau++2srK6tb2wWtorbO7t7+6WDw5ZOUkVokyQ8UZ0Qa8qZoE3DDKcdqSiOQ07b4eh26refqNIsEY9mLKkf44FgESPYWKldD+7O68FDUCq7FXcGtEy8nJQhRyMoffX6CUljKgzhWOuu50rjZ1gZRjidFHupphKTER7QrqUCx1T72ezcCTq1Sh9FibIlDJqpvycyHGs9jkPbGWMz1IveVPzP66YmuvYzJmRqqCDzRVHKkUnQ9HfUZ4oSw8eWYKKYvRWRIVaYGJtQ0YbgLb68TFrVindRqd5flms3eRwFOIYTOAMPrqAGdWhAEwiM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AFAYI7b</latexit>

HL +HR
<latexit sha1_base64="c3zI9ZkuQjd7/Me71M6a5N86Ors=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmtgh6LXnrwUMV+QLss2TTbhmazIckKZemP8OJBEa/+Hm/+G9N2D9r6YODx3gwz80LJmTau++2srK6tb2wWtorbO7t7+6WDw5ZOUkVokyQ8UZ0Qa8qZoE3DDKcdqSiOQ07b4eh26refqNIsEY9mLKkf44FgESPYWKldD+7O68FDUCq7FXcGtEy8nJQhRyMoffX6CUljKgzhWOuu50rjZ1gZRjidFHupphKTER7QrqUCx1T72ezcCTq1Sh9FibIlDJqpvycyHGs9jkPbGWMz1IveVPzP66YmuvYzJmRqqCDzRVHKkUnQ9HfUZ4oSw8eWYKKYvRWRIVaYGJtQ0YbgLb68TFrVindRqd5flms3eRwFOIYTOAMPrqAGdWhAEwiM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AFAYI7b</latexit>

t = �t1
<latexit sha1_base64="UQhnPrpIlOl1bLEt1qttPTihwqI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBb0IQS8eI5gHJCHMTmaTMbOzy0yvEJb8gxcPinj1f7z5N06SPWhiQUNR1U13lx9LYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3fKp4VIoXkeBkrdizWnoS970R7dTv/nEtRGResBxzLshHSgRCEbRSg28PsOe1yuW3LI7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZtRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2d9IXmDOXYEsq0sLcSNqSaMrQBFWwI3uLLy6RRKXvn5cr9Ral6k8WRhyM4hlPw4BKqcAc1qAODR3iGV3hzIufFeXc+5q05J5s5hD9wPn8AyeqOnA==</latexit>

QuesSon:	Do	we	observe	a	large	value	of								in	L-system	at	late	Sme?

t = t1
<latexit sha1_base64="osJMPd7n/UUY/HLzZ3RsdclbmAo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh6MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6G7mt564NiJRjzhOeRDTgRKRYBSt5OMN9rxeueJW3TnIKvFyUoEcjV75q9tPWBZzhUxSYzqem2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzI+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilDm0/JhuAtv7xKmrWqd1GtPVxW6rd5HEU4gVM4Bw+uoA730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/X5KOZQ==</latexit>

hAi
<latexit sha1_base64="LUSDkRvIoFgjxlHPdjmyq7Nzj60=">AAAB+XicbZBNS8NAEIYnftb6FfXoZbEInkpSBT1WvXisYD+gKWWznbZLN5uwuymU0H/ixYMiXv0n3vw3btsctPWFhYd3ZpjZN0wE18bzvp219Y3Nre3CTnF3b//g0D06bug4VQzrLBaxaoVUo+AS64Ybga1EIY1Cgc1wdD+rN8eoNI/lk5kk2InoQPI+Z9RYq+u6gaByIJDcBmoOXbfklb25yCr4OZQgV63rfgW9mKURSsME1brte4npZFQZzgROi0GqMaFsRAfYtihphLqTzS+fknPr9Eg/VvZJQ+bu74mMRlpPotB2RtQM9XJtZv5Xa6emf9PJuExSg5ItFvVTQUxMZjGQHlfIjJhYoExxeythQ6ooMzasog3BX/7yKjQqZf+yXHm8KlXv8jgKcApncAE+XEMVHqAGdWAwhmd4hTcnc16cd+dj0brm5DMn8EfO5w8gtZNU</latexit>

L R

L/R	systems	are	the	same	and	strongly	chaoSc

True	answer:	YES,	but	how?

Naive	expectaSon:	NO,	because...

only	weak	&	instantaneous	LR	interacSon

strong	chaos	may	erase	input	excitaSon	in	R-system	quickly

[Maldacena,Stanford,Yang,'17][Gao,Liu,'18]
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? ? ? ?

Set	iniSal	state	to | (0)i = |TFDi� =
X

n

e�(HL+HR)/4|niL ⌦ |niR
<latexit sha1_base64="3CnWcP74x5b+EgPW5E7HoQOnTSY="></latexit>



Regenesis
2/21

Rhn|OR|niR = Lhn|O
⇤
L|niL

<latexit sha1_base64="CDEJ1EEc2KO/F4JRc7RzvpAFOTA=">AAACMnicbVDLSgMxFM3UV62vqks3wSKIizJTBd0IRTcKBWuxD+iMQyZN29BMZkgyQpn2m9z4JYILXSji1o8wbQfUtgcCh3PO5eYeL2RUKtN8NVILi0vLK+nVzNr6xuZWdnunJoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3Wvdzny6w9ESBrwO9UPieOjDqdtipHSkpu9joduxWaIdxiBfBDbGDF4o7UBt8VYdSvnOlOakyndH/2mSm42Z+bNMeAssRKSAwnKbvbZbgU48glXmCEpm5YZKidGQlHMyDBjR5KECPdQhzQ15cgn0onHJw/hgVZasB0I/biCY/XvRIx8Kfu+p5M+Ul057Y3EeV4zUu0zJ6Y8jBTheLKoHTGoAjjqD7aoIFixviYIC6r/CnEXCYSVbjmjS7CmT54ltULeOs4Xbk9yxYukjjTYA/vgEFjgFBTBFSiDKsDgEbyAd/BhPBlvxqfxNYmmjGRmF/yD8f0DW8SraA==</latexit>

t1 & tscr = ��1
L logN

<latexit sha1_base64="JSZueUEblYQ8vMpvw9B40S6ebo8=">AAACEHicbVC7SgNBFJ31GeMramkzGEQbw24UtBGCNhYiEcwDsnGZnZ1NhszuLDN3hbDkE2z8FRsLRWwt7fwbJ49CEw8MHM45lzv3+IngGmz725qbX1hcWs6t5FfX1jc2C1vbdS1TRVmNSiFV0yeaCR6zGnAQrJkoRiJfsIbfuxz6jQemNJfxHfQT1o5IJ+YhpwSM5BUOwHPcDphAhMHLNFWDc1eY+YB41/fZkTNwhezgG69QtEv2CHiWOBNSRBNUvcKXG0iaRiwGKojWLcdOoJ0RBZwKNsi7qWYJoT3SYS1DYxIx3c5GBw3wvlECHEplXgx4pP6eyEikdT/yTTIi0NXT3lD8z2ulEJ61Mx4nKbCYjheFqcAg8bAdHHDFKIi+IYQqbv6KaZcoQsF0mDclONMnz5J6ueQcl8q3J8XKxaSOHNpFe+gQOegUVdAVqqIaougRPaNX9GY9WS/Wu/Uxjs5Zk5kd9AfW5w9ZNJzD</latexit>

| (0)i = |TFDi
<latexit sha1_base64="u1SsFMl4VcOezkQCFwUYaz1mNmw=">AAACC3icbVBNS8NAEN34bf2KevQSWgS9lKQKehGKinhUsLbQhLLZTuvSzSbsTsSS9u7Fv+LFgyJe/QPe/Ddu2xz8ejDweG+GmXlhIrhG1/20pqZnZufmFxYLS8srq2v2+sa1jlPFoMZiEatGSDUILqGGHAU0EgU0CgXUw97JyK/fgtI8llfYTyCIaFfyDmcUjdSyiwM/0XzH3fUVlV0BRwMf4Q6zq7PTYS617JJbdsdw/hIvJyWS46Jlf/jtmKURSGSCat303ASDjCrkTMCw4KcaEsp6tAtNQyWNQAfZ+Jehs22UttOJlSmJzlj9PpHRSOt+FJrOiOKN/u2NxP+8ZoqdwyDjMkkRJJss6qTCwdgZBeO0uQKGom8IZYqbWx12QxVlaOIrmBC83y//JdeVsrdXrlzul6rHeRwLZIsUyQ7xyAGpknNyQWqEkXvySJ7Ji/VgPVmv1tukdcrKZzbJD1jvX/Z6mwI=</latexit>

of																												is	crucial	(c.f.	quantum	teleportaSon	in	LOCC	circuit)

becomes	large	at

Signal	reformulates	because	it	is	scrambled!

Regenesis	is	measured	by

= g�thTFD|[AL(t1),OL][AR(�t1),OR]|TFDi
<latexit sha1_base64="RmwXyUNHNPHkXH7M9oVWZRn3RWc="></latexit>

Note:	 regenesis	takes	place	for	any	A	and	O,	but	the	entanglement	structure

[Maldacena,Stanford,Yang,'17][Gao,Liu,'18]
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hTFD|[AR(�t1), e
igOLOR�tAL(t1)e

�igOLOR�t]|TFDi
<latexit sha1_base64="DQMqfbJGv6PLyu0Mri4Ux5BA8uY="></latexit>

= g�tTrL(e
��HL/2[AL(t1),OL(0)]

2)
<latexit sha1_base64="T8to1VTLATn8bROAVtFc3SH0gLE="></latexit>



Regenesis	=	traversable	wormhole

Maximally	extended	black	hole	is	dual	to	mixed	state														purified	by	the	other	exteriore��H
<latexit sha1_base64="3g5qFFgHgB+IaUmhZPw/3R2s45E=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgxbAbBT0GveQYwTwgu4bZSW8yZPbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXeXn0ih0ba/rcLa+sbmVnG7tLO7t39QPjxq6zhVHFo8lrHq+kyDFBG0UKCEbqKAhb6Ejj++m/mdJ1BaxNEDThLwQjaMRCA4QyO58JhduD4go41pv1yxq/YcdJU4OamQHM1++csdxDwNIUIumdY9x07Qy5hCwSVMS26qIWF8zIbQMzRiIWgvm988pWdGGdAgVqYipHP190TGQq0noW86Q4YjvezNxP+8XorBjZeJKEkRIr5YFKSSYkxnAdCBUMBRTgxhXAlzK+UjphhHE1PJhOAsv7xK2rWqc1mt3V9V6rd5HEVyQk7JOXHINamTBmmSFuEkIc/klbxZqfVivVsfi9aClc8ckz+wPn8AXXuRPg==</latexit>

⇢LR = |TFDihTFD|
<latexit sha1_base64="oXhpPwUqsSwpU/Yvtm5d/DSwmX0=">AAACF3icbVDLSsNAFJ34tr6iLt0Ei+CqJCroRigq4sJFlVaFJoTJ9LYdOpmEmRuxxP6FG3/FjQtF3OrOv3H6QHwduNzDOfcyc0+UCq7RdT+ssfGJyanpmdnC3PzC4pK9vHKhk0wxqLFEJOoqohoEl1BDjgKuUgU0jgRcRp3Dvn95DUrzRFaxm0IQ05bkTc4oGim0S75qJ2F+et7bv/URbjCvHh/1fEVlS4Avhu1Lvw3toltyB3D+Em9EimSESmi/+42EZTFIZIJqXffcFIOcKuRMQK/gZxpSyjq0BXVDJY1BB/ngrp6zYZSG00yUKYnOQP2+kdNY624cmcmYYlv/9vrif149w+ZekHOZZgiSDR9qZsLBxOmH5DS4Aoaiawhlipu/OqxNFWVooiyYELzfJ/8lF1slb7u0dbZTLB+M4pgha2SdbBKP7JIyOSEVUiOM3JEH8kSerXvr0XqxXoejY9ZoZ5X8gPX2CanIoNw=</latexit>

L R

〰〰〰〰

〰〰〰〰

[Maldacena,Susskind,'13]
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L R

⇢0
LR

= e��HL ⌦ e��HR
<latexit sha1_base64="xnRi6SxSXtcLH+eKtQ6KXZo4d10=">AAACGHicbVA9SwNBEN3z2/gVtbRZDKKN8U4FbQTRJkWKKCYKuXjsbSZmce/22J0TwnE/w8a/YmOhiG06/42bmCJ+PBh4vDfDzLwwkcKg6346E5NT0zOzc/OFhcWl5ZXi6lrDqFRzqHMllb4JmQEpYqijQAk3iQYWhRKuw/vzgX/9ANoIFV9hL4FWxO5i0RGcoZWC4p6vuyrIqpf59gncZrt+CMhoJajmvkIRgaHj6mUeFEtu2R2C/iXeiJTICLWg2PfbiqcRxMglM6bpuQm2MqZRcAl5wU8NJIzfsztoWhozu7OVDR/L6ZZV2rSjtK0Y6VAdn8hYZEwvCm1nxLBrfnsD8T+vmWLnuJWJOEkRYv69qJNKiooOUqJtoYGj7FnCuBb2Vsq7TDOONsuCDcH7/fJf0tgvewfl/YvD0unZKI45skE2yQ7xyBE5JRVSI3XCySN5Jq/kzXlyXpx35+O7dcIZzayTH3D6X5iTn3w=</latexit>

〰〰〰〰〰

<

-t1

t=0

gOLOR
<latexit sha1_base64="fS+TYRrBkfg9AXExLLzixPdLOb0=">AAACD3icbZDLSgMxFIYzXmu9VV26CRbFVZmpgi6LblwIVrEXaEvJpKdtaOZCckYsw7yBG1/FjQtF3Lp159uYToto64HAx/+fk5z8biiFRtv+submFxaXljMr2dW19Y3N3NZ2VQeR4lDhgQxU3WUapPChggIl1EMFzHMl1NzB+civ3YHSIvBvcRhCy2M9X3QFZ2ikdu6giXCP6T2xgk4S9+ImZ5JeJe3LH7pJ2rm8XbDTorPgTCBPJlVu5z6bnYBHHvjIJdO64dghtmKmUHAJSbYZaQgZH7AeNAz6zAPditM9ErpvlA7tBsocH2mq/p6Imaf10HNNp8ewr6e9kfif14iwe9qKhR9GCD4fP9SNJMWAjsKhHaGAoxwaYFwJsyvlfaYYRxNh1oTgTH95FqrFgnNUKF4f50tnkzgyZJfskUPikBNSIhekTCqEkwfyRF7Iq/VoPVtv1vu4dc6azOyQP2V9fAMDyp0/</latexit>

Signal	on	R	at																				can	propagate	to	L	if																				,

〰〰〰〰〰〰

<

-t1

t2

which	reaches	L	att1 & tscr
<latexit sha1_base64="N9rMUUF18J8QQ56zSdrUNRHUvpM=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclZkq6LLoxmUF+4B2GDJppg1NMkNyRyxDf8WNC0Xc+iPu/BvTdhbaeiBwOOdc7s2JUsENeN63s7a+sbm1Xdop7+7tHxy6R5W2STJNWYsmItHdiBgmuGIt4CBYN9WMyEiwTjS+nfmdR6YNT9QDTFIWSDJUPOaUgJVCtwKh3x+CDUgMYW6onoZu1at5c+BV4hekigo0Q/erP0hoJpkCKogxPd9LIciJBk4Fm5b7mWEpoWMyZD1LFZHMBPn89ik+s8oAx4m2TwGeq78nciKNmcjIJiWBkVn2ZuJ/Xi+D+DrIuUozYIouFsWZwJDgWRF4wDWjICaWEKq5vRXTEdGEgq2rbEvwl7+8Str1mn9Rq99fVhs3RR0ldIJO0Tny0RVqoDvURC1E0RN6Rq/ozZk6L86787GIrjnFzDH6A+fzBzOGlIw=</latexit>

t = �t1
<latexit sha1_base64="UQhnPrpIlOl1bLEt1qttPTihwqI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBb0IQS8eI5gHJCHMTmaTMbOzy0yvEJb8gxcPinj1f7z5N06SPWhiQUNR1U13lx9LYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3fKp4VIoXkeBkrdizWnoS970R7dTv/nEtRGResBxzLshHSgRCEbRSg28PsOe1yuW3LI7A1kmXkZKkKHWK351+hFLQq6QSWpM23Nj7KZUo2CSTwqdxPCYshEd8LaliobcdNPZtRNyYpU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2d9IXmDOXYEsq0sLcSNqSaMrQBFWwI3uLLy6RRKXvn5cr9Ral6k8WRhyM4hlPw4BKqcAc1qAODR3iGV3hzIufFeXc+5q05J5s5hD9wPn8AyeqOnA==</latexit>

[Gao,Jafferis,Wall,'16]

t2 ⇠ t1
<latexit sha1_base64="Rvo31xe17/lYfxXlr3OafbwP9Ss=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxWME84DNssxOZpMh81hmeoUQ8hlePCji1a/x5t84SfagiQUNRVU33V1JJrgF3//21tY3Nre2Szvl3b39g8PK0XHb6txQ1qJaaNNNiGWCK9YCDoJ1M8OITATrJKO7md95YsZyrR5hnLFIkoHiKacEnBRCXO9ZLjHEQVyp+jV/DrxKgoJUUYFmXPnq9TXNJVNABbE2DPwMogkxwKlg03IvtywjdEQGLHRUEclsNJmfPMXnTunjVBtXCvBc/T0xIdLasUxcpyQwtMveTPzPC3NIb6IJV1kOTNHFojQXGDSe/Y/73DAKYuwIoYa7WzEdEkMouJTKLoRg+eVV0q7Xgsta/eGq2rgt4iihU3SGLlCArlED3aMmaiGKNHpGr+jNA+/Fe/c+Fq1rXjFzgv7A+/wBe5eQug==</latexit>

Lex	case	can	be	made	traversable	by	non-nocal	LR	interacSon

different	from

This	talk:	regenesis	in	field	theory	side	simulated	by	SYK	model.
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Short	Summary	&	Contents

2.	Regenesis	(revival)	in	two	coupled	SYK

3.	Imperfectly	correlated	disorder

1.	SYK	model	in	large	N	limit

no	revival revival	oscillaSon

similar	to	uncoupled	SYK
�L ⌧ 1

<latexit sha1_base64="G0fhhzYqZk+nQOCElkGw5ztRDdQ=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRjQsXFewDmlgmk0k7dDIJMxOlhP6HGxeKuPVf3Pk3TtMstPXAwOGcc7l3jp9wprRtf1ulldW19Y3yZmVre2d3r7p/0FFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuP76e+d1HKhWLxb2eJNSL8FCwkBGsjfTgchMN8ODW5Rw5g2rNrts50DJxClKDAq1B9csNYpJGVGjCsVJ9x060l2GpGeF0WnFTRRNMxnhI+4YKHFHlZfnVU3RilACFsTRPaJSrvycyHCk1iXyTjLAeqUVvJv7n9VMdXnoZE0mqqSDzRWHKkY7RrAIUMEmJ5hNDMJHM3IrICEtMtCmqYkpwFr+8TDqNunNWb9yd15pXRR1lOIJjOAUHLqAJN9CCNhCQ8Ayv8GY9WS/Wu/Uxj5asYuYQ/sD6/AGsVpH3</latexit>

gapped

4.	Summary	&	Future	problems

high	T	phase: low	T	phase:

�L ⇠ 2⇡T
<latexit sha1_base64="D4+tWjgg8sMkgtSBfFndwXyNkNc=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTBV0W3bhwUaEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA451zuzQlTRpV2nG+rtLK6tr5R3qxsbe/s7tn7Bx2VZBKTNk5YInshUoRRQdqaakZ6qSSIh4x0w9HN1O8+EKloIlp6nBKfo4GgMcVIGymwjzxmwhEK7jxFOax7KYWtwK46NWcGuEzcglRBgWZgf3lRgjNOhMYMKdV3nVT7OZKaYkYmFS9TJEV4hAakb6hAnCg/n10/gadGiWCcSPOEhjP190SOuFJjHpokR3qoFr2p+J/Xz3R85edUpJkmAs8XxRmDOoHTKmBEJcGajQ1BWFJzK8RDJBHWprCKKcFd/PIy6dRr7nmtfn9RbVwXdZTBMTgBZ8AFl6ABbkETtAEGj+AZvII368l6sd6tj3m0ZBUzh+APrM8fWAWUfw==</latexit>

quasi-parScle	picture	is	good
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[reviews]



Short	Summary	&	Contents

2.	Regenesis	(revival)	in	two	coupled	SYK

3.	Imperfectly	correlated	disorder

1.	SYK	model	in	large	N	limit

no	revival revival	oscillaSon

similar	to	uncoupled	SYK
�L ⌧ 1

<latexit sha1_base64="G0fhhzYqZk+nQOCElkGw5ztRDdQ=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRjQsXFewDmlgmk0k7dDIJMxOlhP6HGxeKuPVf3Pk3TtMstPXAwOGcc7l3jp9wprRtf1ulldW19Y3yZmVre2d3r7p/0FFxKgltk5jHsudjRTkTtK2Z5rSXSIojn9OuP76e+d1HKhWLxb2eJNSL8FCwkBGsjfTgchMN8ODW5Rw5g2rNrts50DJxClKDAq1B9csNYpJGVGjCsVJ9x060l2GpGeF0WnFTRRNMxnhI+4YKHFHlZfnVU3RilACFsTRPaJSrvycyHCk1iXyTjLAeqUVvJv7n9VMdXnoZE0mqqSDzRWHKkY7RrAIUMEmJ5hNDMJHM3IrICEtMtCmqYkpwFr+8TDqNunNWb9yd15pXRR1lOIJjOAUHLqAJN9CCNhCQ8Ayv8GY9WS/Wu/Uxj5asYuYQ/sD6/AGsVpH3</latexit>

gapped

No	phase	transiSon	when	correlaSon	is	below	a	finite	value

less	gapped												less	revival

4.	Summary	&	Future	problems

high	T	phase: low	T	phase:

�L ⇠ 2⇡T
<latexit sha1_base64="D4+tWjgg8sMkgtSBfFndwXyNkNc=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTBV0W3bhwUaEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA451zuzQlTRpV2nG+rtLK6tr5R3qxsbe/s7tn7Bx2VZBKTNk5YInshUoRRQdqaakZ6qSSIh4x0w9HN1O8+EKloIlp6nBKfo4GgMcVIGymwjzxmwhEK7jxFOax7KYWtwK46NWcGuEzcglRBgWZgf3lRgjNOhMYMKdV3nVT7OZKaYkYmFS9TJEV4hAakb6hAnCg/n10/gadGiWCcSPOEhjP190SOuFJjHpokR3qoFr2p+J/Xz3R85edUpJkmAs8XxRmDOoHTKmBEJcGajQ1BWFJzK8RDJBHWprCKKcFd/PIy6dRr7nmtfn9RbVwXdZTBMTgBZ8AFl6ABbkETtAEGj+AZvII368l6sd6tj3m0ZBUzh+APrM8fWAWUfw==</latexit>

quasi-parScle	picture	is	good

10/44

[TN,Numasawa,'19][TN,Numasawa,'22]

[TN,Numasawa,'20]	+	[reviews]

[reviews]



Sachdev-Ye-Kitaev	model

:	Gaussian	disorder

Physical	quanSSes	are	defined	as	(quenched)	average

{ i, j} = �ij
<latexit sha1_base64="jkWOI3ty6nrRW4MDFxrdrFnTnBo=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQkpSBd0IRTcuK9gHNCFMJtN22skkzEyEErJy46+4caGIW7/BnX/jNM1CWw9c7uGce5m5x48Zlcqyvo3S0vLK6lp5vbKxubW9Y+7utWWUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj2+mfueBCEkjfq8mMXFDNOC0TzFSWvLMQyd1Ykk9epq3kZNdOQFhCnkpHWWeWbVqVg64SOyCVEGBpmd+OUGEk5BwhRmSsmdbsXJTJBTFjGQVJ5EkRniMBqSnKUchkW6an5HBY60EsB8JXVzBXP29kaJQykno68kQqaGc96bif14vUf1LN6U8ThThePZQP2FQRXCaCQyoIFixiSYIC6r/CvEQCYSVTq6iQ7DnT14k7XrNPqvV786rjesijjI4AEfgBNjgAjTALWiCFsDgETyDV/BmPBkvxrvxMRstGcXOPvgD4/MH1IyZWw==</latexit>

HSYK =
NX

i<j<k<`

Jijk` i j k `

<latexit sha1_base64="ifaqYDO5LscgcTXdaGreCBUItT8="></latexit>

Jijk`
<latexit sha1_base64="2kTNPYyt1Oh1RvmEAJGjGYjoyqE=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj0Ip4q2A9oQ9lsJ+3aTTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqOTS4kkq3A2ZAihgaKFBCO9HAokBCKxjdTP3WE2gjVPyA4wT8iA1iEQrO0Eqdu14mHkddkHLSK5XdijsDXSZeTsokR71X+ur2FU8jiJFLZkzHcxP0M6ZRcAmTYjc1kDA+YgPoWBqzCIyfzU6e0FOr9GmotK0Y6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J45WciTlKEmM8XhamkqOj0f9oXGjjKsSWMa2FvpXzINONoUyraELzFl5dJs1rxzivV+4ty7TqPo0COyQk5Ix65JDVyS+qkQThR5Jm8kjcHnRfn3fmYt644+cwR+QPn8wd+qZFk</latexit>

O =  i(⌧) i(0)
<latexit sha1_base64="1dsjgU2aYb0DYh9GtQ9dC8kHW8Q=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEitJuSVEE3QtGNOyvYVmhCmEwn7dDJhZkToYTu3Pgqblwo4tZXcOfbOG2z0NYfBj7+cw5nzu8ngiuwrG+jsLS8srpWXC9tbG5t75i7e20Vp5KyFo1FLO99opjgEWsBB8HuE8lI6AvW8YdXk3rngUnF4+gORglzQ9KPeMApAW155mHmUCLwzfjCSRT3eMUBklZztqqeWbZq1lR4EewcyihX0zO/nF5M05BFQAVRqmtbCbgZkcCpYOOSkyqWEDokfdbVGJGQKTeb3jHGx9rp4SCW+kWAp+7viYyESo1CX3eGBAZqvjYx/6t1UwjO3YxHSQosorNFQSowxHgSCu5xySiIkQZCJdd/xXRAJKGgoyvpEOz5kxehXa/ZJ7X67Wm5cZnHUUQH6AhVkI3OUANdoyZqIYoe0TN6RW/Gk/FivBsfs9aCkc/soz8yPn8AczyYYw==</latexit>

+ + +

+

hOiquench =
DTrOe��H

Tre��H

E

Jijk`
<latexit sha1_base64="lI6tmH7ZlmxeDKdvcgZUf6zeUU4="></latexit>

+ ...++ +

hJ2
ijk`i = J 2N�3

<latexit sha1_base64="wMeFTWJK7l6OOv1RXS/++EJexDo=">AAACFnicbZDLSgMxFIYzXmu9jbp0EyyCm5aZVtCNUHQjXUgFe4FOWzLpaRubyQxJRihDn8KNr+LGhSJuxZ1vY3pZaOsPgZ/vnMPJ+f2IM6Ud59taWl5ZXVtPbaQ3t7Z3du29/aoKY0mhQkMeyrpPFHAmoKKZ5lCPJJDA51DzB1fjeu0BpGKhuNPDCJoB6QnWZZRog9p21uNE9DjgUjth9wMPOB+18p6cwIvEo4TjkiE3rSRbGLXtjJNzJsKLxp2ZDJqp3La/vE5I4wCEppwo1XCdSDcTIjWjHEZpL1YQETogPWgYK0gAqplMzhrhY0M6uBtK84TGE/p7IiGBUsPAN50B0X01XxvD/2qNWHfPmwkTUaxB0OmibsyxDvE4I9xhEqjmQ2MIlcz8FdM+kYRqk2TahODOn7xoqvmcW8jlb08zxctZHCl0iI7QCXLRGSqia1RGFUTRI3pGr+jNerJerHfrY9q6ZM1mDtAfWZ8/lpie/A==</latexit>

(J = 1)
<latexit sha1_base64="suEBv5DCotp5hNANJ8jLfupksmg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXspuFfQiFL2IpwrWFrpLyabZNjTJLklWKEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRcmnGnjut9OYWV1bX2juFna2t7Z3SvvHzzqOFWEtkjMY9UJsaacSdoyzHDaSRTFIuS0HY5upn77iSrNYvlgxgkNBB5IFjGCjZX8auYTzNHd5Mo77ZUrbs2dAS0TLycVyNHslb/8fkxSQaUhHGvd9dzEBBlWhhFOJyU/1TTBZIQHtGupxILqIJvdPEEnVumjKFa2pEEz9fdEhoXWYxHaToHNUC96U/E/r5ua6DLImExSQyWZL4pSjkyMpgGgPlOUGD62BBPF7K2IDLHCxNiYSjYEb/HlZfJYr3lntfr9eaVxncdRhCM4hip4cAENuIUmtIBAAs/wCm9O6rw4787HvLXg5DOH8AfO5w9wcZCj</latexit>
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Large	N	simplifica=on

+ +

+ + + ...+

+ +

index	sum:	

:

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit> 1

N�3
<latexit sha1_base64="f65EzwfiUTErk8H+n+yK8FwuYZI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FfRY9OJJKtgPaNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up33qiSjMp7s04pn6EB4KFjGBjpebtQ3pWnfSKJbfszoCWiZeREmSo94pf3b4kSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EnVilj0KpbAmDZurviRRHWo+jwHZG2Az1ojcV//M6iQkv/ZSJODFUkPmiMOHISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXiLLy+TZqXsVcuVu/NS7SqLIw9HcAyn4MEF1OAG6tAAAo/wDK/w5kjnxXl3PuatOSebOYQ/cD5/AP1ojr4=</latexit> 1

2
3

1
2
3

4
5
6

1
2
3 4

1
2
3

N�2
<latexit sha1_base64="qNzLefuBev+uFF1/0FhiPcBIJEY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FfRY9OJJKtgPaNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up33qiSjMp7s04pn6EB4KFjGBjpebtQ3pWmfSKJbfszoCWiZeREmSo94pf3b4kSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EnVilj0KpbAmDZurviRRHWo+jwHZG2Az1ojcV//M6iQkv/ZSJODFUkPmiMOHISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXiLLy+TZqXsVcuVu/NS7SqLIw9HcAyn4MEF1OAG6tAAAo/wDK/w5kjnxXl3PuatOSebOYQ/cD5/APvjjr0=</latexit>

1 1

Only	melonic	diagrams	contributes	at	large	N

+

+

1
2
34 4

5
6

1

1PI 1PI 1PI= + + + ...

1PI =
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Two-point	func=on

Schwinger-Dyson	equaSon:

At	low	temperature,	G(τ)	decays	in	power-law
0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.1

0.2

0.3

0.4

G(⌧) ⇠ ⌧�
1
2

<latexit sha1_base64="h72T/5BbCtY1QXeAfSyGlBR9SSs=">AAACCHicbZC7TsMwFIadcivlFmBkwKJCKgNVUpBgrGCAsUj0IjWhclyntWo7ke0gVVFGFl6FhQGEWHkENt4Gp+0AhV+y9Ok/5+j4/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6WiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2MLrM6+17IhWNxK0ex8TnaCBoSDHSxurZ+1cVT6PkyFOUw5zu0mMvlAinbpbWsqxnl52qMxH8C+4MymCmRs/+9PoRTjgRGjOkVNd1Yu2nSGqKGclKXqJIjPAIDUjXoECcKD+dHJLBQ+P0YRhJ84SGE/fnRIq4UmMemE6O9FDN13Lzv1o30eG5n1IRJ5oIPF0UJgzqCOapwD6VBGs2NoCwpOavEA+RiUGb7EomBHf+5L/QqlXdk2rt5rRcv5jFUQR74ABUgAvOQB1cgwZoAgwewBN4Aa/Wo/VsvVnv09aCNZvZBb9kfXwDB22ZXA==</latexit>

0.00 0.02 0.04 0.06 0.08
0.00

0.05

0.10

0.15

0.20

0.25

O(N)	entropy	even	at T ! 0
<latexit sha1_base64="hiOBlJCvuJDNkQGQDglomQ0vzAc=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWOEvCBZw+xkkgyZ3Vlmeg1hyX948aCIV//Fm3/jJNmDJhY0FFXddHcFsRQGXffbWVvf2Nzazu3kd/f2Dw4LR8cNoxLNeJ0pqXQroIZLEfE6CpS8FWtOw0DyZjC6m/nNJ66NUFENJzH3QzqIRF8wilZ6rHW0GAyRaq3GxO0Wim7JnYOsEi8jRchQ7Ra+Oj3FkpBHyCQ1pu25Mfop1SiY5NN8JzE8pmxEB7xtaURDbvx0fvWUnFulR/pK24qQzNXfEykNjZmEge0MKQ7NsjcT//PaCfZv/FREcYI8YotF/UQSVGQWAekJzRnKiSWUaWFvJWxINWVog8rbELzll1dJo1zyLkvlh6ti5TaLIwencAYX4ME1VOAeqlAHBhqe4RXenLHz4rw7H4vWNSebOYE/cD5/ADlTklM=</latexit>

Not	gapped		(if	gapped,																												)

13/44

G(⌧) ⇠ e�Egap⌧
<latexit sha1_base64="w75c3SAjjA6eKRQZP4gduByWYpo=">AAACDHicbVDLSgNBEJyN7/iKevQyGAQ9GHajoEdRRI8KJgaya5iddJIhsw9mesWw7Ad48Ve8eFDEqx/gzb9xEvegiQUDRVU1PV1+LIVG2/6yClPTM7Nz8wvFxaXlldXS2npdR4niUOORjFTDZxqkCKGGAiU0YgUs8CXc+P3ToX9zB0qLKLzGQQxewLqh6AjO0EitUvl8x0WW7LpaBBRu072zVuoi3GPaZXGWDb3MpOyKPQKdJE5OyiTHZav06bYjngQQIpdM66Zjx+ilTKHgErKim2iIGe+zLjQNDVkA2ktHx2R02yht2omUeSHSkfp7ImWB1oPAN8mAYU+Pe0PxP6+ZYOfIS0UYJwgh/1nUSSTFiA6boW2hgKMcGMK4EuavlPeYYhxNf0VTgjN+8iSpVyvOfqV6dVA+PsnrmCebZIvsEIcckmNyQS5JjXDyQJ7IC3m1Hq1n6816/4kWrHxmg/yB9fEN4Hibiw==</latexit>

@⌧G(⌧1, ⌧2)�
Z �

0
d⌧ 0⌃(⌧1, ⌧

0)G(⌧ 0, ⌧2) = �(⌧1 � ⌧2)

⌃(⌧1, ⌧2) = G(⌧1, ⌧2)
3

<latexit sha1_base64="6sMrGMoilkHPV4AZHedWK2/7iIE="></latexit>
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G(⌧1, ⌧2) ! (f 0(⌧1)f
0(⌧2))

1
4G(f(⌧1), f(⌧2))

<latexit sha1_base64="VMx0VqxW4Uju/4ofbqAVb9xr1xU="></latexit>

Emergent	reparametrizaSon	symmetry

Axer	choosing	a	soluSon																																								,	there	is	sSll	SL(2,R)	symmetry

Same	symmetry	and	spontaneous	breaking	pahern

f(τ)	in	SYK	=	reparametrizaSon	of	boundary	in	JT	gravity

R+ 2 = 0 :	AdS2
Z

D�

No	bulk	graviton dynamical	d.o.f.	=	shape	of	boundary

G(⌧1, ⌧2) = |⌧1 � ⌧2|�
1
2

<latexit sha1_base64="ZHcny6t5O+iIR1SFctfrdSCsWEc=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUsDWJgm6EogtdVrAPaGKYTCft0MmDmYlQ0nyGG3/FjQtF3Hbn3zhNs9DWA8Oce869zNzjRpRwoevfSmFpeWV1rbhe2tjc2t5Rd/daPIwZwk0U0pB1XMgxJQFuCiIo7kQMQ9+luO0Ob6Z++wkzTsLgQYwibPuwHxCPICik5KintxVLwNgxTrLLPL4az+rqrB4/JlXLYxAlRpqYaeqoZb2mZ9AWiZGTMsjRcNSJ1QtR7ONAIAo57xp6JOwEMkEQxWnJijmOIBrCPu5KGkAfczvJFku1I6n0NC9k8gRCy9TfEwn0OR/5ruz0oRjweW8q/ud1Y+Fd2gkJoljgAM0e8mKqiVCbpqT1CMNI0JEkEDEi/6qhAZQxCJllSYZgzK+8SFpmzTirmffn5fp1HkcRHIBDUAEGuAB1cAcaoAkQeAav4B18KC/Km/KpfM1aC0o+sw/+QJn8AELsn1M=</latexit>

z ⇠ 0
<latexit sha1_base64="WAz18yhaIhd7af0rseCx2kDeURI=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx4r2A9ol5JNs21okl2SrFCX/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//ci04bF6sJOEBZIMFY84JdZJ7aee4RJ7/XLFq3pz4FXi56QCORr98ldvENNUMmWpIMZ0fS+xQUa05VSwaamXGpYQOiZD1nVUEclMkM3PneIzpwxwFGtXyuK5+nsiI9KYiQxdpyR2ZJa9mfif101tdB1kXCWpZYouFkWpwDbGs9/xgGtGrZg4Qqjm7lZMR0QTal1CJReCv/zyKmnVqv5FtXZ/Wanf5HEU4QRO4Rx8uII63EEDmkBhDM/wCm8oQS/oHX0sWgsonzmGP0CfP8g+jzM=</latexit>

z = 0
<latexit sha1_base64="XB71XkCsRC9heeHQYgUOF2a0xwQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHiOYByRJmJ51kyOzsMjMrxCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwupn6zUdUmkfywYxj9EM6kLzPGTVWun+6crvFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukUSl7Z+XK3Xmpep3FkYcjOIZT8OACqnALNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8f2s2Ngw==</latexit>

ds2 =
dt2 + dz2

z2
<latexit sha1_base64="/f1PlPgo9W5mlKU04xZrLoehUg4=">AAACA3icbVDLSsNAFL3xWesr6k43wSIIQkmioBuh6MZlBfuANi2TyaQdOpmEmYlQQ8GNv+LGhSJu/Ql3/o3TNgttPXAvh3PuZeYeP2FUKtv+NhYWl5ZXVgtrxfWNza1tc2e3LuNUYFLDMYtF00eSMMpJTVHFSDMRBEU+Iw1/cD32G/dESBrzOzVMiBehHqchxUhpqWvuB7LjXrZDgXAWqI57Ejx03FE2bl2zZJftCax54uSkBDmqXfOrHcQ4jQhXmCEpW46dKC9DQlHMyKjYTiVJEB6gHmlpylFEpJdNbhhZR1oJrDAWuriyJurvjQxFUg4jX09GSPXlrDcW//NaqQovvIzyJFWE4+lDYcosFVvjQKyACoIVG2qCsKD6rxbuI52H0rEVdQjO7MnzpO6WndOye3tWqlzlcRTgAA7hGBw4hwrcQBVqgOERnuEV3own48V4Nz6mowtGvrMHf2B8/gBHkJdK</latexit>

(t(u), z(u))
<latexit sha1_base64="VjFH5LHpeSJHH6asJGfEGbdkR48=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK0IGWmCrosunFZwT5gOpRMmmlDM8mQ3BFq6We4caGIW7/GnX9j2s5CWw8kHM65l3vvCRPBDbjut5NbW9/Y3MpvF3Z29/YPiodHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3c789iPThiv5AOOEBTEZSB5xSsBKfhnKaeX8yX6VXrHkVt058CrxMlJCGRq94le3r2gaMwlUEGN8z00gmBANnAo2LXRTwxJCR2TAfEsliZkJJvOVp/jMKn0cKW2fBDxXf3dMSGzMOA5tZUxgaJa9mfif56cQXQcTLpMUmKSLQVEqMCg8ux/3uWYUxNgSQjW3u2I6JJpQsCkVbAje8smrpFWrehfV2v1lqX6TxZFHJ+gUlZGHrlAd3aEGaiKKFHpGr+jNAefFeXc+FqU5J+s5Rn/gfP4AMPuP4w==</latexit>

Same	effecSve	acSon S = N

Z
d⌧

2f 0f 000 � 3(f 00)2

2(f 0)2
<latexit sha1_base64="uLlRI1U+0awff6uUiNROYfFej3M=">AAACF3icbZBNS8NAEIY39avWr6hHL4tFWg+WJBX0IhS9eJKK9gOaWDbbTbt0swm7G6GE/gsv/hUvHhTxqjf/jds2B60OLPvwzgwz8/oxo1JZ1peRW1hcWl7JrxbW1jc2t8ztnaaMEoFJA0csEm0fScIoJw1FFSPtWBAU+oy0/OHFJN+6J0LSiN+qUUy8EPU5DShGSktds3JzduVSrmDPVSiBbiAQTp2gFJRKpaNqWX+Hd844dTRNoGsWrYo1DfgX7AyKIIt61/x0exFOQsIVZkjKjm3FykuRUBQzMi64iSQxwkPUJx2NHIVEeun0rjE80EoPBpHQT684VX92pCiUchT6ujJEaiDncxPxv1wnUcGpl1IeJ4pwPBsUJAyqCE5Mgj0qCFZspAFhQfWuEA+QtkZpKwvaBHv+5L/QdCp2teJcHxdr55kdebAH9kEZ2OAE1MAlqIMGwOABPIEX8Go8Gs/Gm/E+K80ZWc8u+BXGxzePJZxh</latexit>

S =
1

16⇡GN

hZ

M
�(R+ 2) + �b

Z

@M
K
i

<latexit sha1_base64="DVfW3lhTj7j2aNM+yaYjwKifCvY="></latexit>

SYK	at	low	temperature:

Jackiw-Teitelboim	gravity	(2d	gravity	+	dilaton):

∵

[Teitelboim,'83][Jackiw,'85]



Contents

3.	Imperfectly	correlated	disorder

4.	Future	problems

1.	SYK	model	in	large	N	limitX
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>

[TN,Numasawa,'19][TN,Numasawa,'22]

[reviews]

2.	Regenesis	(revival)	in	two	coupled	SYK [TN,Numasawa,'20]	+	[reviews]



Two-coupled	SYK

is	relevant	and	gapped H	is	gapped

μ

At	low	temperature,

h[�L(t),�R(0)]i� ⇡ �⇤hTFD|[�L(t),�R(0)]|TFDi�⇤
<latexit sha1_base64="xaJK169v300E5KfVLfZy4vDrkbI="></latexit>

:	same	as	regenesis

(figure	from	[Alet,Hanada,Peng,'20])

( L
i � i R

i )|Ii = 0
<latexit sha1_base64="15YXYNL7pu/LcgCXV8+OFWlbdpU=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIdWFJqqAboehGwUUVe4Emhsl00g6dTMLMRCixSze+ihsXirj1Edz5Nk7bLLT1h4GP/5zDmfP7MaNSWda3MTM7N7+wmFvKL6+srq2bG5t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafi982G9cU+EpBG/Vf2YuCHqcBpQjJS2PHOn6MSSevTu6oBmdLP/cOkIxDuMnFqeWbBK1khwGuwMCiBT1TO/nHaEk5BwhRmSsmVbsXJTJBTFjAzyTiJJjHAPdUhLI0chkW46OmQA97TThkEk9OMKjtzfEykKpeyHvu4MkerKydrQ/K/WSlRw4qaUx4kiHI8XBQmDKoLDVGCbCoIV62tAWFD9V4i7SCCsdHZ5HYI9efI01Msl+7BUvj4qVM6yOHJgG+yCIrDBMaiAC1AFNYDBI3gGr+DNeDJejHfjY9w6Y2QzW+CPjM8fk8qZDQ==</latexit>

H = HSYK( 
L
i ) +HSYK( 

R
i ) + µHint

<latexit sha1_base64="AF/ISk0bujb1JbXC2ihUANGGZeM=">AAACL3icbVDLSgMxFM3Ud31VXboJFkEplJkq6EYoClLQRX20Kp06ZNKMhmYeJHfEMswfufFX3Igo4ta/MH0g2vZA4HDOvdyc40aCKzDNNyMzMTk1PTM7l51fWFxazq2s1lUYS8pqNBShvHaJYoIHrAYcBLuOJCO+K9iV2z7q+lcPTCoeBpfQiVjTJ3cB9zgloCUnd1w5qDiJDewRkoubkzTdsiPFHX57ul0Yb5xvF2w/xr8mDyBNnVzeLJo94FFiDUgeDVB1ci92K6SxzwKggijVsMwImgmRwKlgadaOFYsIbZM71tA0ID5TzaSXN8WbWmlhL5T6BYB76t+NhPhKdXxXT/oE7tWw1xXHeY0YvP2mThTFwALaP+TFAkOIu+XhFpeMguhoQqjk+q+Y3hNJKOiKs7oEazjyKKmXitZOsXS2my8fDuqYRetoA20hC+2hMqqgKqohip7QC3pHH8az8Wp8Gl/90Ywx2FlD/2B8/wBRbqnh</latexit>

Hint = i

X

i

 
L
i  

R
i

<latexit sha1_base64="fW0EXBOWQ2qDcRJw06KmYAAF9OM=">AAACD3icbVC7TsMwFHXKq5RXgJElogIxVUlBggWpgqUDQ0H0ITUhclynteo8ZN8gqih/wMKvsDCAECsrG3+D22aAliNZPjrnXtnneDFnEkzzWyssLC4trxRXS2vrG5tb+vZOS0aJILRJIh6Jjocl5SykTWDAaScWFAcep21veDn22/dUSBaFtzCKqRPgfsh8RjAoydUP625qA32AlIWQZefMlkngMjuWzGV3V/l94+pls2JOYMwTKydllKPh6l92LyJJQEMgHEvZtcwYnBQLYITTrGQnksaYDHGfdhUNcUClk07yZMaBUnqGHwl1QjAm6u+NFAdSjgJPTQYYBnLWG4v/ed0E/DNHJY0ToCGZPuQn3IDIGJdj9JigBPhIEUwEU381yAALTEBVWFIlWLOR50mrWrGOK9Xrk3LtIq+jiPbQPjpCFjpFNVRHDdREBD2iZ/SK3rQn7UV71z6mowUt39lFf6B9/gBwc52H</latexit>

Hint
<latexit sha1_base64="NnpodLWIkMW+TGaZuRMjnwHeL80=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoJccI5gHJGmYns8mQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OWjhLFeJNFMlIdj2ouRcibKFDyTqw4DTzJ2974Zuq3H7jSIgrvcBJzN6DDUPiCUTTSfb2f9pA/YSpCzLJ+qWxX7BnIMnFyUoYcjX7pqzeIWBLwEJmkWncdO0Y3pQoFkzwr9hLNY8rGdMi7hoY04NpNZ1dn5NQoA+JHylSIZKb+nkhpoPUk8ExnQHGkF72p+J/XTdC/cs1HcYI8ZPNFfiIJRmQaARkIxRnKiSGUKWFuJWxEFWVogiqaEJzFl5dJq1pxzivV24ty7TqPowDHcAJn4MAl1KAODWgCAwXP8Apv1qP1Yr1bH/PWFSufOYI/sD5/AFP7kw0=</latexit>

:	ground	state	ofHint
<latexit sha1_base64="NnpodLWIkMW+TGaZuRMjnwHeL80=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoJccI5gHJGmYns8mQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OWjhLFeJNFMlIdj2ouRcibKFDyTqw4DTzJ2974Zuq3H7jSIgrvcBJzN6DDUPiCUTTSfb2f9pA/YSpCzLJ+qWxX7BnIMnFyUoYcjX7pqzeIWBLwEJmkWncdO0Y3pQoFkzwr9hLNY8rGdMi7hoY04NpNZ1dn5NQoA+JHylSIZKb+nkhpoPUk8ExnQHGkF72p+J/XTdC/cs1HcYI8ZPNFfiIJRmQaARkIxRnKiSGUKWFuJWxEFWVogiqaEJzFl5dJq1pxzivV24ty7TqPowDHcAJn4MAl1KAODWgCAwXP8Apv1qP1Yr1bH/PWFSufOYI/sD5/AFP7kw0=</latexit>

Ground	state	of	H

|Ii =
X

n

|ni ⌦ |ni
<latexit sha1_base64="fcZzAmzXneI/MmynN4k5bLCwHcU=">AAACE3icbVDLSgMxFM34rPU16tJNsAjiosxUQTdC0Y3uKtgHdIYhk2ba0EwyJBmhTPsPbvwVNy4UcevGnX9j2g6irQcC555zLzf3hAmjSjvOl7WwuLS8slpYK65vbG5t2zu7DSVSiUkdCyZkK0SKMMpJXVPNSCuRBMUhI82wfzX2m/dEKir4nR4kxI9Rl9OIYqSNFNjHwxtPIt5l5MJTaRzwIc9rT2gaEwV/hMAuOWVnAjhP3JyUQI5aYH96HYHTmHCNGVKq7TqJ9jMkNcWMjIpeqkiCcB91SdtQjsw6P5vcNIKHRunASEjzuIYT9fdEhmKlBnFoOmOke2rWG4v/ee1UR+d+RnmSasLxdFGUMqgFHAcEO1QSrNnAEIQlNX+FuIckwtrEWDQhuLMnz5NGpeyelCu3p6XqZR5HAeyDA3AEXHAGquAa1EAdYPAAnsALeLUerWfrzXqfti5Y+cwe+APr4xuKAZ8z</latexit>

[Maldacena,Qi,'18]

16/44

⇡ e��⇤(µ)H
L
SYK/2|Ii = |TFDi�⇤(µ)

<latexit sha1_base64="2O+0siw3U8peXj3glh6t3v6wRvc="></latexit>

|Ii
<latexit sha1_base64="dpRkSZ7OTK/Loi9edZIl08uwwSk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL3qLYB6SLGF20psMmZ1dZmaFEPMVXjwo4tXP8ebfOEn2oIkFDUVVN91dQSK4Nq777eRWVtfWN/Kbha3tnd294v5BQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD66nffESleSzvzShBP6J9yUPOqLHSw9NtR1HZF9gtltyyOwNZJl5GSpCh1i1+dXoxSyOUhgmqddtzE+OPqTKcCZwUOqnGhLIh7WPbUkkj1P54dvCEnFilR8JY2ZKGzNTfE2MaaT2KAtsZUTPQi95U/M9rpya89MdcJqlByeaLwlQQE5Pp96THFTIjRpZQpri9lbABVZQZm1HBhuAtvrxMGpWyd1au3J2XqldZHHk4gmM4BQ8uoAo3UIM6MIjgGV7hzVHOi/PufMxbc042cwh/4Hz+AN0KkHI=</latexit>



Large	N	phases

Schwinger-Dyson	equaSons

Have	two	soluSons,	one	exists	only	for																				,	and	the	other	only	for	T < Tc,WH
<latexit sha1_base64="c2J+esZt5qpJjtDeJL4n/vDUZZ8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFcSEmqoAsXRTddVugL2hAm00k7dPJg5kYtMZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7jxcLrsCyvo2V1bX1jc3CVnF7Z3dv3ywdtFWUSMpaNBKR7HpEMcFD1gIOgnVjyUjgCdbxxrdTv3PPpOJR2IRJzJyADEPuc0pAS65Zal433ZSe9YE9QtqpZ5lrlq2KNQNeJnZOyihHwzW/+oOIJgELgQqiVM+2YnBSIoFTwbJiP1EsJnRMhqynaUgCppx0dnqGT7QywH4kdYWAZ+rviZQESk0CT3cGBEZq0ZuK/3m9BPwrJ+VhnAAL6XyRnwgMEZ7mgAdcMgpiogmhkutbMR0RSSjotIo6BHvx5WXSrlbs80r17qJcu8njKKAjdIxOkY0uUQ3VUQO1EEUP6Bm9ojfjyXgx3o2PeeuKkc8coj8wPn8ABzKT2w==</latexit>

T > Tc,2BH
<latexit sha1_base64="8/PH957iWDgUZS6IIgpw2dhBkX8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSEmqoCspddNlhb6gDWEynbRDJw9mbqQl5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WLBFVjWt7GxubW9s1vYK+4fHB4dmyeljooSSVmbRiKSPY8oJnjI2sBBsF4sGQk8wbre5GHud5+YVDwKWzCLmROQUch9TgloyTVLrfuWm9KrAbAppNV6I8tcs2xVrAXwOrFzUkY5mq75NRhGNAlYCFQQpfq2FYOTEgmcCpYVB4liMaETMmJ9TUMSMOWki9szfKGVIfYjqSsEvFB/T6QkUGoWeLozIDBWq95c/M/rJ+DfOSkP4wRYSJeL/ERgiPA8CDzkklEQM00IlVzfiumYSEJBx1XUIdirL6+TTrViX1eqjzflWj2Po4DO0Dm6RDa6RTXUQE3URhRN0TN6RW9GZrwY78bHsnXDyGdO0R8Ynz9g45QE</latexit>

1PI = 1PI = + +
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● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
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Tc,2BH
<latexit sha1_base64="+FOL4UwXgEYN48vdYdwRLz9B8Ng=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4kJJUQY+lXnqs0C9oQ9hsN+3SzSbsTool9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tjY2t7Z3dgt7xf2Dw6Nj++S0reNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcYP8z9zoQpzWPZhGnCvIgMJQ85JWAk37abfkav+8CeIKvU6rOZb5ecsrMAXiduTkooR8O3v/qDmKYRk0AF0brnOgl4GVHAqWCzYj/VLCF0TIasZ6gkEdNetrh8hi+NMsBhrExJwAv190RGIq2nUWA6IwIjverNxf+8XgrhvZdxmaTAJF0uClOBIcbzGPCAK0ZBTA0hVHFzK6YjoggFE1bRhOCuvrxO2pWye1OuPN6WqrU8jgI6RxfoCrnoDlVRHTVQC1E0Qc/oFb1ZmfVivVsfy9YNK585Q39gff4AL9STXg==</latexit>

Tc,WH
<latexit sha1_base64="Uo6ArdZP+m38xQCs67c6+8HSVOI=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5SkCnoseumxQr+gDWGz3bRLN5uwOxFr6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgkRwDY7zba2tb2xubRd2irt7+wcl+/CoreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY3838zgNTmseyCZOEeREZSh5ySsBIvl1q+hm96AN7hKxTn059u+xUnDnwKnFzUkY5Gr791R/ENI2YBCqI1j3XScDLiAJOBZsW+6lmCaFjMmQ9QyWJmPay+eFTfGaUAQ5jZUoCnqu/JzISaT2JAtMZERjpZW8m/uf1UghvvIzLJAUm6WJRmAoMMZ6lgAdcMQpiYgihiptbMR0RRSiYrIomBHf55VXSrlbcy0r1/qpcu83jKKATdIrOkYuuUQ3VUQO1EEUpekav6M16sl6sd+tj0bpm5TPH6A+szx/Z0JM3</latexit>

@⌧GLL(⌧)�
Z

d⌧ 0⌃L·(⌧ � ⌧ 0)G·L(⌧
0) = �(⌧), ⌃LL(⌧) = GLL(⌧)

3

@⌧GLR(⌧)�
Z

d⌧ 0⌃L·(⌧ � ⌧ 0)G·R(⌧
0) = 0, ⌃LR(⌧) = GLR(⌧)

3 + iµ�(⌧)
<latexit sha1_base64="FLUoVoXflDFKa/mArRUlnSqXbbU="></latexit>

L L L R μ
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Gravity	dual	=	Hawking-Page	transi=on	in	AdS 18/44

S =

Z

M
�(R+ 2) + �b

Z

@M
K + µ

X

i

Z
duOi(uL)Oi(uR)

<latexit sha1_base64="XMo34IKdSMJMPu7OQ4dFKX3FHZc="></latexit>

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
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0.20

Tc,2BH
<latexit sha1_base64="+FOL4UwXgEYN48vdYdwRLz9B8Ng=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4kJJUQY+lXnqs0C9oQ9hsN+3SzSbsTool9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tjY2t7Z3dgt7xf2Dw6Nj++S0reNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcYP8z9zoQpzWPZhGnCvIgMJQ85JWAk37abfkav+8CeIKvU6rOZb5ecsrMAXiduTkooR8O3v/qDmKYRk0AF0brnOgl4GVHAqWCzYj/VLCF0TIasZ6gkEdNetrh8hi+NMsBhrExJwAv190RGIq2nUWA6IwIjverNxf+8XgrhvZdxmaTAJF0uClOBIcbzGPCAK0ZBTA0hVHFzK6YjoggFE1bRhOCuvrxO2pWye1OuPN6WqrU8jgI6RxfoCrnoDlVRHTVQC1E0Qc/oFb1ZmfVivVsfy9YNK585Q39gff4AL9STXg==</latexit>

Tc,WH
<latexit sha1_base64="Uo6ArdZP+m38xQCs67c6+8HSVOI=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5SkCnoseumxQr+gDWGz3bRLN5uwOxFr6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgkRwDY7zba2tb2xubRd2irt7+wcl+/CoreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY3838zgNTmseyCZOEeREZSh5ySsBIvl1q+hm96AN7hKxTn059u+xUnDnwKnFzUkY5Gr791R/ENI2YBCqI1j3XScDLiAJOBZsW+6lmCaFjMmQ9QyWJmPay+eFTfGaUAQ5jZUoCnqu/JzISaT2JAtMZERjpZW8m/uf1UghvvIzLJAUm6WJRmAoMMZ6lgAdcMQpiYgihiptbMR0RRSiYrIomBHf55VXSrlbcy0r1/qpcu83jKKATdIrOkYuuUQ3VUQO1EEUpekav6M16sl6sd+tj0bpm5TPH6A+szx/Z0JM3</latexit>

high	temperature	phase:	
two	black	holeslow	temperature	phase:	

wormhole

2

dynamical	d.o.f.	=	shape	of	two	boundaries



:	gapped	phase

gapped

0.00 0.02 0.04 0.06 0.08
10-7
10-6
10-5
10-4
0.001
0.010
0.100

Egap
<latexit sha1_base64="CjUISWyklqyIIlDpu+SQaNJHpuo=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQKeiyK4LGC/YA2ls120y7dbMLuRC0h/8OLB0W8+l+8+W/ctjlo64OBx3szzMzzY8E1Os63tbS8srq2Xtgobm5t7+yW9vabOkoUZQ0aiUi1faKZ4JI1kKNg7VgxEvqCtfzR1cRvPTCleSTvcBwzLyQDyQNOCRrp/rqXdpE9YTogcZb1SmWn4kxhLxI3J2XIUe+Vvrr9iCYhk0gF0brjOjF6KVHIqWBZsZtoFhM6IgPWMVSSkGkvnV6d2cdG6dtBpExJtKfq74mUhFqPQ990hgSHet6biP95nQSDCy/lMk6QSTpbFCTCxsieRGD3uWIUxdgQQhU3t9p0SBShaIIqmhDc+ZcXSbNacU8r1duzcu0yj6MAh3AEJ+DCOdTgBurQAAoKnuEV3qxH68V6tz5mrUtWPnMAf2B9/gAyRZL3</latexit>

SYK	interacSons	enhance												from	naive	one to

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●
●●●●●●●●

●●●●
● ● ●

●
●

●
●

●
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3

<latexit sha1_base64="nkklDJ+Rb16eY0MK8BsneldG+BE=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5K0gh6LXjxWsB/QxrLZbtqlu0nY3Sgl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5fsyZ0o7zbRXW1jc2t4rbpZ3dvf0Du3zYVlEiCW2RiEey62NFOQtpSzPNaTeWFAuf044/uZ75nQcqFYvCOz2NqSfwKGQBI1gbaWCX+yK5T/uBxCStZWk9ywZ2xak6c6BV4uakAjmaA/urP4xIImioCcdK9Vwn1l6KpWaE06zUTxSNMZngEe0ZGmJBlZfOT8/QqVGGKIikqVCjufp7IsVCqanwTafAeqyWvZn4n9dLdHDppSyME01DslgUJBzpCM1yQEMmKdF8aggmkplbERljE4M2aZVMCO7yy6ukXau69Wrt9rzSuMrjKMIxnMAZuHABDbiBJrSAwCM8wyu8WU/Wi/VufSxaC1Y+cwR/YH3+AJ13lDo=</latexit>

Since																												,		(m,n)=(0,1)	is	dominanth0| a
i |0i = 0

<latexit sha1_base64="ZlIEg2EqEi9T5Muf8I6iTMrhW3k=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqkyqoBuh6MZlBfuAJobJdNoOnUzCzEQoaVdu/BU3LhRx6ze482+cpllo64ELh3Pu5d57gpgzpRH6tgpLyyura8X10sbm1vaOvbvXVFEiCW2QiEeyHWBFORO0oZnmtB1LisOA01YwvJ76rQcqFYvEnR7F1AtxX7AeI1gbybcPXY5Fn1OIxm6smM/u8Ri5MtMukW+XUQVlgIvEyUkZ5Kj79pfbjUgSUqEJx0p1HBRrL8VSM8LppOQmisaYDHGfdgwVOKTKS7M3JvDYKF3Yi6QpoWGm/p5IcajUKAxMZ4j1QM17U/E/r5Po3oWXMhEnmgoyW9RLONQRnGYCu0xSovnIEEwkM7dCMsASE22SK5kQnPmXF0mzWnFOK9Xbs3LtKo+jCA7AETgBDjgHNXAD6qABCHgEz+AVvFlP1ov1bn3MWgtWPrMP/sD6/AGP6ZiJ</latexit>

Gab(⌧) ⇠ e�Egap⌧
<latexit sha1_base64="yu+OGwRh6dwb2mD7+rluVz+BMz4=">AAACD3icbVDLSgNBEJz1bXxFPXoZDIoeDLsq6FEU0aOCUSEbl95JJw6ZfTDTK4Zl/8CLv+LFgyJevXrzb5zEHHwVNBRV3XR3hamShlz3wxkaHhkdG5+YLE1Nz8zOlecXzk2SaYE1kahEX4ZgUMkYayRJ4WWqEaJQ4UXYOej5FzeojUziM+qm2IigHcuWFEBWCsqrR0EOYbHmE2TrvpERx6t84zDwCW8pb0Na9JwiKFfcqtsH/0u8AamwAU6C8rvfTEQWYUxCgTF1z02pkYMmKRQWJT8zmILoQBvrlsYQoWnk/X8KvmKVJm8l2lZMvK9+n8ghMqYbhbYzAro2v72e+J9Xz6i128hlnGaEsfha1MoUp4T3wuFNqVGQ6loCQkt7KxfXoEGQjbBkQ/B+v/yXnG9Wva3q5ul2ZW9/EMcEW2LLbI15bIftsWN2wmpMsDv2wJ7Ys3PvPDovzutX65AzmFlkP+C8fQI2JpzL</latexit>

Gab(⌧) = hTre⌧Ĥ  ̂a

i
e�⌧Ĥ  ̂b

i
e��Ĥi

=
X

m,n

hm| ̂a

i
|nihn| ̂b

i
|mieEm(⌧��)�En⌧

<latexit sha1_base64="MJKfwzbSE2vCitmCFPUAl7zlGDY="></latexit>

Gab(⌧) ⇠ e�⌫⌧
<latexit sha1_base64="aPQu1rmYth0BXHtzJK5h4jvx1fk=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF5akCrosutBlBfuAJobJdNIOnUzCzEQoITs3/oobF4q49Rfc+TdO2iy0euDC4Zx7ufceP2ZUKsv6MkoLi0vLK+XVytr6xuaWub3TkVEiMGnjiEWi5yNJGOWkrahipBcLgkKfka4/vsz97j0Rkkb8Vk1i4oZoyGlAMVJa8sz9Ky9FflZzFEqOHElDSO7SY4cnMFcyz6xadWsK+JfYBamCAi3P/HQGEU5CwhVmSMq+bcXKTZFQFDOSVZxEkhjhMRqSvqYchUS66fSPDB5qZQCDSOjiCk7VnxMpCqWchL7uDJEayXkvF//z+okKzt2U8jhRhOPZoiBhUEUwDwUOqCBYsYkmCAuqb4V4hATCSkdX0SHY8y//JZ1G3T6pN25Oq82LIo4y2AMHoAZscAaa4Bq0QBtg8ACewAt4NR6NZ+PNeJ+1loxiZhf8gvHxDTbJmOU=</latexit>

(⇠ µ)
<latexit sha1_base64="uFKW8N+TIWVhpEZBvvAvgMb58t8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv3A7lKyabYNTbJLkhXK0n/hxYMiXv033vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbC8e3M7zxRpVksH8wkoYHAQ8kiRrCx0mPV10wgX6Tn/XLFrblzoFXi5aQCOZr98pc/iEkqqDSEY617npuYIMPKMMLptOSnmiaYjPGQ9iyVWFAdZPOLp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7n9VITXQcZk0lqqCSLRVHKkYnR7H00YIoSwyeWYKKYvRWREVaYGBtSyYbgLb+8Str1mndRq99fVho3eRxFOIFTqIIHV9CAO2hCCwhIeIZXeHO08+K8Ox+L1oKTzxzDHzifP5iEkDY=</latexit>

T < Tc,WH
<latexit sha1_base64="c2J+esZt5qpJjtDeJL4n/vDUZZ8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFcSEmqoAsXRTddVugL2hAm00k7dPJg5kYtMZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7jxcLrsCyvo2V1bX1jc3CVnF7Z3dv3ywdtFWUSMpaNBKR7HpEMcFD1gIOgnVjyUjgCdbxxrdTv3PPpOJR2IRJzJyADEPuc0pAS65Zal433ZSe9YE9QtqpZ5lrlq2KNQNeJnZOyihHwzW/+oOIJg ELgQqiVM+2YnBSIoFTwbJiP1EsJnRMhqynaUgCppx0dnqGT7QywH4kdYWAZ+rviZQESk0CT3cGBEZq0ZuK/3m9BPwrJ+VhnAAL6XyRnwgMEZ7mgAdcMgpiogmhkutbMR0RSSjotIo6BHvx5WXSrlbs80r17qJcu8njKKAjdIxOkY0uUQ3VUQO1EEUP6Bm9ojfjyXgx3o2PeeuKkc8coj8wPn8ABzKT2w==</latexit>
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Real	=me:	Schwinger-Keldysh	formalism

0

Euclidean

Real	Sme

⌧1
<latexit sha1_base64="LuhYc7lyyL0ujsllUTaz6L96lpY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9p2vf65Ypbdecgq8TLSQVyNPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fza+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsdTIQmjOUE0so08LeStiIasrQBlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDB7hGV7hzYmdF+fd+Vi0Fpx85hj+wPn8AUpLjvA=</latexit>

⌧2
<latexit sha1_base64="D9on6NZWYL8gIeRtuUAsGkMb3ww=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9p2q/1yxW36s5BVomXkwrkaPTLX71BzNKIK2SSGtP13AT9jGoUTPJpqZcanlA2pkPetVTRiBs/m187JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ62QgNGcoJ5ZQpoW9lbAR1ZShDahkQ/CWX14lrVrVu6jW7i8r9Zs8jiKcwCmcgwdXUIc7aEATGDzCM7zCmxM7L86787FoLTj5zDH8gfP5A0vPjvE=</latexit> �

<latexit sha1_base64="EpwadKl79nuFFVBzWqBryCC0A38=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k90KOtF+pujV3DrJKvIJUoUCzX/nqDRKWxVwhk9SYruemGORUo2CST8u9zPCUsjEd8q6lisbcBPn82Ck5t8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRjdBLlSaIVdssSjKJMGEzD4nA6E5QzmxhDIt7K2EjaimDG0+ZRuCt/zyKmnVa95lrf5wVW3cFnGU4BTO4AI8uIYG3EMTfGAg4Ble4c1Rzovz7nwsWtecYuYE/sD5/AHFJI6o</latexit>

 ̂(u) = eĤu ̂e�Ĥu

<latexit sha1_base64="mYgaoDzj6sGD2lCIrJ/ubzb8o7w=">AAACHnicbZDLSsNAFIYn9VbrLerSzWAR6sKSVEU3QtFNlxXsBZpYJtNJO3RyYS5CCXkSN76KGxeKCK70bZy2AWvrgYGf7z+HM+f3YkaFtKx vI7e0vLK6ll8vbGxube+Yu3tNESmOSQNHLOJtDwnCaEgakkpG2jEnKPAYaXnDm7HfeiBc0Ci8k6OYuAHqh9SnGEmNuuZ54gyQhE4saFpSx1fkPpmSWqrSGU/zk1+jaxatsjUpuCjsTBRBVvWu+en0IqwCEkrMkBAd24qlmyAuKWYkLThKkBjhIeqTjpYhCohwk8l5KTzSpAf9iOsXSjihsxMJCoQYBZ7uDJAciHlvDP/zOkr6l25Cw1hJEuLpIl8xKCM4zgr2KCdYspEWCHOq/wrxAHGEpU60oEOw509eFM1K2T4tV27PitXrLI48OACHoARscAGqoAbqoAEweATP4BW8GU/Gi/FufExbc0Y2sw/+lPH1A9/QovU=</latexit>

�
<latexit sha1_base64="EpwadKl79nuFFVBzWqBryCC0A38=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k90KOtF+pujV3DrJKvIJUoUCzX/nqDRKWxVwhk9SYruemGORUo2CST8u9zPCUsjEd8q6lisbcBPn82Ck5t8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRjdBLlSaIVdssSjKJMGEzD4nA6E5QzmxhDIt7K2EjaimDG0+ZRuCt/zyKmnVa95lrf5wVW3cFnGU4BTO4AI8uIYG3EMTfGAg4Ble4c1Rzovz7nwsWtecYuYE/sD5/AHFJI6o</latexit>

>>

(u = ⌧)
<latexit sha1_base64="N56nsV3nWBLbtMLn5VVOktLRK9I=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBW2EoI1lBBMDyRH2NnvJkr29c3dOCCF/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCCRwqDrfju5ldW19Y38ZmFre2d3r7h/0DRxqhlvsFjGuhVQw6VQvIECJW8lmtMokPwhGN5M/Ycnro2I1T2OEu5HtK9EKBhFK7XK6VUHaXraLZbcijsDWSZeRkqQod4tfnV6MUsjrpBJakzbcxP0x1SjYJJPCp3U8ISyIe3ztqWKRtz449m9E3JilR4JY21LIZmpvyfGNDJmFAW2M6I4MIveVPzPa6cYXvpjoZIUuWLzRWEqCcZk+jzpCc0ZypEllGlhbyVsQDVlaCMq2BC8xZeXSbNa8c4q1bvzUu06iyMPR3AMZfDgAmpwC3VoAAMJz/AKb86j8+K8Ox/z1pyTzRzCHzifP0WGj3c=</latexit>

hT  1(⌧1) (⌧2)i� =

Z
D  1(⌧1) 2(⌧2)e

�
R �
0 d⌧L

<latexit sha1_base64="qVfwpsn4b8zNtVSyjdC9EAifW/U="></latexit>

(u = ⌧ + it)
<latexit sha1_base64="lKtFGQseCv5mD4lnphoC3BzINX0=">AAAB8nicbVBNSwMxEM36WetX1aOXxSJUhLJbBb0IRS8eK9gP2C4lm2bb0GyyJBOhLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpRypsHzvp2V1bX1jc3CVnF7Z3dvv3Rw2NLSKEKbRHKpOhHWlDNBm8CA006qKE4iTtvR6G7qt5+o0kyKRxinNEzwQLCYEQxWCirmpgvYnDM465XKXtWbwV0mfk7KKEejV/rq9iUxCRVAONY68L0UwgwrYITTSbFrNE0xGeEBDSwVOKE6zGYnT9xTq/TdWCpbAtyZ+nsiw4nW4ySynQmGoV70puJ/XmAgvg4zJlIDVJD5othwF6Q7/d/tM0UJ8LElmChmb3XJECtMwKZUtCH4iy8vk1at6l9Uaw+X5fptHkcBHaMTVEE+ukJ1dI8aqIkIkugZvaI3B5wX5935mLeuOPnMEfoD5/MHTeeQnQ==</latexit>

hT  1(u1) (u2)i� =

Z
D  1(u1) 2(u2)e

�
R
C1+2

duL

<latexit sha1_base64="iwi+SbMVKB/s2/IuVLJF239yyaw="></latexit>

>

u1
<latexit sha1_base64="owU612ss0kt/beWsTZ0WWxk+PTU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAIbI2h</latexit>

u2
<latexit sha1_base64="3KK009f1vFrlgPwst9msQx+MaaY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Rf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEJ8I2i</latexit>

Independent	path	integrable	d.o.f.	on	Red/Blue	lines.

C1+2
<latexit sha1_base64="kgO12V6C/3bWdGx2fmxro2CZjng=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMdiLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O2vrG5tb24Wd4u7e/sFh6ei4ZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY12d++4lrI2L1iJOE+xEdKhEKRtFK7Xo/8y6r036p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzc6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN76mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJFW0I3vLLq6RVrXhXlerDdbl2l8dRgFM4gwvw4AZqcA8NaAKDMTzDK7w5ifPivDsfi9Y1J585gT9wPn8AWm2O7A==</latexit>

:	Keldysh	contour
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hT  1(u1) 2(u2)i� =

(
Tr(e�Ĥ(��u1) ̂1e�Ĥ(u1�u2) ̂2e�Ĥu2) (Re[u1] > Re[u2])

�Tr(e�Ĥ(��u2) ̂2e�Ĥ(u2�u1) ̂1e�Ĥu1) (Re[u2] > Re[u1])
<latexit sha1_base64="n4O3wZlyKBqJO5+a7GabWIXVV0E="></latexit>



Real	=me	two-point	func=ons

(KMS	relaSon)Gab(u+ �) = �Gab(u)
<latexit sha1_base64="citaYyBsscGk1sR8jQgZ5gOolTo=">AAACA3icbVBNS8NAEN3Ur1q/ot70EixCi1iSKuhFKHrQYwX7AW0Ik+22XbrZhN2NUELBi3/FiwdFvPonvPlv3LYRtPXBwOO9GWbm+RGjUtn2l5FZWFxaXsmu5tbWNza3zO2dugxjgUkNhywUTR8kYZSTmqKKkWYkCAQ+Iw1/cDX2G/dESBryOzWMiBtAj9MuxaC05Jl7114C/qgQH7V9oqB4cfwjFD0zb5fsCax54qQkj1JUPfOz3QlxHBCuMAMpW44dKTcBoShmZJRrx5JEgAfQIy1NOQREusnkh5F1qJWO1Q2FLq6sifp7IoFAymHg684AVF/OemPxP68Vq+65m1AexYpwPF3UjZmlQmsciNWhgmDFhpoAFlTfauE+CMBKx5bTITizL8+TernknJTKt6f5ymUaRxbtowNUQA46QxV0g6qohjB6QE/oBb0aj8az8Wa8T1szRjqzi/7A+PgGJeaWjg==</latexit>

(Gab(u))
⇤ = �Gab(�u⇤)

<latexit sha1_base64="rUPC3tNuunCNTiSeYYlxl76Z0Jg=">AAACBHicbVBNSwJBGJ61L7OvrY5ehiRQQdm1oC6B1KGOBqmBrsvsOKuDs7PLzGwgi4cu/ZUuHYro2o/o1r9p1D2U9sALzzzP+zLv+3gRo1JZ1reRWVldW9/Ibua2tnd298z9g5YMY4FJE4csFPcekoRRTpqKKkbuI0FQ4DHS9kZXU7/9QISkIb9T44g4ARpw6lOMlJZcM1+8dhPkTYpxqdQrX1TSVyXulUuuWbCq1gxwmdgpKYAUDdf86vZDHAeEK8yQlB3bipSTIKEoZmSS68aSRAiP0IB0NOUoINJJZkdM4LFW+tAPhS6u4Ez9PZGgQMpx4OnOAKmhXPSm4n9eJ1b+uZNQHsWKcDz/yI8ZVCGcJgL7VBCs2FgThAXVu0I8RAJhpXPL6RDsxZOXSatWtU+qtdvTQv0yjSML8uAIFIENzkAd3IAGaAIMHsEzeAVvxpPxYrwbH/PWjJHOHII/MD5/AGWqlgM=</latexit>

Gab(⌧ � ⌧ 0) = hT  a
i (⌧) 

b
i (⌧

0)i�
<latexit sha1_base64="q/uN7GO7oJ01zLvPg2oCLjPn908="></latexit>

G>
ab(t� t0) = �ihT  a

i (✏+ it) b
i (�✏+ it0)i�

<latexit sha1_base64="TdEl4CfIVpW3Ka0mmD6AyyeHJwU="></latexit>

G<
ab(t� t0) = �ihT  a

i (�✏+ it) b
i (✏+ it0)i�

<latexit sha1_base64="KzjRlJfP5ZGvluLKoEaYJrFESt8="></latexit>

>>

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

t0
<latexit sha1_base64="2LNUzvmzcxcHROhz8pOlDRCIfoA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+TZrXiXVSq95fl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUH6jS0=</latexit>

Symmetries	from	operator	formalism																																																																												:

G>
ab(t) = �G<

ba(t)
<latexit sha1_base64="z85TfSyJVi/o7lpeNPx9RJYx1QM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6sKSVEEXKkUXuqxgH9CmYTKdtEMnkzAzEUqIG3/FjQtF3PoX7vwbp20WWj0wcO4593LnHi9iVCrL+jJyc/MLi0v55cLK6tr6hrm51ZBhLDCp45CFouUhSRjlpK6oYqQVCYICj5GmN7wa+817IiQN+Z0aRcQJUJ9Tn2KktOSaO9dugry0e1FSB+eHuvBQ2j3ThWsWrbI1AfxL7IwUQYaaa352eiGOA8IVZkjKtm1FykmQUBQzkhY6sSQRwkPUJ21NOQqIdJLJBSnc10oP+qHQjys4UX9OJCiQchR4ujNAaiBnvbH4n9eOlX/qJJRHsSIcTxf5MYMqhOM4YI8KghUbaYKwoPqvEA+QQFjp0Ao6BHv25L+kUSnbR+XK7XGxepnFkQe7YA+UgA1OQBXcgBqoAwwewBN4Aa/Go/FsvBnv09ackc1sg18wPr4BXceViw==</latexit>

G>
ab(t)

⇤ = G<
ab(t)

<latexit sha1_base64="ysttjqtjo/FgK7Gz/jaT/MmLwiw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQXZSkCrpQKbrQZQX7gDYNk+mkHTp5MDMRSsjKjb/ixoUibv0Gd/6NkzaCth4YOPece7lzjxMyKqRhfGm5ufmFxaX8cmFldW19Q9/caogg4pjUccAC3nKQIIz6pC6pZKQVcoI8h5GmM7xK/eY94YIG/p0chcTyUN+nLsVIKsnWd6/tGDlJN75ISvKge3j+U5+lta0XjbIxBpwlZkaKIEPN1j87vQBHHvElZkiItmmE0ooRlxQzkhQ6kSAhwkPUJ21FfeQRYcXjMxK4r5QedAOuni/hWP09ESNPiJHnqE4PyYGY9lLxP68dSffUiqkfRpL4eLLIjRiUAUwzgT3KCZZspAjCnKq/QjxAHGGpkiuoEMzpk2dJo1I2j8qV2+Ni9TKLIw92wB4oAROcgCq4ATVQBxg8gCfwAl61R+1Ze9PeJ605LZvZBn+gfXwDxcuYCA==</latexit>

G>
ab(t� i�) = �G<

ab(t)
<latexit sha1_base64="kI/NsYaiyi72u4Rt10RiuJNGon0=">AAACDHicbVDLSgMxFM3UV62vqks3wSK0i5aZKuhCpehClxXsA9qxZNK0Dc08SO4IZZgPcOOvuHGhiFs/wJ1/Y9qOoK0HAodzzuXmHicQXIFpfhmphcWl5ZX0amZtfWNzK7u9U1d+KCmrUV/4sukQxQT3WA04CNYMJCOuI1jDGV6O/cY9k4r73i2MAma7pO/xHqcEtNTJ5q46EXHiu+g8zkORtx0GpHBW/FFPtVrQKbNkToDniZWQHEpQ7WQ/212fhi7zgAqiVMsyA7AjIoFTweJMO1QsIHRI+qylqUdcpuxockyMD7TSxT1f6ucBnqi/JyLiKjVyHZ10CQzUrDcW//NaIfRO7Ih7QQjMo9NFvVBg8PG4GdzlklEQI00IlVz/FdMBkYSC7i+jS7BmT54n9XLJOiyVb45ylYukjjTaQ/sojyx0jCroGlVRDVH0gJ7QC3o1Ho1n4814n0ZTRjKzi/7A+PgGQKaadw==</latexit>

Gab(u) = �Gba(�u)
<latexit sha1_base64="ju5Z/dL1nxXjVLi+eFdcHO2Ak90=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3AwWoV20JFXQjVB0ocsK9gJtCJPptB06mYS5CCUEfBU3LhRx63O4822ctllo6w8DH/85h3PmD2JGpXKcbyu3srq2vpHfLGxt7+zu2fsHLRlpgUkTRywSnQBJwignTUUVI51YEBQGjLSD8c203n4kQtKIP6hJTLwQDTkdUIyUsXz76NZPUJCWdPmqYjBAaamiy75ddKrOTHAZ3AyKIFPDt796/QjrkHCFGZKy6zqx8hIkFMWMpIWeliRGeIyGpGuQo5BIL5mdn8JT4/ThIBLmcQVn7u+JBIVSTsLAdIZIjeRibWr+V+tqNbj0EspjrQjH80UDzaCK4DQL2KeCYMUmBhAW1NwK8QgJhJVJrGBCcBe/vAytWtU9q9buz4v16yyOPDgGJ6AEXHAB6uAONEATYJCAZ/AK3qwn68V6tz7mrTkrmzkEf2R9/gBJGZRm</latexit>

t0
<latexit sha1_base64="2LNUzvmzcxcHROhz8pOlDRCIfoA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAc96pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKpoxI2fzS6dkFOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxeaLwlQSjMn0bdIXmjOUY0so08LeStiQasrQhlO0IXiLLy+TZrXiXVSq95fl2k0eRwGO4QTOwYMrqMEd1KEBDEJ4hld4c0bOi/PufMxbV5x85gj+wPn8AUH6jS0=</latexit>

Tr(e�Ĥ(��u1) ̂1e
�Ĥ(u1�u2) ̂2e

�Ĥu2)
<latexit sha1_base64="uyOLag3F0HDFCDLWLnZ5e3f+TMM="></latexit>

21/44



Real	=me	EoM
>>

Real-Sme	EoM	are	obtained	by	replacing													in	SD	eq	with	Keldysh	contour
Z �

0
d⌧

<latexit sha1_base64="dWbZ/oJ8Ksxr5wYRiYgRm8ZDvCE=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQY9FLx4r2A9oYthsNu3SzSbsTsRS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MBNcg+N8W6W19Y3NrfJ2ZWd3b//APqx2dJoryto0FanqhUQzwSVrAwfBepliJAkF64ajm5nffWRK81TewzhjfkIGksecEjBSYFc9LiFwHryQAcGRByQP7JpTd+bAq8QtSA0VaAX2lxelNE+YBCqI1n3XycCfEAWcCjateLlmGaEjMmB9QyVJmPYn89un+NQoEY5TZUoCnqu/JyYk0XqchKYzITDUy95M/M/r5xBf+RMusxyYpItFcS4wpHgWBI64YhTE2BBCFTe3YjokilAwcVVMCO7yy6uk06i75/XG3UWteV3EUUbH6ASdIRddoia6RS3URhQ9oWf0it6sqfVivVsfi9aSVcwcoT+wPn8Ag0yUGQ==</latexit>

eG>
ab(!) =

eGR
ab(!)� ( eGR

ba(!))
⇤

1 + e��!
<latexit sha1_base64="JtUuEdcjtr1yIFO5mlsrXMIZe1U="></latexit>

GR
ab(t) = ✓(t)(G>

ab(t)�G<
ab(t))

<latexit sha1_base64="sIHdV/nxGUb0dVnL6vuXW4IFwRY=">AAACF3icbZDLSsNAFIYn9VbrLerSTbAI7cKQVEEXKkUXuqxiL9DGMJlO2qGTCzMnQgl9Cze+ihsXirjVnW/jtM1Cqz8MfPznHM6c34s5k2BZX1pubn5hcSm/XFhZXVvf0De3GjJKBKF1EvFItDwsKWchrQMDTluxoDjwOG16g4txvXlPhWRReAvDmDoB7oXMZwSDslzdvHRT7I3ubkpQPu1AnwJWVMrcM8X7GZ8oLrt60TKtiYy/YGdQRJlqrv7Z6UYkCWgIhGMp27YVg5NiAYxwOip0EkljTAa4R9sKQxxQ6aSTu0bGnnK6hh8J9UIwJu7PiRQHUg4DT3UGGPpytjY2/6u1E/CPnZSFcQI0JNNFfsINiIxxSEaXCUqADxVgIpj6q0H6WGACKsqCCsGePfkvNCqmfWBWrg+L1fMsjjzaQbuohGx0hKroCtVQHRH0gJ7QC3rVHrVn7U17n7bmtGxmG/2S9vENw2adxQ==</latexit>

(KMS)	form	closed	set	of	equaSons.

� i@tG
R
ab(t) +

Z 1

�1
dt0⌃R

ac(t� t0)GR
cb(t

0) + iµ✏acG
R
cb(t) = ��ab�(t)

⌃>
ab(t) = �G>

ab(t)
3

<latexit sha1_base64="o+vqR7zg8qkrlqYqdWVqtkWiFSc="></latexit>

Together	with

@⌧Gab(⌧)�
Z

d⌧ 0⌃ac(⌧ � ⌧ 0)Gcb(⌧
0) = �ab�(⌧)

<latexit sha1_base64="hPQum6Q5rp9hfSf5Qe3yPnZaQpY="></latexit>

⌃ab(⌧) = Gab(⌧)
3 + iµ✏ab�(⌧)

<latexit sha1_base64="8YsnkiNiKtSeAAt3x0YDvUv/xw0=">AAACKXicbVDLSgMxFM34tr6qLt0Ei6AIZUYF3QhFF7pUtCp0armT3tZgMjMkd4Qy9Hfc+CtuFBR164+YPha+DgROzrmH5J4oVdKS7797I6Nj4xOTU9OFmdm5+YXi4tKFTTIjsCoSlZirCCwqGWOVJCm8Sg2CjhReRreHPf/yDo2VSXxOnRTrGtqxbEkB5KRGsRKeybaGRg5Rdz0kyDb2j75drrc3JQ91xkNMrVQu0fPCJiqCwUSjWPLLfh/8LwmGpMSGOGkUn8NmIjKNMQkF1tYCP6V6DoakUNgthJnFFMQttLHmaAwabT3vb9rla05p8lZi3ImJ99XviRy0tR0duUkNdGN/ez3xP6+WUWuvnss4zQhjMXiolSlOCe/VxpvSoCDVcQSEke6vXNyAAUGu3IIrIfi98l9ysVUOtstbpzulysGwjim2wlbZOgvYLquwY3bCqkywe/bIXtir9+A9eW/ex2B0xBtmltkPeJ9fJN6mkg==</latexit>
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Revival	oscilla=on

No	revival	oscillaSon	in	high	temperature	phase.

[Plugge,Lantagne-Hurtubise,Franz,'20]
0 50 100 150 200

0.0

0.1

0.2

0.3

0.4

0.5

In	low	temperature	phase																			and																				show	out-of-phase	oscillaSonG>
LL(t)

<latexit sha1_base64="+aM7qq+Y9UX1o6KOjEd3NSGGr/U=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BItQLyWpgp6k6EEPPVSwH5DGstlu2qWb3bA7EUroz/DiQRGv/hpv/hu3bQ7a+mDg8d4MM/OCmDMNjvNt5VZW19Y38puFre2d3b3i/kFLy0QR2iSSS9UJsKacCdoEBpx2YkVxFHDaDkY3U7/9RJVmUjzAOKZ+hAeChYxgMJJ3+3jVS+v1SRlOe8WSU3FmsJeJm5ESytDoFb+6fUmSiAogHGvtuU4MfooVMMLppNBNNI0xGeEB9QwVOKLaT2cnT+wTo/TtUCpTAuyZ+nsixZHW4ygwnRGGoV70puJ/npdAeOmnTMQJUEHmi8KE2yDt6f92nylKgI8NwUQxc6tNhlhhAialggnBXXx5mbSqFfesUr0/L9Wuszjy6AgdozJy0QWqoTvUQE1EkETP6BW9WWC9WO/Wx7w1Z2Uzh+gPrM8fJpSQgw==</latexit>

G>
LR(t)

<latexit sha1_base64="FywByQXnm7v1v+oAnpttyvYwoZc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBahXkpSBT1J0YMePFSxH5DGstlu2qWbbNidCCX0Z3jxoIhXf403/43bNgdtfTDweG+GmXl+LLgG2/62ckvLK6tr+fXCxubW9k5xd6+pZaIoa1AppGr7RDPBI9YADoK1Y8VI6AvW8odXE7/1xJTmMnqAUcy8kPQjHnBKwEju9eNFN729H5fhuFss2RV7CrxInIyUUIZ6t/jV6UmahCwCKojWrmPH4KVEAaeCjQudRLOY0CHpM9fQiIRMe+n05DE+MkoPB1KZigBP1d8TKQm1HoW+6QwJDPS8NxH/89wEgnMv5VGcAIvobFGQCAwST/7HPa4YBTEyhFDFza2YDogiFExKBROCM//yImlWK85JpXp3WqpdZnHk0QE6RGXkoDNUQzeojhqIIome0St6s8B6sd6tj1lrzspm9tEfWJ8/L8SQiQ==</latexit>

L R
t	=	0

t	>	0
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Out-of-=me-ordered	4-pt	fcn

(Euclidean)	4-point	funcSon:

= + + +
1 1 1 1 1

22222 4 4 4 4

3333

1

2 4

3 1

2 4

3 1

2

(e,τ)

(f,τ')

[Maldacena-Stanford,'16]

4

3

+ ...

=
1

N
Fabcd(⌧1, ⌧2, ⌧3, ⌧4)

<latexit sha1_base64="bVs149P1Yjk1HSzuqA7tn0N7F6M=">AAACIXicbVDLSgMxFM3UV62vqks3wSJUkDLTFuxGKAriSirYB3TKcCfNtKGZB0lGKMP8iht/xY0LRboTf8b0sdDWC+EczrmXm3vciDOpTPPLyKytb2xuZbdzO7t7+wf5w6OWDGNBaJOEPBQdFyTlLKBNxRSnnUhQ8F1O2+7oZuq3n6iQLAwe1TiiPR8GAfMYAaUlJ1+7sj0BJLHS5D5NbAIc36ZOAi7pp0VbQexYFzMoz6Eyh+q5ky+YJXNWeJVYC1JAi2o4+YndD0ns00ARDlJ2LTNSvQSEYoTTNGfHkkZARjCgXU0D8KnsJbMLU3ymlT72QqFfoPBM/T2RgC/l2Hd1pw9qKJe9qfif142VV+slLIhiRQMyX+TFHKsQT+PCfSYoUXysCRDB9F8xGYJOTOlQczoEa/nkVdIql6xKqfxQLdSvF3Fk0Qk6RUVkoUtUR3eogZqIoGf0it7Rh/FivBmfxmTemjEWM8foTxnfP2puowE=</latexit>

1

N2

X

i,j

hT  a
i (⌧1) 

b
i (⌧2) 

c
j(⌧3) 

d
j (⌧4)i�

<latexit sha1_base64="a/v+DHPv8yiarRc5ThOsWUYbACA="></latexit>

Fabcd = + +

Z
d⌧d⌧ 0

 !
Fefcd(⌧, ⌧

0, ⌧3, ⌧4)
<latexit sha1_base64="BImLzNM/6vwwlRnIJSejw7zkwvI="></latexit>

Melonic	dominance	in	large	N
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Real-=me	con=nua=on

�
<latexit sha1_base64="EpwadKl79nuFFVBzWqBryCC0A38=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k90KOtF+pujV3DrJKvIJUoUCzX/nqDRKWxVwhk9SYruemGORUo2CST8u9zPCUsjEd8q6lisbcBPn82Ck5t8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRjdBLlSaIVdssSjKJMGEzD4nA6E5QzmxhDIt7K2EjaimDG0+ZRuCt/zyKmnVa95lrf5wVW3cFnGU4BTO4AI8uIYG3EMTfGAg4Ble4c1Rzovz7nwsWtecYuYE/sD5/AHFJI6o</latexit>

>>

u1
<latexit sha1_base64="owU612ss0kt/beWsTZ0WWxk+PTU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAIbI2h</latexit>

u2
<latexit sha1_base64="3KK009f1vFrlgPwst9msQx+MaaY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Rf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEJ8I2i</latexit>

u3
<latexit sha1_base64="DDWbuH+aNlcNaNhpX9SwMVfPK7s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+7Rf75crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcLdI2j</latexit>

u4
<latexit sha1_base64="fPwldOuaqJ8R+kDAtXk0VN3U1EA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6SPu1fqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbusVO9r5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAM+I2k</latexit>

u, u0
<latexit sha1_base64="gUyGpg4GH3iC8rUWYqkjDdQr/iw=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA9SNiNgh6DXjxGMA9IljA7mU2GzMwu8xBCyC948aCIV3/Im3/jbLIHTSxoKKq66e6KUs608f1vb2V1bX1js7BV3N7Z3dsvHRw2dWIVoQ2S8ES1I6wpZ5I2DDOctlNFsYg4bUWju8xvPVGlWSIfzTilocADyWJGsMkke2HPeqWyX/FnQMskyEkZctR7pa9uPyFWUGkIx1p3Aj814QQrwwin02LXappiMsID2nFUYkF1OJndOkWnTumjOFGupEEz9ffEBAutxyJynQKboV70MvE/r2NNfBNOmEytoZLMF8WWI5Og7HHUZ4oSw8eOYKKYuxWRIVaYGBdP0YUQLL68TJrVSnBZqT5clWu3eRwFOIYTOIcArqEG91CHBhAYwjO8wpsnvBfv3fuYt654+cwR/IH3+QODF43j</latexit>(⌧1, ⌧2, ⌧3, ⌧4) ! (u1, u2, u3, u4) =

⇣3�
4

+ it1,
�

4
+ it2,

�

2
, 0
⌘

<latexit sha1_base64="OPQDPSvgYciz1pZa4bgd5SIk1xA="></latexit>

+
hZ

C1

du

Z

C2

du0 + · · ·
i
Gae(

3�
4 + it1 � u)Gbf (

�
4 + it2 � u0)Gef (u� u0)2Fefcd(u, u

0)
<latexit sha1_base64="3MS7yqlM00xvuZWfhMjZ7f5BzEc="></latexit>

Fabcd = �Gac(
�
4 + it1)Gbd(

�
4 + it2) +Gad(

3�
4 + it1)Gbc(��

4 + it2)
<latexit sha1_base64="ALvJlDXyGbFxA167DHaACx+Ztbo="></latexit>

>> C1
<latexit sha1_base64="b342B6lxS9u4MYepTTuvsFWGG+U=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjsxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WBcn/ntJ1Sax/LRTBL0IzqUPOSMGis91Ptev1R2K+4cZJV4OSlDjka/9NUbxCyNUBomqNZdz02Mn1FlOBM4LfZSjQllYzrErqWSRqj9bH7qlJxbZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTtCF4yy+vkla14l1WqvdX5dptHkcBTuEMLsCDa6jBHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gC8MY1v</latexit>

C2
<latexit sha1_base64="CArBDoei93Kav7EtR1yhdqpypL0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjsxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecZJwP6JDJULBKFrpod6v9ktlt+LOQVaJl5My5Gj0S1+9QczSiCtkkhrT9dwE/YxqFEzyabGXGp5QNqZD3rVU0YgbP5ufOiXnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2naEPwll9eJa1qxbusVO+vyrXbPI4CnMIZXIAH11CDO2hAExgM4Rle4c2Rzovz7nwsWtecfOYE/sD5/AG9tY1w</latexit>

We	are	only	interested	in	the	growing	behavior	at

Fabcd = e
�L(t1+2)

2 fabcd(t1�2)
<latexit sha1_base64="ANZFLauF6LxgkNbnYNCwO/d0JqE="></latexit>

t1,2 � 1
<latexit sha1_base64="N3ROiyfRvsZt85VxY6du1vePS78=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxgnlAdgmzk9nNkNkHM71CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiqFRtv+tkpr6xubW+Xtys7u3v5B9fCoo5NMMd5miUxUz6eaSxHzNgqUvJcqTiNf8q4/vpv53SeutEjiR5yk3ItoGItAMIpGcnGQOxeNqRuGxBlUa3bdnoOsEqcgNSjQGlS/3GHCsojHyCTVuu/YKXo5VSiY5NOKm2meUjamIe8bGtOIay+f3zwlZ0YZkiBRpmIkc/X3RE4jrSeRbzojiiO97M3E/7x+hsGNl4s4zZDHbLEoyCTBhMwCIEOhOEM5MYQyJcythI2oogxNTBUTgrP88irpNOrOZb3xcFVr3hZxlOEETuEcHLiGJtxDC9rAIIVneIU3K7NerHfrY9FasoqZY/gD6/MHrg+Qyw==</latexit>

fabcd(t1�2) =

Z
dt5�6KR

abef (�L; t1�2, t5�6)fefcd(t5�6)
<latexit sha1_base64="0waSfiITTqNq2d+ZhI+BcDbucfY="></latexit>

KR
abef =

Z
d
⇣ t5+6

2

⌘
e�

�Lt1+2
2 GR

ae(t1�5)G
R
bf (t2�6)Gef

⇣�
2
+ it5�6

⌘2
e

�Lt5+6
2

<latexit sha1_base64="YNbtik4LIXmmOX2AJShFN1D6OcU="></latexit>

keep	only
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Quantum	chaos	exponent

Chaos	exponent	is									such	that	the	largest	eigenvalue	of											is	1�L
<latexit sha1_base64="4TLaltlDkrrhZLvTCuAyCR9EC0A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6Lbly4qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/M/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2GeHA3KFfcqjsHWiVeTiqQozkof/XDmKSCSkM41rrnuYnxM6wMI5xOS/1U0wSTMR7SnqUSC6r9bL7wFJ1ZJURRrOyTBs3V3xMZFlpPRGCTApuRXvZm4n9eLzXRlZ8xmaSGSrL4KEo5MjGaXY9CpigxfGIJJorZXREZYYWJsR2VbAne8smrpF2rehfV2n290rjO6yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AZEJkEA=</latexit>

KR
<latexit sha1_base64="+2AiRW3pJdCDZuOriOCUqc4rigM=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoRfASxTwwWUPvZDYZMju7zMwKYclfePGgiFf/xpt/4+Rx0MSChqKqm+6uIBFcG9f9dpaWV1bX1nMb+c2t7Z3dwt5+XcepoqxGYxGrZoCaCS5ZzXAjWDNRDKNAsEYwuBr7jSemNI/lvRkmzI+wJ3nIKRorPWRtioLcjB7vOoWiW3InIIvEm5EizFDtFL7a3ZimEZOGCtS65bmJ8TNUhlPBRvl2qlmCdIA91rJUYsS0n00uHpFjq3RJGCtb0pCJ+nsiw0jrYRTYzghNX897Y/E/r5Wa8MLPuExSwySdLgpTQUxMxu+TLleMGjG0BKni9lZC+6iQGhtS3obgzb+8SOrlkndaKt+eFSuXszhycAhHcAIenEMFrqEKNaAg4Rle4c3Rzovz7nxMW5ec2cwB/IHz+QMMW5CB</latexit>

fabcd(t1�2) =

Z
dt5�6KR

abef (�L; t1�2, t5�6)fefcd(t5�6)
<latexit sha1_base64="0waSfiITTqNq2d+ZhI+BcDbucfY="></latexit>

in	low	temperature	phase	is	small	but	non-zero
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<latexit sha1_base64="4TLaltlDkrrhZLvTCuAyCR9EC0A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6Lbly4qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/M/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2GeHA3KFfcqjsHWiVeTiqQozkof/XDmKSCSkM41rrnuYnxM6wMI5xOS/1U0wSTMR7SnqUSC6r9bL7wFJ1ZJURRrOyTBs3V3xMZFlpPRGCTApuRXvZm4n9eLzXRlZ8xmaSGSrL4KEo5MjGaXY9CpigxfGIJJorZXREZYYWJsR2VbAne8smrpF2rehfV2n290rjO6yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AZEJkEA=</latexit>
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Phase	diagram

Phase	transiSon	exists	when µ < µc ⇡ 0.177
<latexit sha1_base64="XymnLnxO+mqL813MVHOVJo5cJFY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BUoS5cFN24rGAf0IQwmU7aoZPMMDMRS+zCX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r0nEowq7brf1tLyyuraemmjvLm1vbNr7+23FM8kJk3MGZedCCnCaEqammpGOkISlESMtKPh9cRv3xOpKE/v9EiQIEH9lMYUI22k0D70k+zSVIh9JITkD9B1vFottCuu404BF4lXkAoo0AjtL7/HcZaQVGOGlOp6rtBBjqSmmJFx2c8UEQgPUZ90DU1RQlSQT+8fwxOj9GDMpalUw6n6eyJHiVKjJDKdCdIDNe9NxP+8bqbjiyCnqcg0SfFsUZwxqDmchAF7VBKs2cgQhCU1t0I8QBJhbSIrmxC8+ZcXSavqeGdO9fa8Ur8q4iiBI3AMToEHaqAObkADNAEGj+AZvII368l6sd6tj1nrklXMHIA/sD5/AHzQlRg=</latexit>

High	temperature	phase:				O(N)	entropy,	 �L ⇠ 2⇡T
<latexit sha1_base64="D4+tWjgg8sMkgtSBfFndwXyNkNc=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTBV0W3bhwUaEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA451zuzQlTRpV2nG+rtLK6tr5R3qxsbe/s7tn7Bx2VZBKTNk5YInshUoRRQdqaakZ6qSSIh4x0w9HN1O8+EKloIlp6nBKfo4GgMcVIGymwjzxmwhEK7jxFOax7KYWtwK46NWcGuEzcglRBgWZgf3lRgjNOhMYMKdV3nVT7OZKaYkYmFS9TJEV4hAakb6hAnCg/n10/gadGiWCcSPOEhjP190SOuFJjHpokR3qoFr2p+J/Xz3R85edUpJkmAs8XxRmDOoHTKmBEJcGajQ1BWFJzK8RDJBHWprCKKcFd/PIy6dRr7nmtfn9RbVwXdZTBMTgBZ8AFl6ABbkETtAEGj+AZvII368l6sd6tj3m0ZBUzh+APrM8fWAWUfw==</latexit>

described	well	by	uncoupled	SYK

Low	temperature	phase:				small	(but	nonzero)							,		revival	oscillaSon�L
<latexit sha1_base64="4TLaltlDkrrhZLvTCuAyCR9EC0A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6Lbly4qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/M/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2GeHA3KFfcqjsHWiVeTiqQozkof/XDmKSCSkM41rrnuYnxM6wMI5xOS/1U0wSTMR7SnqUSC6r9bL7wFJ1ZJURRrOyTBs3V3xMZFlpPRGCTApuRXvZm4n9eLzXRlZ8xmaSGSrL4KEo5MjGaXY9CpigxfGIJJorZXREZYYWJsR2VbAne8smrpF2rehfV2n290rjO6yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AZEJkEA=</latexit>

described	well	by	quasiparScle	picture
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Quasipar=cle	approxima=on

In	low	temperature	phase,									=	sharp	peaks

⇢LR = 2Re[ eGR
LR(!)]

<latexit sha1_base64="5xtDK9ds3JVtgjELZt6InnBFuOQ="></latexit>

⇢LL = 2Im[ eGR
LL(!)]

<latexit sha1_base64="qKBtTvELIHZA8MhRMgvmc7v+p7g="></latexit>

All	2-pt	fcns	are	encoded	in	spectral	funcSons																																	and

⇢ab
<latexit sha1_base64="VCl+LOnAC5z6BjEC/9NXz8EkMMA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99vRI9TMcTfvlil/150CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjND56iM6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4OMyaT1FJJFovilCOr0Ox7NGCaEssnjmCimbsVkRHWmFiXUcmFECy/vEpatWpwUa3dX1bqN3kcRTiBUziHAK6gDnfQgCYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AFY6Qlw==</latexit>

⇢ab(!) =
X

i

Aab,iIm
h 1

! � (±!i + i�i)

i

<latexit sha1_base64="9X3bx8H5VE5Zh0zQ7MbWiyeFsBQ="></latexit>

!i Ai �i(T = 0.03) �i(T = 0.016)

1st 0.217 2.28 0.0115 0.00109
2nd 0.869 0.508 0.00153 0.000173
3rd 1.42 0.243 0.00115 0.000108

<latexit sha1_base64="avesUMApPpdVt8jnIxjC4/unuXE="></latexit>
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G>
ab(t) =

Z
d!e�i!t (i)⇢ab(!)

1 + e��!
<latexit sha1_base64="DRiadrVL41ISxN90cy027/JrSkA="></latexit>

∵ (KMS	relaSon)

G>
ab(t) = e�i!1t��1t + · · ·

<latexit sha1_base64="PtebTnadA42T0+U6nHXT8GHJi34=">AAACFXicbZDNSitBEIV71OtP/Iu6dDMYBOVqmFFBN4roQpcKRoVMHGo6ldjYPT101whhyEu48VXcuFDEreDOt7ETs/DqPdDwcaqK6jpJJoWlIPjwhoZH/oyOjU+UJqemZ2bLc/PnVueGY41rqc1lAhalSLFGgiReZgZBJRIvkpvDXv3iFo0VOj2jToYNBe1UtAQHclZcXjuKC0i6V3srtLqLV8W6iLTCNsQhrUdHoFSPun8j3tRk43IlqAZ9+b8hHECFDXQSl9+jpua5wpS4BGvrYZBRowBDgkvslqLcYgb8BtpYd5iCQtso+ld1/WXnNP2WNu6l5Pfd7xMFKGs7KnGdCuja/qz1zP/V6jm1dhqFSLOcMOVfi1q59En7vYj8pjDISXYcADfC/dXn12CAkwuy5EIIf578G843quFmdeN0q7J/MIhjnC2yJbbCQrbN9tkxO2E1xtkde2BP7Nm79x69F+/1q3XIG8wssH/kvX0CJ8GeNA==</latexit>

is	dominated	by	first	a	few	peaks

⇣2A1 + 2A2 + 2A3

2⇡
= 0.964

⌘

<latexit sha1_base64="2H8UQaUe2+1BSpYTkvDjT0qfMIo=">AAACFnicbVDLSsNAFJ3UV62vqEs3wSJUxJKkxcdCqHXjsoJ9QBPCZDpph04ezEyEEvIVbvwVNy4UcSvu/BsnbRbaemEuh3PO5c49bkQJF7r+rRSWlldW14rrpY3Nre0ddXevw8OYIdxGIQ1Zz4UcUxLgtiCC4l7EMPRdirvu+CbTuw+YcRIG92ISYduHw4B4BEEhKUc9tZpkSCuWxyBKzGvHOJHNzFotTUwrIumVXr08q2c2duyoZb2qT0tbBEYOyiCvlqN+WYMQxT4OBKKQ876hR8JOIBMEUZyWrJjjCKIxHOK+hAH0MbeT6VmpdiSZgeaFTL5AaFP290QCfc4nviudPhQjPq9l5H9aPxbehZ2QIIoFDtBskRdTTYRalpE2IAwjQScSQMSI/KuGRlAmJGSSJRmCMX/yIuiYVaNWNe/q5UYzj6MIDsAhqAADnIMGuAUt0AYIPIJn8ArelCflRXlXPmbWgpLP7IM/pXz+AHcynGs=</latexit>
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⇢ab
<latexit sha1_base64="VCl+LOnAC5z6BjEC/9NXz8EkMMA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99vRI9TMcTfvlil/150CrJMhJBXI0+uWv3kCRVFBpCcfGdAM/sWGGtWWE02mplxqaYDLGQ9p1VGJBTZjND56iM6cMUKy0K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4OMyaT1FJJFovilCOr0Ox7NGCaEssnjmCimbsVkRHWmFiXUcmFECy/vEpatWpwUa3dX1bqN3kcRTiBUziHAK6gDnfQgCYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AFY6Qlw==</latexit>



Revival	=	1st	peak	+	2nd	peak

out-of-phase	oscillaSon	with	period

To	see	revival	oscillaSon,	we	also	include	2nd	peak

|G>
ab(t)| = e��1t

<latexit sha1_base64="a5Fo7lLoSUjTKcfe6vwT36kXKso=">AAACBXicbVA9SwNBEN3zM8avqKUWh0HQwnAXBW2UoEUsIxgVkvOY22zMkt27Y3dOCJc0Nv4VGwtFbP0Pdv4bN8kVfj0YeLw3w8y8IBZco+N8WhOTU9Mzs7m5/PzC4tJyYWX1UkeJoqxOIxGp6wA0EzxkdeQo2HWsGMhAsKugezr0r+6Y0jwKL7AXM0/CbcjbnAIayS9s9Kt+CsHg5ngbd/pH7CbdbVZBSvBdHPiFolNyRrD/EjcjRZKh5hc+mq2IJpKFSAVo3XCdGL0UFHIq2CDfTDSLgXbhljUMDUEy7aWjLwb2llFadjtSpkK0R+r3iRSk1j0ZmE4J2NG/vaH4n9dIsH3opTyME2QhHS9qJ8LGyB5GYre4YhRFzxCgiptbbdoBBRRNcHkTgvv75b/kslxy90rl8/1i5SSLI0fWySbZJi45IBVyRmqkTii5J4/kmbxYD9aT9Wq9jVsnrGxmjfyA9f4Fd1+X6Q==</latexit>

:	no	oscillaSon

0.0 0.2 0.4 0.6 0.8 1.0

-200

-100

0

100

200

We	also	observe (c.f.	[Qi,Zhang,'20])

If	we	use	only	1st	peak,

ALR,2 = �ALL,2
<latexit sha1_base64="fNdeKiY4ffj8w7mMfviP+gICPqc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuNCSVEE3QtWNiy6q2Au0IUymk3boZBJmJmIJeRU3LhRx64u4822ctFlo6w8DH/85h3Pm9yJGpbKsb6OwtLyyulZcL21sbm3vmLvltgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS88U1W7zwSIWnIH9QkIk6Ahpz6FCOlLdcsX7lJ4/64ll6eZNTQ5JoVq2pNBRfBzqECcjVd86s/CHEcEK4wQ1L2bCtSToKEopiRtNSPJYkQHqMh6WnkKCDSSaa3p/BQOwPoh0I/ruDU/T2RoEDKSeDpzgCpkZyvZeZ/tV6s/AsnoTyKFeF4tsiPGVQhzIKAAyoIVmyiAWFB9a0Qj5BAWOm4SjoEe/7Li9CuVe3Tau3urFK/zuMogn1wAI6ADc5BHdyCJmgBDJ7AM3gFb0ZqvBjvxsestWDkM3vgj4zPH7Y1ku8=</latexit>
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!2 ⇡ 4Egap
<latexit sha1_base64="t5NisNQExVDYKIM+tcJ29iQzZ98=">AAACCHicbVBNSyNBEO1Rd41Zdzfq0YONYcFTmMkKegyK4FHBqJAJQ02nEht7ppvuGjEMOXrxr3jxoIhXf4I3/42dmINfDwoe71VRVS81SjoKw5dgZnbux8/5ykL11+LvP39rS8vHThdWYFtope1pCg6VzLFNkhSeGouQpQpP0vPdsX9ygdZJnR/R0GA3g0Eu+1IAeSmprcU6wwEkzRiMsfqSb+4lZUx4SeUAzGiU1OphI5yAfyXRlNTZFAdJ7TnuaVFkmJNQ4FwnCg11S7AkhcJRNS4cGhDnMMCOpzlk6Lrl5JER/+eVHu9r6ysnPlHfT5SQOTfMUt+ZAZ25z95Y/M7rFNTf7pYyNwVhLt4W9QvFSfNxKrwnLQpSQ09AWOlv5eIMLAjy2VV9CNHnl7+S42Yj+t9oHm7WWzvTOCpsla2zDRaxLdZi++yAtZlgV+yG3bH74Dq4DR6Cx7fWmWA6s8I+IHh6BSdmmhI=</latexit>
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revival	is	successful	if

!1 = Egap
<latexit sha1_base64="f+of5MjtEf7zvD46fw8uVM9Ioyo=">AAACAHicbVBNS8NAEN3Ur1q/qh48eAkWwVNJqqAXoSiCxwr2A5oQNttpu3Tzwe5ELCEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJnnx4IrtKxvo7C0vLK6VlwvbWxube+Ud/daKkokgyaLRCQ7PlUgeAhN5CigE0uggS+g7Y+uJ377AaTiUXiP4xjcgA5C3ueMopa88oETBTCgnn1546UOwiOmAxpnmVeuWFVrCnOR2DmpkBwNr/zl9CKWBBAiE1Sprm3F6KZUImcCspKTKIgpG9EBdDUNaQDKTacPZOaxVnpmP5K6QjSn6u+JlAZKjQNfdwYUh2rem4j/ed0E+xduysM4QQjZbFE/ESZG5iQNs8clMBRjTSiTXN9qsiGVlKHOrKRDsOdfXiStWtU+rdbuzir1qzyOIjkkR+SE2OSc1MktaZAmYSQjz+SVvBlPxovxbnzMWgtGPrNP/sD4/AELM5a0</latexit>

From	operator	formalism	it	follows

G>
ab(t) ⇠ e�i!1t��1t

<latexit sha1_base64="uuNgEFgYuMcnbFHYr80t2H9nG5M=">AAACEnicbZA9SwNBEIb3/DZ+RS1tFoOgheFOBa1EtNBSwaiQi8fcZhKX7N4du3NCOPIbbPwrNhaK2FrZ+W/cxBR+vbDw8M4Ms/PGmZKWfP/DGxkdG5+YnJouzczOzS+UF5cubJobgTWRqtRcxWBRyQRrJEnhVWYQdKzwMu4c9euXt2isTJNz6mbY0NBOZEsKIGdF5Y3jqIC4d72/ThuhlZrjdbEpw1RjG6KANsNj0LpPvahc8av+QPwvBEOosKFOo/J72ExFrjEhocDaeuBn1CjAkBQKe6Uwt5iB6EAb6w4T0GgbxeCkHl9zTpO3UuNeQnzgfp8oQFvb1bHr1EA39netb/5Xq+fU2msUMslywkR8LWrlilPK+/nwpjQoSHUdgDDS/ZWLGzAgyKVYciEEv0/+Cxdb1WC7unW2Uzk4HMYxxVbYKltnAdtlB+yEnbIaE+yOPbAn9uzde4/ei/f61TriDWeW2Q95b5/fhpz6</latexit>

G>
LL(t) ⇠ A1e

�i!1t��1t+A2e
�i!2t��2t

<latexit sha1_base64="xbVfChTeObvfxiKtC8uocdlDxuw="></latexit>

G>
LR(t) ⇠ A1e

�i!1t��1t�A2e
�i!2t��2t

<latexit sha1_base64="42gwMKkYSsqenxFUXdNLctXH9Es="></latexit>

2
!2�!1

<latexit sha1_base64="CDksDXfHhvRalHM8ITtVUz5jJ+0=">AAACEXicbZDLSsNAFIYn3q23qEs3g0XoxpJUQZdFNy4VbBWaUCbTk3ZwcmHmRAwhr+DGV3HjQhG37tz5Nk7bLLz9MPDxn3M4c/4glUKj43xaM7Nz8wuLS8u1ldW19Q17c6urk0xx6PBEJuo6YBqkiKGDAiVcpwpYFEi4Cm5Ox/WrW1BaJPEl5in4ERvGIhScobH6dqPwEO5QYy6BeqFivGiVhZdEMGT91n4Fbln27brTdCaif8GtoE4qnfftD2+Q8CyCGLlkWvdcJ0W/YAoFl1DWvExDyvgNG0LPYMwi0H4xuaike8YZ0DBR5sVIJ+73iYJFWudRYDojhiP9uzY2/6v1MgyP/ULEaYYQ8+miMJMUEzqOhw6EAo4yN8C4EuavlI+YiQVNiDUTgvv75L/QbTXdg2br4rDePqniWCI7ZJc0iEuOSJuckXPSIZzck0fyTF6sB+vJerXepq0zVjWzTX7Iev8CM7ed2w==</latexit>

!2 � !1 � �1
<latexit sha1_base64="XaCdJ7EonCc4G7fYXZTiBXxIIlI=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuLEkVdBl0YUuK9gLNCFMppN06MwkzEyEErpy46u4caGIW5/BnW/jtM1CW38Y+PjPOZw5f5gyqrTjfFulpeWV1bXyemVjc2t7x97da6skk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTDq8n9c4DkYom4l6PUuJzFAsaUYy0sQL70Es4iVFQPy3A9eIYejeIc8OBXXVqzlRwEdwCqqBQM7C/vH6CM06Exgwp1XOdVPs5kppiRsYVL1MkRXiIYtIzKBAnys+nZ4zhsXH6MEqkeULDqft7IkdcqREPTSdHeqDmaxPzv1ov09Gln1ORZpoIPFsUZQzqBE4ygX0qCdZsZABhSc1fIR4gibA2yVVMCO78yYvQrtfcs1r97rzauCriKIMDcAROgAsuQAPcgiZoAQwewTN4BW/Wk/VivVsfs9aSVczsgz+yPn8AvKqYAg==</latexit>

Note:



						by	first	peak

Large												helps	revival	in	two	ways:	transmission	speedup	&	decay	suppression

[Qi,Zhang,'20]

-Egap

Egap

Egap

�1 ⇠ e�
�Egap

2
<latexit sha1_base64="+q6IEsvMe8bSBz3mr9o9X2kW+AQ=">AAACF3icbVBNSyNBEO3x2/iV1aOXxiB4McxEQY+yy6JHBaNCJg41nZrY2D0zdNeIYZh/sZf9K3vZgyJe9ea/sRNz8OtBweO9KqrqxbmSlnz/xZuYnJqemZ2bry0sLi2v1H+sntmsMALbIlOZuYjBopIptkmSwovcIOhY4Xl8/Wvon9+gsTJLT2mQY1dDP5WJFEBOiurN8BC0higIrdQcL8vtMDEgyjBGAv47CglvqexDXlVlq6qiesNv+iPwryQYkwYb4ziqP4e9TBQaUxIKrO0Efk7dEgxJobCqhYXFHMQ19LHjaAoabbcc/VXxTaf0eJIZVynxkfp+ogRt7UDHrlMDXdnP3lD8zusUlOx3S5nmBWEq3hYlheKU8WFIvCcNClIDR0AY6W7l4gpcLuSirLkQgs8vfyVnrWaw02yd7DYOfo7jmGPrbINtsYDtsQN2xI5Zmwn2h/1jd+ze++v99x68x7fWCW88s8Y+wHt6BWs7oB4=</latexit>

=
1

3�1
e��Egap

<latexit sha1_base64="AREVDdl3IIls0/3qOxkNcaaLq24="></latexit>

Gab(t) ⇠ e�iEgapt��1t + e��EgapeiEgapt��1t
<latexit sha1_base64="RsIfgSgHASLK9LBzD126/EqAH84="></latexit>

Egap
<latexit sha1_base64="CjUISWyklqyIIlDpu+SQaNJHpuo=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQKeiyK4LGC/YA2ls120y7dbMLuRC0h/8OLB0W8+l+8+W/ctjlo64OBx3szzMzzY8E1Os63tbS8srq2Xtgobm5t7+yW9vabOkoUZQ0aiUi1faKZ4JI1kKNg7VgxEvqCtfzR1cRvPTCleSTvcBwzLyQDyQNOCRrp/rqXdpE9YTogcZb1SmWn4kxhLxI3J2XIUe+Vvrr9iCYhk0gF0brjOjF6KVHIqWBZsZtoFhM6IgPWMVSSkGkvnV6d2cdG6dtBpExJtKfq74mUhFqPQ990hgSHet6biP95nQSDCy/lMk6QSTpbFCTCxsieRGD3uWIUxdgQQhU3t9p0SBShaIIqmhDc+ZcXSbNacU8r1duzcu0yj6MAh3AEJ+DCOdTgBurQAAoKnuEV3qxH68V6tz5mrUtWPnMAf2B9/gAyRZL3</latexit>

● ● ● ●
● ● ● ●●●●●

●

0.1 0.2 0.3 0.4 0.5
0.05

0.10

0.15

0.20

0.25

�1
<latexit sha1_base64="nZvdbvqsiWzKxfaMDvjL0MxFwmw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj0oMcK9gPaUCbbTbt0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkesYbgRrJ0ohjIQrBWMbqZ+64kpzePowYwT5kscRDzkFI2V2t1blBJ7Xq9UdivuDGSZeDkpQ456r/TV7cc0lSwyVKDWHc9NjJ +hMpwKNil2U80SpCMcsI6lEUqm/Wx274ScWqVPwljZigyZqb8nMpRaj2VgOyWaoV70puJ/Xic14ZWf8ShJDYvofFGYCmJiMn2e9Lli1IixJUgVt7cSOkSF1NiIijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIM6NICCgGd4hTfn0Xlx3p2PeeuKk88cwR84nz+AQ4+d</latexit>

From	SD	eq																									,

-3 -2 -1 0 1 2 3
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eG =
1

! � e⌃
<latexit sha1_base64="PzdhEUMhUgH2QWT0YGnoJycm2gA=">AAACHHicbVDLSsNAFJ34rPVVdelmsAhuLIkVdCMUXeiyon1AE8pkclMHZ5IwM1FKyIe48VfcuFDEjQvBv3HaZlEfBy4czrmXe+/xE86Utu0va2Z2bn5hsbRUXl5ZXVuvbGy2VZxKCi0a81h2faKAswhammkO3UQCET6Hjn97NvI7dyAVi6NrPUzAE2QQsZBRoo3Ur9Qz954FoBkPAJ/nJ24oCc2cPHNjAQOyP227V2wgSJ73K1W7Zo+B/xKnIFVUoNmvfLhBTFMBkaacKNVz7ER7GZGaUQ552U0VJITekgH0DI2IAOVl4+dyvGuUAIexNBVpPFanJzIilBoK33QKom/Ub28k/uf1Uh0eexmLklRDRCeLwpRjHeNRUjhgEqjmQ0MIlczciukNMfFok2fZhOD8fvkvaR/UnHrt4PKw2jgt4iihbbSD9pCDjlADXaAmaiGKHtATekGv1qP1bL1Z75PWGauY2UI/YH1+A/Pzooc=</latexit>

�1 = Im[e⌃ab(! = Egap)]
<latexit sha1_base64="a8bvXtZMkXoQ2PA0tdLR4XMCe60="></latexit>



						by	first	peak

● ●●●●●●●●●
●●

●

0.0 0.1 0.2 0.3 0.4 0.5
0.00

0.05

0.10

0.15

0.20

0.25

�L
<latexit sha1_base64="4TLaltlDkrrhZLvTCuAyCR9EC0A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6Lbly4qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/M/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2GeHA3KFfcqjsHWiVeTiqQozkof/XDmKSCSkM41rrnuY nxM6wMI5xOS/1U0wSTMR7SnqUSC6r9bL7wFJ1ZJURRrOyTBs3V3xMZFlpPRGCTApuRXvZm4n9eLzXRlZ8xmaSGSrL4KEo5MjGaXY9CpigxfGIJJorZXREZYYWJsR2VbAne8smrpF2rehfV2n290rjO6yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AZEJkEA=</latexit>

Ladder	eq:

fabcd(t1�2) =

Z
dt5dt6e

��Lt1+2
2 GR

ae(t1�5)G
R
bf (t2�6)Gef

⇣�
2
+ it5�6

⌘2
e

�Lt5+6
2 fefcd(t5�6)

<latexit sha1_base64="LnzbURhp7Juoo8kgw6QNVU4LceY="></latexit>

are	cancelled	by

Gef

⇣�
2
+ it5�6

⌘2
⇠ e��Egap�2�1|t| ⇥ (rapid oscillation)2

<latexit sha1_base64="FVGTlYJ9Ee5iWtURnTsAleO4qXY="></latexit>

GR
ab(t) ⇠ ✓(t)e±iEgapt��1|t|

<latexit sha1_base64="dKtLB7TR7ZBplL4sy2Mj44VuVjg="></latexit>

@t1 ± iEgap + �1 +
�L

2
<latexit sha1_base64="5yQWGVjGDsRKUgx87uIXYe+ztLY="></latexit>

h
� d2

dt02
+

1

4

⇣ �L

2�1
+ 1

⌘2
� 6e�|t0|

i
fabcd(t

0) = 0
<latexit sha1_base64="KJ90xSu39JEUIm0lSsvsNQAsj+E="></latexit>

(t0 = �1t)
<latexit sha1_base64="V6uVM33YJVdOSb4vcAc/3hmyoWk=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItYL2W3CnoRih70WMF+QLuWbJq2oUl2SWaVsvR/ePGgiFf/izf/jWm7B219MPB4b4aZeUEkuAHX/XYyS8srq2vZ9dzG5tb2Tn53r27CWFNWo6EIdTMghgmuWA04CNaMNCMyEKwRDK8nfuORacNDdQ+jiPmS9BXvcUrASg9FOL5s3xApSceDk06+4JbcKfAi8VJSQCmqnfxXuxvSWDIFVBBjWp4bgZ8QDZwKNs61Y8MiQoekz1qWKiKZ8ZPp1WN8ZJUu7oXalgI8VX9PJEQaM5KB7ZQEBmbem4j/ea0Yehd+wlUUA1N0tqgXCwwhnkSAu1wzCmJkCaGa21sxHRBNKNigcjYEb/7lRVIvl7zTUvnurFC5SuPIogN0iIrIQ+eogm5RFdUQRRo9o1f05jw5L8678zFrzTjpzD76A+fzB+HHkXY=</latexit>

�L

�1
<latexit sha1_base64="nXvzl/wsLbKv/fKnF9lS6BzXRP8=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRV0GXRhS5cVLAPaEK4mU7aoTNJmJkIJQTc+CtuXCji1p9w5984bbPQ1gMDh3Pu4c49QcKoVLb9bZSWlldW18rrlY3Nre0dc3evLeNUYNLCMYtFNwBJGI1IS1HFSDcRBHjASCcYXU38zgMRksbRvRonxOMwiGhIMSgt+eaBGwrAmct0pA/+bZ6518A5+E7um1W7Zk9hLRKnIFVUoOmbX24/xiknkcIMpOw5dqK8DISimJG84qaSJIBHMCA9TSPgRHrZ9IbcOtZK3wpjoV+krKn6O5EBl3LMAz3JQQ3lvDcR//N6qQovvIxGSapIhGeLwpRZKrYmhVh9KghWbKwJYEH1Xy08BF2K0rVVdAnO/MmLpF2vOae1+t1ZtXFZ1FFGh+gInSAHnaMGukFN1EIYPaJn9IrejCfjxXg3PmajJaPI7KM/MD5/ACALl9I=</latexit>

=	O(1)	const.	independent	of �, µ
<latexit sha1_base64="95c6VomMd8vOgVd637+7+1OwOUE=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQY9FLx4r2A9pQtlsJ+3S3STsboRS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6QaBY+xYbgR2E4VUhkKbIXD26nfekKleRI/mFGKgaT9mEecUWOlRz9EQ899mXVLZbfizkCWiZeTMuSod0tffi9hmcTYMEG17nhuaoIxVYYzgZOin2lMKRvSPnYsjalEHYxnB0/IqVV6JEqUrdiQmfp7Ykyl1iMZ2k5JzUAvelPxP6+Tmeg6GPM4zQzGbL4oygQxCZl+T3pcITNiZAllittbCRtQRZmxGRVtCN7iy8ukWa14F5Xq/WW5dpPHUYBjOIEz8OAKanAHdWgAAwnP8ApvjnJenHfnY9664uQzR/AHzucPhz6QOg==</latexit>

(⇡ 2.706)
<latexit sha1_base64="TzQoGsm6ZSsxTT/4p4L902jvQks=">AAAB+HicbVDLTgIxFO3gC/HBqEs3jcQEN5MZNOKS6MYlJvJIYEI6pQMNnbZpO0YkfIkbFxrj1k9x599YYBYKnuQmJ+fcm3vviSSj2vj+t5NbW9/Y3MpvF3Z29/aL7sFhU4tUYdLAggnVjpAmjHLSMNQw0paKoCRipBWNbmZ+64EoTQW/N2NJwgQNOI0pRsZKPbdY7iIplXiEFa/qX5713JLv+XPAVRJkpAQy1HvuV7cvcJoQbjBDWncCX5pwgpShmJFpoZtqIhEeoQHpWMpRQnQ4mR8+hadW6cNYKFvcwLn6e2KCEq3HSWQ7E2SGetmbif95ndTEV+GEcpkawvFiUZwyaAScpQD7VBFs2NgShBW1t0I8RAphY7Mq2BCC5ZdXSbPiBede5e6iVLvO4siDY3ACyiAAVVADt6AOGgCDFDyDV/DmPDkvzrvzsWjNOdnMEfgD5/MHeaiRqQ==</latexit>

fixed	by	b.c.	at	 t0 = ±1
<latexit sha1_base64="v3Abc1676f3tJ3QL7vS1Fl/ZyWc=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ6KkkV9CIUvXisYD+gCWWz3bRLN5tldyKE0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmhUpwA6777aysrq1vbJa2yts7u3v7lYPDtklSTVmLJiLR3ZAYJrhkLeAgWFdpRuJQsE44vpv6nSemDU/kI2SKBTEZSh5xSsBKPpzd+Cr2uYwg61eqbs2dAS8TryBVVKDZr3z5g4SmMZNABTGm57kKgpxo4FSwSdlPDVOEjsmQ9SyVJGYmyGc3T/CpVQY4SrQtCXim/p7ISWxMFoe2MyYwMoveVPzP66UQXQc5lyoFJul8UZQKDAmeBoAHXDMKIrOEUM3trZiOiCYUbExlG4K3+PIyaddr3kWt/nBZbdwWcZTQMTpB58hDV6iB7lETtRBFCj2jV/TmpM6L8+58zFtXnGLmCP2B8/kD1FSRjQ==</latexit>

and	smoothness	at	t'=0
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Contents

3.	Imperfectly	correlated	disorder

4.	Future	problems

1.	SYK	model	in	large	N	limitX
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>

X
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>

[TN,Numasawa,'19][TN,Numasawa,'22]

[reviews]

2.	Regenesis	(revival)	in	two	coupled	SYK [TN,Numasawa,'20]	+	[reviews]



Imperfectly	correlated	disorders

LR	entanglement	structure	of	ground	state	is	modified:	

Diagrams	contribuSng	to										,												are	suppressedGLR
<latexit sha1_base64="Aw5QxHFcV7E/TiLI4Hh5nMfYEAc=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQMughRYWUcwHJEfY2+wla/Z2j909IRz5DzYWitj6f+z8N26SKzTxwcDjvRlm5gUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYHQ19VtPVGkmxYMZx9SP8ECwkBFsrNS87qW395NeseSW3RnQMvEyUoIM9V7xq9uXJImoMIRjrTueGxs/xcowwumk0E00jTEZ4QHtWCpwRLWfzq6doBOr9FEolS1h0Ez9PZHiSOtxFNjOCJuhXvSm4n9eJzHhhZ8yESeGCjJfFCYcGYmmr6M+U5QYPrYEE8XsrYgMscLE2IAKNgRv8eVl0qyUvbNy5a5aql1mceThCI7hFDw4hxrcQB0aQOARnuEV3hzpvDjvzse8NedkM4fwB87nD1KVjvY=</latexit>

eJ 2
<latexit sha1_base64="nzGYlT1AMBNjkgTM9chA/VJDs0M=">AAACEnicbVC7SgNBFJ31GeMramkzGARtwm4UtAzaiFUEE4XsGmZnb5LB2Qczd9Ww7DfY+Cs2ForYWtn5N042KXwduHA4596Ze4+fSKHRtj+tqemZ2bn50kJ5cWl5ZbWytt7Wcao4tHgsY3XpMw1SRNBCgRIuEwUs9CVc+NfHI//iBpQWcXSOwwS8kPUj0ROcoZG6lV0X4Q6LdzJfppBnmXsrAkAhA6CZy5mkp3l+Vc+7lapdswvQv8SZkCqZoNmtfLhBzNMQIuSSad1x7AS9jCkUXEJedlMNCePXrA8dQyMWgvayYpWcbhsloL1YmYqQFur3iYyFWg9D33SGDAf6tzcS//M6KfYOvUxESYoQ8fFHvVRSjOkoHxoIBRzl0BDGlTC7Uj5ginE0KZZNCM7vk/+Sdr3m7NXqZ/vVxtEkjhLZJFtkhzjkgDTICWmSFuHknjySZ/JiPVhP1qv1Nm6dsiYzG+QHrPcv2PGezg==</latexit>

⌃LR
<latexit sha1_base64="4mJBGMlSqy0wW03Qwf0spbk76OE=">AAAB8nicbVDJSgNBEK2JW4xb1KOXwSB4CjNR0GPQiwcPcckCkyH0dHqSJr0M3T1CGPIZXjwo4tWv8ebf2EnmoIkPCh7vVVFVL0oY1cbzvp3Cyura+kZxs7S1vbO7V94/aGmZKkyaWDKpOhHShFFBmoYaRjqJIohHjLSj0fXUbz8RpakUj2ackJCjgaAxxchYKeg+0AFHvez2ftIrV7yqN4O7TPycVCBHo1f+6vYlTjkRBjOkdeB7iQkzpAzFjExK3VSTBOERGpDAUoE40WE2O3ninlil78ZS2RLGnam/JzLEtR7zyHZyZIZ60ZuK/3lBauLLMKMiSQ0ReL4oTplrpDv93+1TRbBhY0sQVtTe6uIhUggbm1LJhuAvvrxMWrWqf1at3Z1X6ld5HEU4gmM4BR8uoA430IAmYJDwDK/w5hjnxXl3PuatBSefOYQ/cD5/ACxPkS4=</latexit>

H = HSYK(J
L
ijk`; 

L
i ) +HSYK(J

R
ijk`; 

R
i ) + iµ

X

i

 
L
i  

R
i

<latexit sha1_base64="gjUr8cbsbrr3mcEbKWfCbNALIcM="></latexit>

hJL
ijk`

2i = hJR
ijk`

2i = N�3
<latexit sha1_base64="4h+HABLHOKr0m6Nay613d5VChxQ=">AAACMXicbVDLSgMxFM3UV62vqks3wSK4scxUQTdC0U0RkSq2FjptyaS3NTaTGZKMUIb5JTf+ibjpQhG3/oTpY1FtDwQO55zLzT1eyJnStj2wUguLS8sr6dXM2vrG5lZ2e6eqgkhSqNCAB7LmEQWcCahopjnUQgnE9zg8eL3Lof/wDFKxQNzrfggNn3QF6zBKtJFa2ZLLiehywPFVK2ZPPRc4T5rXSbPgypFxPjdwNxW4acZHx0krm7Pz9gh4ljgTkkMTlFvZN7cd0MgHoSknStUdO9SNmEjNKIck40YKQkJ7pAt1QwXxQTXi0cUJPjBKG3cCaZ7QeKROT8TEV6rveybpE/2o/ntDcZ5Xj3TnrBEzEUYaBB0v6kQc6wAP68NtJoFq3jeEUMnMXzF9JJJQbUrOmBKc/yfPkmoh7xznC7cnueLFpI402kP76BA56BQVUQmVUQVR9ILe0Qf6tF6tgfVlfY+jKWsys4v+wPr5BVdsqt8=</latexit>

hJL
ijk`J

R
ijk`i = eJ 2N�3

<latexit sha1_base64="lf/FypTzZS3Iw1kWl9BYcoCG2Pg="></latexit>

( eJ < 1)
<latexit sha1_base64="/Y7mcSpEDMKH3+aCTb630oRphTc=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWpgi5cFN2Iqwr2AU0ok8ltO3TyYGailBDc+CtuXCji1q9w5984bbPQ1gMXDufcy733eDFnUlnWt7GwuLS8slpYK65vbG5tmzu7TRklgkKDRjwSbY9I4CyEhmKKQzsWQAKPQ8sbXo391j0IyaLwTo1icAPSD1mPUaK01DX3y6nzwHxQjPuAU4cSjm+y7MI+7polq2JNgOeJnZMSylHvml+OH9EkgFBRTqTs2Fas3JQIxSiHrOgkEmJCh6QPHU1DEoB008kLGT7Sio97kdAVKjxRf0+kJJByFHi6MyBqIGe9sfif10lU79xNWRgnCkI6XdRLOFYRHueBfSaAKj7ShFDB9K2YDoggVOnUijoEe/bledKsVuyTSvX2tFS7zOMooAN0iMrIRmeohq5RHTUQRY/oGb2iN+PJeDHejY9p64KRz+yhPzA+fwD/hpaE</latexit>

( L
i � i R

i )|Ii = 0
<latexit sha1_base64="15YXYNL7pu/LcgCXV8+OFWlbdpU=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIdWFJqqAboehGwUUVe4Emhsl00g6dTMLMRCixSze+ihsXirj1Edz5Nk7bLLT1h4GP/5zDmfP7MaNSWda3MTM7N7+wmFvKL6+srq2bG5t1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafi982G9cU+EpBG/Vf2YuCHqcBpQjJS2PHOn6MSSevTu6oBmdLP/cOkIxDuMnFqeWbBK1khwGuwMCiBT1TO/nHaEk5BwhRmSsmVbsXJTJBTFjAzyTiJJjHAPdUhLI0chkW46OmQA97TThkEk9OMKjtzfEykKpeyHvu4MkerKydrQ/K/WSlRw4qaUx4kiHI8XBQmDKoLDVGCbCoIV62tAWFD9V4i7SCCsdHZ5HYI9efI01Msl+7BUvj4qVM6yOHJgG+yCIrDBMaiAC1AFNYDBI3gGr+DNeDJejHfjY9w6Y2QzW+CPjM8fk8qZDQ==</latexit>

|gsi ⇡ e��
⇤(µ)(HL

SYK+H
R
SYK)|Ii

<latexit sha1_base64="4WVko9ObG18+AQuQtAPfVg3RO1U="></latexit>

ExpectaSon:														suppressed

revival	suppressed	due	to	quasiparScle	picture

Egap
<latexit sha1_base64="CjUISWyklqyIIlDpu+SQaNJHpuo=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQKeiyK4LGC/YA2ls120y7dbMLuRC0h/8OLB0W8+l+8+W/ctjlo64OBx3szzMzzY8E1Os63tbS8srq2Xtgobm5t7+yW9vabOkoUZQ0aiUi1faKZ4JI1kKNg7VgxEvqCtfzR1cRvPTCleSTvcBwzLyQDyQNOCRrp/rqXdpE9YTogcZb1SmWn4kxhLxI3J2XIUe+Vvrr9iCYhk0gF0brjOjF6KVHIqWBZsZtoFhM6IgPWMVSSkGkvnV6d2cdG6dtBpExJtKfq74mUhFqPQ990hgSHet6biP95nQSDCy/lMk6QSTpbFCTCxsieRGD3uWIUxdgQQhU3t9p0SBShaIIqmhDc+ZcXSbNacU8r1duzcu0yj6MAh3AEJ+DCOdTgBurQAAoKnuEV3qxH68V6tz5mrUtWPnMAf2B9/gAyRZL3</latexit>
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Suppressed											,	increased

In	μ→0	limit,																													only	when Egap ⇠ µ2
<latexit sha1_base64="mX+UaOqH0Dfxk7ESDweenTzPoZs=">AAACAXicbVDLSsNAFJ34rPVVdSO4GSyCq5JUQZdFEVxWsA9oYphMJ+3QmSTM3IglxI2/4saFIm79C3f+jdPHQlsPXDiccy/33hMkgmuw7W9rYXFpeWW1sFZc39jc2i7t7DZ1nCrKGjQWsWoHRDPBI9YADoK1E8WIDARrBYPLkd+6Z0rzOLqFYcI8SXoRDzklYCS/tH/lZy6wB8h6JMlzV3OJXZneVf1S2a7YY+B54kxJGU1R90tfbjemqWQRUEG07jh2Al5GFHAqWF50U80SQgekxzqGRkQy7WXjD3J8ZJQuDmNlKgI8Vn9PZERqPZSB6ZQE+nrWG4n/eZ0UwnMv41GSAovoZFGYCgwxHsWBu1wxCmJoCKGKm1sx7RNFKJjQiiYEZ/bledKsVpyTSvXmtFy7mMZRQAfoEB0jB52hGrpGddRAFD2iZ/SK3qwn68V6tz4mrQvWdGYP/YH1+QPUrpcf</latexit>

Egap ⇠ µ
2
3

<latexit sha1_base64="b1g0/PTLEutVwp4+dWsj2FHhOD8=">AAACDXicbVDLSsNAFJ34rPVVdelmsAquStIKuiyK4LKCfUATy2Q6qYMzSZi5EcuQH3Djr7hxoYhb9+78G6c1C18HLhzOuZd77wlTwTW47oczMzs3v7BYWiovr6yurVc2Njs6yRRlbZqIRPVCopngMWsDB8F6qWJEhoJ1w+uTid+9YUrzJL6AccoCSUYxjzglYKVBZfd0YHxgt2BGJM1zX3OJfZldGj9ShJp6bhp5PqhU3Zo7Bf5LvIJUUYHWoPLuDxOaSRYDFUTrvuemEBiigFPB8rKfaZYSek1GrG9pTCTTgZl+k+M9qwxxlChbMeCp+n3CEKn1WIa2UxK40r+9ifif188gOgoMj9MMWEy/FkWZwJDgSTR4yBWjIMaWEKq4vRXTK2JjABtg2Ybg/X75L+nUa16jVj8/qDaPizhKaBvtoH3koUPURGeohdqIojv0gJ7Qs3PvPDovzutX64xTzGyhH3DePgHUH5yq</latexit>

J̃ 2 = 1
<latexit sha1_base64="ACOPnaiqdBAWbgVkk+/kkiGTcBc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpgm6EohtxVcE+oIllMrlph04ezEyEEgL+ihsXirj1O9z5N07bLLT1wIXDOfdy7z1ewplUlvVtlJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEQmcRdBSTHHoJgJI6HHoeKPrid95BCFZHN2rcQJuSAYRCxglSkt98yBzFOM+4MyhhOPbPH+oX9p9s2rVrCnwIrELUkUFmn3zy/FjmoYQKcqJlD3bSpSbEaEY5ZBXnFRCQuiIDKCnaURCkG42PT/Hx1rxcRALXZHCU/X3REZCKcehpztDooZy3puI/3m9VAUXbsaiJFUQ0dmiIOVYxXiSBfaZAKr4WBNCBdO3YjokglClE6voEOz5lxdJu16zT2v1u7Nq46qIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsfs9aSUczsoz8wPn8AJ3mU8w==</latexit>

.	Otherwise

Egap
<latexit sha1_base64="CjUISWyklqyIIlDpu+SQaNJHpuo=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQKeiyK4LGC/YA2ls120y7dbMLuRC0h/8OLB0W8+l+8+W/ctjlo64OBx3szzMzzY8E1Os63tbS8srq2Xtgobm5t7+yW9vabOkoUZQ0aiUi1faKZ4JI1kKNg7VgxEvqCtfzR1cRvPTCleSTvcBwzLyQDyQNOCRrp/rqXdpE9YTogcZb1SmWn4kxhLxI3J2XIUe+Vvrr9iCYhk0gF0brjOjF6KVHIqWBZsZtoFhM6IgPWMVSSkGkvnV6d2cdG6dtBpExJtKfq74mUhFqPQ990hgSHet6biP95nQSDCy/lMk6QSTpbFCTCxsieRGD3uWIUxdgQQhU3t9p0SBShaIIqmhDc+ZcXSbNacU8r1duzcu0yj6MAh3AEJ+DCOdTgBurQAAoKnuEV3qxH68V6tz5mrUtWPnMAf2B9/gAyRZL3</latexit>

Egap
<latexit sha1_base64="CjUISWyklqyIIlDpu+SQaNJHpuo=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQKeiyK4LGC/YA2ls120y7dbMLuRC0h/8OLB0W8+l+8+W/ctjlo64OBx3szzMzzY8E1Os63tbS8srq2Xtgobm5t7+yW9vabOkoUZQ0aiUi1faKZ4JI1kKNg7VgxEvqCtfzR1cRvPTCleSTvcBwzLyQDyQNOCRrp/rqXdpE9YTogcZb1SmWn4kxhLxI3J2XIUe+Vvrr9iCYhk0gF0brjOjF6KVHIqWBZsZtoFhM6IgPWMVSSkGkvnV6d2cdG6dtBpExJtKfq74mUhFqPQ990hgSHet6biP95nQSDCy/lMk6QSTpbFCTCxsieRGD3uWIUxdgQQhU3t9p0SBShaIIqmhDc+ZcXSbNacU8r1duzcu0yj6MAh3AEJ+DCOdTgBurQAAoKnuEV3qxH68V6tz5mrUtWPnMAf2B9/gAyRZL3</latexit>

J̃ 2
<latexit sha1_base64="er3uIYcCWDpkdDJNBWP52+3V92w=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6EVcV7AOaWCaTm3bo5MHMRAgh/oobF4q49UPc+TdO2yy09cCFwzn3cu89XsKZVJb1baysrq1vbFa2qts7u3v75sFhV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMm11O/9whCsji6V1kCbkhGEQsYJUpLQ7OWO4pxH3DuUMLxbVE8NIdm3WpYM+BlYpekjkq0h+aX48c0DSFSlBMpB7aVKDcnQjHKoag6qYSE0AkZwUDTiIQg3Xx2fIFPtOLjIBa6IoVn6u+JnIRSZqGnO0OixnLRm4r/eYNUBZduzqIkVRDR+aIg5VjFeJoE9pkAqnimCaGC6VsxHRNBqNJ5VXUI9uLLy6TbbNhnjebdeb11VcZRQUfoGJ0iG12gFrpBbdRBFGXoGb2iN+PJeDHejY9564pRztTQHxifPygdlHE=</latexit>

decreases	monotonically	in
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increase	monotonically	in�L
<latexit sha1_base64="4TLaltlDkrrhZLvTCuAyCR9EC0A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6Lbly4qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/M/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2GeHA3KFfcqjsHWiVeTiqQozkof/XDmKSCSkM41rrnuYnxM6wMI5xOS/1U0wSTMR7SnqUSC6r9bL7wFJ1ZJURRrOyTBs3V3xMZFlpPRGCTApuRXvZm4n9eLzXRlZ8xmaSGSrL4KEo5MjGaXY9CpigxfGIJJorZXREZYYWJsR2VbAne8smrpF2rehfV2n290rjO6yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AZEJkEA=</latexit>

J̃ 2
<latexit sha1_base64="er3uIYcCWDpkdDJNBWP52+3V92w=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6EVcV7AOaWCaTm3bo5MHMRAgh/oobF4q49UPc+TdO2yy09cCFwzn3cu89XsKZVJb1baysrq1vbFa2qts7u3v75sFhV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMm11O/9whCsji6V1kCbkhGEQsYJUpLQ7OWO4pxH3DuUMLxbVE8NIdm3WpYM+BlYpekjkq0h+aX48c0DSFSlBMpB7aVKDcnQjHKoag6qYSE0AkZwUDTiIQg3Xx2fIFPtOLjIBa6IoVn6u+JnIRSZqGnO0OixnLRm4r/eYNUBZduzqIkVRDR+aIg5VjFeJoE9pkAqnimCaGC6VsxHRNBqNJ5VXUI9uLLy6TbbNhnjebdeb11VcZRQUfoGJ0iG12gFrpBbdRBFGXoGb2iN+PJeDHejY9564pRztTQHxifPygdlHE=</latexit>

at	low	temperature,	consistent	with	quasiparScle	picture �L ⇠ e�
�Egap

2
<latexit sha1_base64="JDp4BWCSiIPDgt+syBJqH4cEb48="></latexit>

�L
<latexit sha1_base64="4TLaltlDkrrhZLvTCuAyCR9EC0A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6Lbly4qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/M/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2GeHA3KFfcqjsHWiVeTiqQozkof/XDmKSCSkM41rrnuYnxM6wMI5xOS/1U0wSTMR7SnqUSC6r9bL7wFJ1ZJURRrOyTBs3V3xMZFlpPRGCTApuRXvZm4n9eLzXRlZ8xmaSGSrL4KEo5MjGaXY9CpigxfGIJJorZXREZYYWJsR2VbAne8smrpF2rehfV2n290rjO6yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AZEJkEA=</latexit>

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●

●

●

●
●
●
●

●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●

●
●

●

●

●

●

●

●●●●●●●●
●●●●●●

●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●●●●

●●●
●●●

●

●●●●●
●●

●●
●

5 10 50 100
0.0

0.2

0.4

0.6

0.8

●

●

●

●

●

●



Suppressed	revival	oscilla=on

Does	revival	completely	disappear	from	(μ,T)	plane	at	some	finite									?J̃ 2
<latexit sha1_base64="er3uIYcCWDpkdDJNBWP52+3V92w=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6EVcV7AOaWCaTm3bo5MHMRAgh/oobF4q49UPc+TdO2yy09cCFwzn3cu89XsKZVJb1baysrq1vbFa2qts7u3v75sFhV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMm11O/9whCsji6V1kCbkhGEQsYJUpLQ7OWO4pxH3DuUMLxbVE8NIdm3WpYM+BlYpekjkq0h+aX48c0DSFSlBMpB7aVKDcnQjHKoag6qYSE0AkZwUDTiIQg3Xx2fIFPtOLjIBa6IoVn6u+JnIRSZqGnO0OixnLRm4r/eYNUBZduzqIkVRDR+aIg5VjFeJoE9pkAqnimCaGC6VsxHRNBqNJ5VXUI9uLLy6TbbNhnjebdeb11VcZRQUfoGJ0iG12gFrpBbdRBFGXoGb2iN+PJeDHejY9564pRztTQHxifPygdlHE=</latexit>

Slower	oscillaSon	&	faster	decay consistent	with	quasiparScle	picture
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No	revival	for																						at	this	(μ,T),	but	for	smaller	μ,T	there	may	be.J̃ 2  0.4
<latexit sha1_base64="er+bEVxtg0MWtOjl1ohxmTIWA6M=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4Ckkt6LLoRlxVsA9oYplMbtqhkwczE6GEght/xY0LRdz6E+78G6dtFtp64MLhnHu59x4/5Uwq2/42lpZXVtfWSxvlza3tnV1zb78lk0xQaNKEJ6LjEwmcxdBUTHHopAJI5HNo+8Orid9+ACFZEt+pUQpeRPoxCxklSks98zB3FeMB4NylhOOb8fi+6nLAtlXrmRXbsqfAi8QpSAUVaPTMLzdIaBZBrCgnUnYdO1VeToRilMO47GYSUkKHpA9dTWMSgfTy6Q9jfKKVAIeJ0BUrPFV/T+QkknIU+bozImog572J+J/XzVR44eUsTjMFMZ0tCjOOVYIngeCACaCKjzQhVDB9K6YDIghVOrayDsGZf3mRtKqWc2ZVb2uV+mURRwkdoWN0ihx0juroGjVQE1H0iJ7RK3oznowX4934mLUuGcXMAfoD4/MHOnKWlg==</latexit>

QuesSon:	
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Phase	diagram

decreases

Let	us	"define"	criScal	correlaSon

Tc,WH(µ)
<latexit sha1_base64="pRSSK7M98VK8Prm8nWJSmPl1HdY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahgpSkCrosuumyQl/QhDCZTtqhkwczN2INwV9x40IRt/6HO//GaZuFth64cDjnXu69x4s5k2Ca31phZXVtfaO4Wdra3tnd0/cPOjJKBKFtEvFI9DwsKWchbQMDTnuxoDjwOO1649up372nQrIobMEkpk6AhyHzGcGgJFc/arkpObeBPkDabWRZxQ6SM1cvm1VzBmOZWDkpoxxNV/+yBxFJAhoC4VjKvmXG4KRYACOcZiU7kTTGZIyHtK9oiAMqnXR2fWacKmVg+JFQFYIxU39PpDiQchJ4qjPAMJKL3lT8z+sn4F87KQvjBGhI5ov8hBsQGdMojAETlACfKIKJYOpWg4ywwARUYCUVgrX48jLp1KrWRbV2d1mu3+RxFNExOkEVZKErVEcN1ERtRNAjekav6E170l60d+1j3lrQ8plD9Afa5w8RNJT4</latexit>

As	 J̃ 2
<latexit sha1_base64="er3uIYcCWDpkdDJNBWP52+3V92w=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6EVcV7AOaWCaTm3bo5MHMRAgh/oobF4q49UPc+TdO2yy09cCFwzn3cu89XsKZVJb1baysrq1vbFa2qts7u3v75sFhV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMm11O/9whCsji6V1kCbkhGEQsYJUpLQ7OWO4pxH3DuUMLxbVE8NIdm3WpYM+BlYpekjkq0h+aX48c0DSFSlBMpB7aVKDcnQjHKoag6qYSE0AkZwUDTiIQg3Xx2fIFPtOLjIBa6IoVn6u+JnIRSZqGnO0OixnLRm4r/eYNUBZduzqIkVRDR+aIg5VjFeJoE9pkAqnimCaGC6VsxHRNBqNJ5VXUI9uLLy6TbbNhnjebdeb11VcZRQUfoGJ0iG12gFrpBbdRBFGXoGb2iN+PJeDHejY9564pRztTQHxifPygdlHE=</latexit>

is	decreased,

µc
<latexit sha1_base64="4f/A59CYTKrufXWub46C97ZaVis=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWMENwkkS5idzCZDZmaXeQhhyTd48aCIVz/Im3/jJNmDJhY0FFXddHfFGWfa+P63t7a+sbm1Xdop7+7tHxxWjo5bOrWK0JCkPFWdGGvKmaShYYbTTqYoFjGn7Xh8N/PbT1RplspHM8loJPBQsoQRbJwU9oTtk36l6tf8OdAqCQpShQLNfuWrN0iJFVQawrHW3cDPTJRjZRjhdFruWU0zTMZ4SLuOSiyojvL5sVN07pQBSlLlSho0V39P5FhoPRGx6xTYjPSyNxP/87rWJDdRzmRmDZVksSixHJkUzT5HA6YoMXziCCaKuVsRGWGFiXH5lF0IwfLLq6RVrwWXtfrDVbVxW8RRglM4gwsI4BoacA9NCIEAg2d4hTdPei/eu/exaF3zipkT+APv8wfRcI6w</latexit>

and																	also	decreases	in J̃ 2
<latexit sha1_base64="er3uIYcCWDpkdDJNBWP52+3V92w=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6EVcV7AOaWCaTm3bo5MHMRAgh/oobF4q49UPc+TdO2yy09cCFwzn3cu89XsKZVJb1baysrq1vbFa2qts7u3v75sFhV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMm11O/9whCsji6V1kCbkhGEQsYJUpLQ7OWO4pxH3DuUMLxbVE8NIdm3WpYM+BlYpekjkq0h+aX48c0DSFSlBMpB7aVKDcnQjHKoag6qYSE0AkZwUDTiIQg3Xx2fIFPtOLjIBa6IoVn6u+JnIRSZqGnO0OixnLRm4r/eYNUBZduzqIkVRDR+aIg5VjFeJoE9pkAqnimCaGC6VsxHRNBqNJ5VXUI9uLLy6TbbNhnjebdeb11VcZRQUfoGJ0iG12gFrpBbdRBFGXoGb2iN+PJeDHejY9564pRztTQHxifPygdlHE=</latexit>

J̃ 2
c

<latexit sha1_base64="HxceSqRg34MVdUPzUf1KrhYyqmk=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRV0GXRjbiqYB/QxDCZTNqhkwczN0IJAX/FjQtF3Pod7vwbp20W2nrgwuGce7n3Hj8VXIFlfRtLyyura+uVjerm1vbOrrm331FJJilr00QksucTxQSPWRs4CNZLJSORL1jXH11P/O4jk4on8T2MU+ZGZBDzkFMCWvLMw9wBLgKGc4cSgW+LwqMPDc+sWXVrCrxI7JLUUImWZ345QUKziMVABVGqb1spuDmRwKlgRdXJFEsJHZEB62sak4gpN5+eX+ATrQQ4TKSuGPBU/T2Rk0ipceTrzojAUM17E/E/r59BeOnmPE4zYDGdLQozgSHBkyxwwCWjIMaaECq5vhXTIZGEgk6sqkOw519eJJ1G3T6rN+7Oa82rMo4KOkLH6BTZ6AI10Q1qoTaiKEfP6BW9GU/Gi/FufMxal4xy5gD9gfH5A6dPlUc=</latexit>

µc(J̃ 2
c ) = 0

<latexit sha1_base64="sto4o8+pUj//H0S+CI9u2sY9CGo=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHqpiRV0I1QdCOuKtgHNDFMJpN26GQSZiZCCdm58VfcuFDErb/gzr9x2mahrQcuHM65l3vv8RNGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd22zJOBSYtHLNYdH0kCaOctBRVjHQTQVDkM9Lxh1djv/NAhKQxv1OjhLgR6nMaUoyUljzzwIlSD1czR1EWEJg5GDF4k+cevq8fX1ieWbFq1gRwntgFqYACTc/8coIYpxHhCjMkZc+2EuVmSCiKGcnLTipJgvAQ9UlPU44iIt1s8kcOj7QSwDAWuriCE/X3RIYiKUeRrzsjpAZy1huL/3m9VIXnbkZ5kirC8XRRmDKoYjgOBQZUEKzYSBOEBdW3QjxAAmGloyvrEOzZl+dJu16zT2r129NK47KIowT2wSGoAhucgQa4Bk3QAhg8gmfwCt6MJ+PFeDc+pq0LRjGzB/7A+PwBcA2YXw==</latexit>

for	revival	as
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(μ=0.05,	T=0.02)	is	in	low	temperature	phase	(revival)	for																							,J̃ 2 = 1, 0.9
<latexit sha1_base64="uEnMOFVItypep3/+s7mzay514DY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgQkJSBXUhFN2Iqwr2AU0sk8mkHTqZhJmJUEJw46+4caGIW7/CnX/jtM1CWw9cOJxzL/fe4yeMSmXb38bc/MLi0nJppby6tr6xaW5tN2WcCkwaOGaxaPtIEkY5aSiqGGkngqDIZ6TlD65GfuuBCEljfqeGCfEi1OM0pBgpLXXN3cxVlAUEZi5GDN7k+X31wjmyrfOuWbEteww4S5yCVECBetf8coMYpxHhCjMkZcexE+VlSCiKGcnLbipJgvAA9UhHU44iIr1s/EIOD7QSwDAWuriCY/X3RIYiKYeRrzsjpPpy2huJ/3mdVIVnXkZ5kirC8WRRmDKoYjjKAwZUEKzYUBOEBdW3QtxHAmGlUyvrEJzpl2dJs2o5x1b19qRSuyziKIE9sA8OgQNOQQ1cgzpoAAwewTN4BW/Gk/FivBsfk9Y5o5jZAX9gfP4AArWV3g==</latexit>

J̃ 2  0.8
<latexit sha1_base64="pDezFbJypmQEo3Yf0WEZJ9n3XlA=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4CkkV7LLoRlxVsA9oYplMbtqhkwczE6GEght/xY0LRdz6E+78G6dtFtp64MLhnHu59x4/5Uwq2/42lpZXVtfWSxvlza3tnV1zb78lk0xQaNKEJ6LjEwmcxdBUTHHopAJI5HNo+8Orid9+ACFZEt+pUQpeRPoxCxklSks98zB3FeMB4NylhOOb8fi+6nLAtlXrmRXbsqfAi8QpSAUVaPTMLzdIaBZBrCgnUnYdO1VeToRilMO47GYSUkKHpA9dTWMSgfTy6Q9jfKKVAIeJ0BUrPFV/T+QkknIU+bozImog572J+J/XzVRY83IWp5mCmM4WhRnHKsGTQHDABFDFR5oQKpi+FdMBEYQqHVtZh+DMv7xIWlXLObOqt+eV+mURRwkdoWN0ihx0geroGjVQE1H0iJ7RK3oznowX4934mLUuGcXMAfoD4/MHQIKWmg==</latexit>

but	in	high	temperature	phase	(no	revival)	for

ex.

µc
<latexit sha1_base64="4f/A59CYTKrufXWub46C97ZaVis=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWMENwkkS5idzCZDZmaXeQhhyTd48aCIVz/Im3/jJNmDJhY0FFXddHfFGWfa+P63t7a+sbm1Xdop7+7tHxxWjo5bOrWK0JCkPFWdGGvKmaShYYbTTqYoFjGn7Xh8N/PbT1RplspHM8loJPBQsoQRbJwU9oTtk36l6tf8OdAqCQpShQLNfuWrN0iJFVQawrHW3cDPTJRjZRjhdFruWU0zTMZ4SLuOSiyojvL5sVN07pQBSlLlSho0V39P5FhoPRGx6xTYjPSyNxP/87rWJDdRzmRmDZVksSixHJkUzT5HA6YoMXziCCaKuVsRGWGFiXH5lF0IwfLLq6RVrwWXtfrDVbVxW8RRglM4gwsI4BoacA9NCIEAg2d4hTdPei/eu/exaF3zipkT+APv8wfRcI6w</latexit>

phase	transiSon	happens	in	smaller	regime

(also	for																																		in	previous	slide)J̃ 2 = 0.6 ! 0.4
<latexit sha1_base64="QIGV4RjwgwoDCsrO1wPb/dpjGQU=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYLbsxqI0QtBGrCOYB2TXMTibJkNkHM3eVsOwf2PgrNhaK2Nra+TdOki008cCFwzn3cu89XiS4Asv6NnILi0vLK/nVwtr6xuZWcXunocJYUlanoQhlyyOKCR6wOnAQrBVJRnxPsKY3vBz7zXsmFQ+DWxhFzPVJP+A9TgloqVM8TBzgostw4lAi8HWa3pXPLfPEkbw/ACJl+IAts9IplizTmgDPEzsjJZSh1il+Od2Qxj4LgAqiVNu2InATIoFTwdKCEysWETokfdbWNCA+U24y+SfFB1rp4l4odQWAJ+rviYT4So18T3f6BAZq1huL/3ntGHpnbsKDKAYW0OmiXiwwhHgcDu5yySiIkSaESq5vxXRAJKGgIyzoEOzZl+dJo2zax2b5plKqXmRx5NEe2kdHyEanqIquUA3VEUWP6Bm9ojfjyXgx3o2PaWvOyGZ20R8Ynz/9kptX</latexit>

(i.e.	phase	transiSon	completely	disappears)

Tc(µc)
<latexit sha1_base64="FbmOYa6fZMAMPfcDGz4NvwW++KQ=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGICSARNptu6UJD2920XROy4V948aAxXv033vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+POjpOFaFtEvNYdUOsKWeStg0znHYTRbEIOX0Ix7cz/+GJKs1i2TKThPoCDyWLGMHGSo+tgFT7Ig3IeVCuuDV3DrRKvJxUIEczKH/1BzFJBZWGcKx1z3MT42dYGUY4nZb6qaYJJmM8pD1LJRZU+9n84ik6s8oARbGyJQ2aq78nMiy0nojQdgpsRnrZm4n/eb3URNd+xmSSGirJYlGUcmRiNHsfDZiixPCJJZgoZm9FZIQVJsaGVLIheMsvr5JOveZd1Or3l5XGTR5HEU7gFKrgwRU04A6a0AYCEp7hFd4c7bw4787HorXg5DPH8AfO5w+1+pBJ</latexit>
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Cri=cal	value	of																			correla=on

No	phase	transiSon	for																													!
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We	can	also	see	this	(semi-)analyScally	in	large	q	limit	of	SYK			.q
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J̃ 2
c

<latexit sha1_base64="ZpYHSDm0NjUZQUGhdwChWOh9D00=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRV0GXRjbiqYB/QxDCZTNqhkwczN0IJAX/FjQtF3Pod7vwbp20W2nrgwuGce7n3Hj8VXIFlfRtLyyura+uVjerm1vbOrrm331FJJilr00QksucTxQSPWRs4CNZLJSORL1jXH11P/O4jk4on8T2MU+ZGZBDzkFMCWvLMw9wBLgKGc4cSgW+L4qHhUc+sWXVrCrxI7JLUUImWZ345QUKziMVABVGqb1spuDmRwKlgRdXJFEsJHZEB62sak4gpN5+eX+ATrQQ4TKSuGPBU/T2Rk0ipceTrzojAUM17E/E/r59BeOnmPE4zYDGdLQozgSHBkyxwwCWjIMaaECq5vhXTIZGEgk6sqkOw519eJJ1G3T6rN+7Oa82rMo4KOkLH6BTZ6AI10Q1qoTaiKEfP6BW9GU/Gi/FufMxal4xy5gD9gfH5A6brlUc=</latexit>

J̃ 2 < J̃ 2
c ⇡ 0.25

<latexit sha1_base64="/olW3jictxy9ZzLY+fVO6B8OhUw=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwFZJo0YWLohtxVcE+oIlhMpm0QycPZiZiCfkSN/6KGxeKCK70b5w+Ftr2wIXDOfdy7z1+yqiQpvmjlZaWV1bXyuuVjc2t7R19d68lkoxj0sQJS3jHR4IwGpOmpJKRTsoJinxG2v7gauS3HwgXNInv5DAlboR6MQ0pRlJJnl7LHUlZQGDuYMTgTVHc2xcLNA87KE158ghNw655etU0zDHgPLGmpAqmaHj6lxMkOItILDFDQnQtM5VujrikmJGi4mSCpAgPUI90FY1RRISbj98r4JFSAhgmXFUs4Vj9O5GjSIhh5KvOCMm+mPVG4iKvm8nw3M1pnGaSxHiyKMwYlAkcZQUDygmWbKgIwpyqWyHuI46wVIlWVAjW7MvzpGUb1olh355W65fTOMrgAByCY2CBM1AH16ABmgCDJ/AC3sC79qy9ah/a56S1pE1n9sE/aN+/1QGhog==</latexit>

37/44JL
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<latexit sha1_base64="funAdYO/Xpn4QTgWEVoA6lLfuM8=">AAACBXicbVDLSsNAFJ34rPUVdamLYBHcWJIq6LLoRoqLKvYBbRom00k7dvJg5kYsIRs3/oobF4q49R/c+TdO2yy09cCFwzn3cu89bsSZBNP81ubmFxaXlnMr+dW19Y1NfWu7LsNYEFojIQ9F08WSchbQGjDgtBkJin2X04Y7uBj5jXsqJAuDWxhG1PZxL2AeIxiU5Oh7lc6Vk7C7AU/bQB8gOUornZtMcfSCWTTHMGaJlZECylB19K92NySxTwMgHEvZsswI7AQLYITTNN+OJY0wGeAebSkaYJ9KOxl/kRoHSukaXihUBWCM1d8TCfalHPqu6vQx9OW0NxL/81oxeGd2woIoBhqQySIv5gaExigSo8sEJcCHimAimLrVIH0sMAEVXF6FYE2/PEvqpaJ1XCxdnxTK51kcObSL9tEhstApKqNLVEU1RNAjekav6E170l60d+1j0jqnZTM76A+0zx8lVZj9</latexit>



Analy=c	evidence	in	large	q	SYK

Divergent	slope	at																																						suggests	two	phases	are	smoothly	connected	
			by	an	unstable	phase
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<latexit sha1_base64="UZUr1icQKL1jbTDtfb3kNoQx6Ps=">AAACFnicbVDLTgIxFO3gC/E16tJNIzFxgWQGTXRJcMMSE14JENIpBRo6nUl7RyUTvsKNv+LGhca4Ne78GwvMAsGT3OT0nHvTe48XCq7BcX6s1Nr6xuZWejuzs7u3f2AfHtV1ECnKajQQgWp6RDPBJasBB8GaoWLE9wRreKPbqd+4Z0rzQFZhHLKOTwaS9zklYKSufVFtKz4YAlEqeMDVbkxzbWCPEBdK5ckktyA0zLtrZ528MwNeJW5CsihBpWt/t3sBjXwmgQqidct1QujERAGngk0y7UizkNARGbCWoZL4THfi2VkTfGaUHu4HypQEPFMXJ2Liaz32PdPpExjqZW8q/ue1IujfdGIuwwiYpPOP+pHAEOBpRrjHFaMgxoYQqrjZFdMhUYSCSTJjQnCXT14l9ULevcwX7q6yxVISRxqdoFN0jlx0jYqojCqohih6Qi/oDb1bz9ar9WF9zltTVjJzjP7A+voFtgmftw==</latexit>

(c.f.	smooth	in	microcanonical	ensemble)
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Analy=c	evidence	in	large	q	SYK

Divergent	slope	at																																						suggests	two	phases	are	smoothly	connected	
			by	an	unstable	phase

Phase	transiSon

We	can	obtain									analyScally	for	q-body	generalizaSon	of	SYK	with	q	>>	1
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<latexit sha1_base64="UZUr1icQKL1jbTDtfb3kNoQx6Ps=">AAACFnicbVDLTgIxFO3gC/E16tJNIzFxgWQGTXRJcMMSE14JENIpBRo6nUl7RyUTvsKNv+LGhca4Ne78GwvMAsGT3OT0nHvTe48XCq7BcX6s1Nr6xuZWejuzs7u3f2AfHtV1ECnKajQQgWp6RDPBJasBB8GaoWLE9wRreKPbqd+4Z0rzQFZhHLKOTwaS9zklYKSufVFtKz4YAlEqeMDVbkxzbWCPEBdK5ckktyA0zLtrZ528MwNeJW5CsihBpWt/t3sBjXwmgQqidct1QujERAGngk0y7UizkNARGbCWoZL4THfi2VkTfGaUHu4HypQEPFMXJ2Liaz32PdPpExjqZW8q/ue1IujfdGIuwwiYpPOP+pHAEOBpRrjHFaMgxoYQqrjZFdMhUYSCSTJjQnCXT14l9ULevcwX7q6yxVISRxqdoFN0jlx0jYqojCqohih6Qi/oDb1bz9ar9WF9zltTVjJzjP7A+voFtgmftw==</latexit>

T (S)
<latexit sha1_base64="UIJOFBDoT5Rlk23ggZBKinfRVfM=">AAAB63icbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGIEYQENqRbutDQdjdt14Rs+AtePGiMV/+QN/+NXdiDgi+Z5OW9mczMC2LOtHHdb6ewtr6xuVXcLu3s7u0flA+PHnWUKELbJOKR6gZYU84kbRtmOO3GimIRcNoJJreZ33miSrNItsw0pr7AI8lCRrDJpFb14XxQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xITXfspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1fJY73mXdTq95eVxk0eRxFO4BSq4MEVNOAOmtAGAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/GfaNng==</latexit>

non-monotonicity	of

µc
<latexit sha1_base64="4f/A59CYTKrufXWub46C97ZaVis=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWMENwkkS5idzCZDZmaXeQhhyTd48aCIVz/Im3/jJNmDJhY0FFXddHfFGWfa+P63t7a+sbm1Xdop7+7tHxxWjo5bOrWK0JCkPFWdGGvKmaShYYbTTqYoFjGn7Xh8N/PbT1RplspHM8loJPBQsoQRbJwU9oTtk36l6tf8OdAqCQpShQLNfuWrN0iJFVQawrHW3cDPTJRjZRjhdFruWU0zTMZ4SLuOSiyojvL5sVN07pQBSlLlSho0V39P5FhoPRGx6xTYjPSyNxP/87rWJDdRzmRmDZVksSixHJkUzT5HA6YoMXziCCaKuVsRGWGFiXH5lF0IwfLLq6RVrwWXtfrDVbVxW8RRglM4gwsI4BoacA9NCIEAg2d4hTdPei/eu/exaF3zipkT+APv8wfRcI6w</latexit>

min
S

dT (µc, S)

dS
= 0

<latexit sha1_base64="+QBX43Zjv7FsU9JdTGARZekt2Rs=">AAACFnicbVDLSsQwFE19juOr6tJNcRBG0KFVQTfCoBuXI/MSpkNJ01SDSVqSW3Eo/Qo3/oobF4q4FXf+jZnHwteBwOGce7k5J0w50+C6n9bU9Mzs3Hxpoby4tLyyaq+td3SSKULbJOGJugyxppxJ2gYGnF6mimIRctoNb86GfveWKs0S2YJBSvsCX0kWM4LBSIG95wsM10ma+0DvIBdMFkXQ9GOFSR61qr7IArLb3CnyqFmcuIFdcWvuCM5f4k1IBU3QCOwPP0pIJqgEwrHWPc9NoZ9jBYxwWpT9TNMUkxt8RXuGSiyo7uejWIWzbZTIiRNlngRnpH7fyLHQeiBCMzkMoX97Q/E/r5dBfNzPmUwzoJKMD8UZdyBxhh05EVOUAB8Ygoli5q8OucamEjBNlk0J3u/If0lnv+Yd1PYvDiv100kdJbSJtlAVeegI1dE5aqA2IugePaJn9GI9WE/Wq/U2Hp2yJjsb6Aes9y8pC5/x</latexit>

µc
<latexit sha1_base64="4f/A59CYTKrufXWub46C97ZaVis=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWMENwkkS5idzCZDZmaXeQhhyTd48aCIVz/Im3/jJNmDJhY0FFXddHfFGWfa+P63t7a+sbm1Xdop7+7tHxxWjo5bOrWK0JCkPFWdGGvKmaShYYbTTqYoFjGn7Xh8N/PbT1RplspHM8loJPBQsoQRbJwU9oTtk36l6tf8OdAqCQpShQLNfuWrN0iJFVQawrHW3cDPTJRjZRjhdFruWU0zTMZ4SLuOSiyojvL5sVN07pQBSlLlSho0V39P5FhoPRGx6xTYjPSyNxP/87rWJDdRzmRmDZVksSixHJkUzT5HA6YoMXziCCaKuVsRGWGFiXH5lF0IwfLLq6RVrwWXtfrDVbVxW8RRglM4gwsI4BoacA9NCIEAg2d4hTdPei/eu/exaF3zipkT+APv8wfRcI6w</latexit>

(c.f.	smooth	in	microcanonical	ensemble)
[Maldacena,Qi,'18][Maldacena,Milekhin,'19]
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Cri=cal										for	2-coupled	large	q	SYK

J̃ 2
c

<latexit sha1_base64="HxceSqRg34MVdUPzUf1KrhYyqmk=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRV0GXRjbiqYB/QxDCZTNqhkwczN0IJAX/FjQtF3Pod7vwbp20W2nrgwuGce7n3Hj8VXIFlfRtLyyura+uVjerm1vbOrrm331FJJilr00QksucTxQSPWRs4CNZLJSORL1jXH11P/O4jk4on8T2MU+ZGZBDzkFMCWvLMw9wBLgKGc4cSgW+LwqMPDc+sWXVrCrxI7JLUUImWZ345QUKziMVABVGqb1spuDmRwKlgRdXJFEsJHZEB62sak4gpN5+eX+ATrQQ4TKSuGPBU/T2Rk0ipceTrzojAUM17E/E/r59BeOnmPE4zYDGdLQozgSHBkyxwwCWjIMaaECq5vhXTIZGEgk6sqkOw519eJJ1G3T6rN+7Oa82rMo4KOkLH6BTZ6AI10Q1qoTaiKEfP6BW9GU/Gi/FufMxal4xy5gD9gfH5A6dPlUc=</latexit>

qµc, q = 96
<latexit sha1_base64="veYahams5wItKTm5gQpf3Rs4r1I=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkpSxcdCKLpxWcE+oAlhMpm0Q2eSdGailNhPceNCEbd+iTv/xmmbhbYeuHA4517uvcdPGJXKsr6NwtLyyupacb20sbm1vWOWd1syTgUmTRyzWHR8JAmjEWkqqhjpJIIg7jPS9gc3E7/9QISkcXSvRglxOepFNKQYKS15Znno8NTDx84wRQEcXl2eeWbFqlpTwEVi56QCcjQ888sJYpxyEinMkJRd20qUmyGhKGZkXHJSSRKEB6hHuppGiBPpZtPTx/BQKwEMY6ErUnCq/p7IEJdyxH3dyZHqy3lvIv7ndVMVXrgZjZJUkQjPFoUpgyqGkxxgQAXBio00QVhQfSvEfSQQVjqtkg7Bnn95kbRqVfukWrs7rdSv8ziKYB8cgCNgg3NQB7egAZoAg0fwDF7Bm/FkvBjvxsestWDkM3vgD4zPHxYBkzo=</latexit>

at ,	but																							for	wide	range	of	qq ! 1
<latexit sha1_base64="5J8yfee4yhrMlAT7XcAgpMo+U+Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIq6LHoxWMF+wFNKJvtpl262cTdiRpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXJIJrcJxva2V1bX1js7RV3t7Z3du3DyptHaeKshaNRay6AdFMcMlawEGwbqIYiQLBOsH4eup3HpjSPJZ3kCXMj8hQ8pBTAkbq25V7T/HhCIhS8aPHZQhZ3646NWcGvEzcglRRgWbf/vIGMU0jJoEKonXPdRLwc6KAU8EmZS/VLCF0TIasZ6gkEdN+Prt9gk+MMsBhrExJwDP190ROIq2zKDCdEYGRXvSm4n9eL4Xw0s+5TFJgks4XhanAEONpEHjAFaMgMkMIVdzciumIKELBxFU2IbiLLy+Tdr3mntXqt+fVxlURRwkdoWN0ilx0gRroBjVRC1H0hJ7RK3qzJtaL9W59zFtXrGLmEP2B9fkD5xyU/w==</latexit>

J̃ 2
c ⇠ 1

2 log q
! 0

<latexit sha1_base64="8D2uaSs8DvR397ubBNkzbnluk2Y="></latexit>

J̃ 2
c & 0.2

<latexit sha1_base64="PUUsGWj7ELN8/nMSxYag9bNUzAo=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMUVKQYKxgQUxFog+pCZHjOK1V5yH7BqmKurLwKywMIMTKH7DxN7htBmg5kuWjc+6RfU+QCa7Atr+NpeWV1bX1ykZ1c2t7Z9fc22+rNJeUtWgqUtkNiGKCJ6wFHATrZpKROBCsEwyvJn7ngUnF0+QORhnzYtJPeMQpAS35Ji5c4CJk+qZE4Jvx2Kf3dbcPOhJj26r7Zs227CnwInFKUkMlmr755YYpzWOWABVEqZ5jZ+AVRAKngo2rbq5YRuiQ9FlP04TETHnFdJMxPtZKiKNU6pMAnqq/EwWJlRrFgZ6MCQzUvDcR//N6OUQXXsGTLAeW0NlDUS4wpHhSCw65ZBTESBNCJdd/xXRAJKGgy6vqEpz5lRdJu245p1b99qzWuCzrqKBDdIROkIPOUQNdoyZqIYoe0TN6RW/Gk/FivBsfs9Elo8wcoD8wPn8ALW6ZVw==</latexit>

J̃ 2
c

<latexit sha1_base64="HxceSqRg34MVdUPzUf1KrhYyqmk=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRV0GXRjbiqYB/QxDCZTNqhkwczN0IJAX/FjQtF3Pod7vwbp20W2nrgwuGce7n3Hj8VXIFlfRtLyyura+uVjerm1vbOrrm331FJJilr00QksucTxQSPWRs4CNZLJSORL1jXH11P/O4jk4on8T2MU+ZGZBDzkFMCWvLMw9wBLgKGc4cSgW+LwqMPDc+sWXVrCrxI7JLUUImWZ345QUKziMVABVGqb1spuDmRwKlgRdXJFEsJHZEB62sak4gpN5+eX+ATrQQ4TKSuGPBU/T2Rk0ipceTrzojAUM17E/E/r59BeOnmPE4zYDGdLQozgSHBkyxwwCWjIMaaECq5vhXTIZGEgk6sqkOw519eJJ1G3T6rN+7Oa82rMo4KOkLH6BTZ6AI10Q1qoTaiKEfP6BW9GU/Gi/FufMxal4xy5gD9gfH5A6dPlUc=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>J̃ 2

<latexit sha1_base64="er3uIYcCWDpkdDJNBWP52+3V92w=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6EVcV7AOaWCaTm3bo5MHMRAgh/oobF4q49UPc+TdO2yy09cCFwzn3cu89XsKZVJb1baysrq1vbFa2qts7u3v75sFhV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMm11O/9whCsji6V1kCbkhGEQsYJUpLQ7OWO4pxH3DuUMLxbVE8NIdm3WpYM+BlYpekjkq0h+aX48c0DSFSlBMpB7aVKDcnQjHKoag6qYSE0AkZwUDTiIQg3Xx2fIFPtOLjIBa6IoVn6u+JnIRSZqGnO0OixnLRm4r/eYNUBZduzqIkVRDR+aIg5VjFeJoE9pkAqnimCaGC6VsxHRNBqNJ5VXUI9uLLy6TbbNhnjebdeb11VcZRQUfoGJ0iG12gFrpBbdRBFGXoGb2iN+PJeDHejY9564pRztTQHxifPygdlHE=</latexit>J̃ 2
c ⇡ 0.25

<latexit sha1_base64="9Efkvrl2T6ghxTp7OgzqBH7eo9Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwFZKo6LLoRlxVsA9oYphMJu3QyYOZiVhC1m78FTcuFHHrF7jzb5y2WWjrgQuHc+7l3nv8lFEhTfNbqywsLi2vVFdra+sbm1v69k5bJBnHpIUTlvCujwRhNCYtSSUj3ZQTFPmMdPzh5djv3BMuaBLfylFK3Aj1YxpSjKSSPH0/dyRlAYG5gxGD10Xh4TvbQWnKkwdoGvapp9dNw5wAzhOrJHVQounpX06Q4CwiscQMCdGzzFS6OeKSYkaKmpMJkiI8RH3SUzRGERFuPnmlgIdKCWCYcFWxhBP190SOIiFGka86IyQHYtYbi/95vUyG525O4zSTJMbTRWHGoEzgOBcYUE6wZCNFEOZU3QrxAHGEpUqvpkKwZl+eJ23bsI4N++ak3rgo46iCPXAAjoAFzkADXIEmaAEMHsEzeAVv2pP2or1rH9PWilbO7II/0D5/ALRfmZo=</latexit>

H =
X

i1<···<iq

J
L
i1···iq 

L
i1 · · · 

L
iq +

X

i1<···<iq

J
R
i1···iq 

R
i1 · · · 

R
iq + iµ

X

i

 
L
i  

R
i

<latexit sha1_base64="b6AW0EnPUqUcjPgpaBbg78XUjts="></latexit>

h(JL
i1···iq )

2i = 2q�1(q � 1)!

qNq�1
<latexit sha1_base64="2T0WTH2/gWt/ZGO5hY2U3m5vhig="></latexit>

hJL
i1···iqJ

R
i1···iq i = J̃ 2h(JL

i1···iq )
2i

<latexit sha1_base64="6lyqpNCMkB0wBbZ3sYqlUpIMB3o="></latexit>

QualitaSvely	similar	to	finite	q	model	in																with																	, � ⇠ q log q
<latexit sha1_base64="R3BMXDngeTKyGW5ciOjSRH6BGkc=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRV0GXRjcsK9gFNKJPppB06j3RmopTYT3HjQhG3fok7/8Zpm4W2HrhwOOde7r0nShjVxvO+ncLa+sbmVnG7tLO7t3/glg9bWqYKkyaWTKpOhDRhVJCmoYaRTqII4hEj7Wh0M/PbD0RpKsW9mSQk5GggaEwxMlbqueUgIgYFmnI4DpgcwHHPrXhVbw64SvycVECORs/9CvoSp5wIgxnSuut7iQkzpAzFjExLQapJgvAIDUjXUoE40WE2P30KT63Sh7FUtoSBc/X3RIa41hMe2U6OzFAvezPxP6+bmvgqzKhIUkMEXiyKUwaNhLMcYJ8qgg2bWIKwovZWiIdIIWxsWiUbgr/88ipp1ar+ebV2d1GpX+dxFMExOAFnwAeXoA5uQQM0AQaP4Bm8gjfnyXlx3p2PRWvByWeOwB84nz/SrpO2</latexit>

µ ⇠ q�1
<latexit sha1_base64="4EF2h3C7z84QLCu91Kd2A1YI/I0=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CnosevFYwX5Auy3ZNNuGJtk1ySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB6GbqNx+p0iyS92YcU1/ggWQhI9hYqdsRSUczgR666Zk36RVLbtmdAS0TLyMlyFDrFb86/YgkgkpDONa67bmx8VOsDCOcTgqdRNMYkxEe0LalEguq/XR29QSdWKWPwkjZkgbN1N8TKRZaj0VgOwU2Q73oTcX/vHZiwis/ZTJODJVkvihMODIRmkaA+kxRYvjYEkwUs7ciMsQKE2ODKtgQvMWXl0mjUvbOy5W7i1L1OosjD0dwDKfgwSVU4RZqUAcCCp7hFd6cJ+fFeXc+5q05J5s5hD9wPn8ABiuSMg==</latexit>

q ! 1
<latexit sha1_base64="5J8yfee4yhrMlAT7XcAgpMo+U+Y=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIq6LHoxWMF+wFNKJvtpl262cTdiRpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXJIJrcJxva2V1bX1js7RV3t7Z3du3DyptHaeKshaNRay6AdFMcMlawEGwbqIYiQLBOsH4eup3HpjSPJZ3kCXMj8hQ8pBTAkbq25V7T/HhCIhS8aPHZQhZ3646NWcGvEzcglRRgWbf/vIGMU0jJoEKonXPdRLwc6KAU8EmZS/VLCF0TIasZ6gkEdN+Prt9gk+MMsBhrExJwDP190ROIq2zKDCdEYGRXvSm4n9eL4Xw0s+5TFJgks4XhanAEONpEHjAFaMgMkMIVdzciumIKELBxFU2IbiLLy+Tdr3mntXqt+fVxlURRwkdoWN0ilx0gRroBjVRC1H0hJ7RK3qzJtaL9W59zFtXrGLmEP2B9fkD5xyU/w==</latexit>
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Contents

3.	Imperfectly	correlated	disorder

4.	Future	problems

1.	SYK	model	in	large	N	limitX
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>

X
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>

X
<latexit sha1_base64="S6fKC3fzNdJJNrDYhYZ51mL9fRU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bJZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC20F0O/PbT6g0T+SDGafox3QoecgZNVZ67LERsiimKuqXK27VnYOsEi8nFcjR6Je/eoOEZTFKwwTVuuu5qf EnVBnOBE5LvUxjSllEh9i1VNIYtT+ZXzwlZ1YZkDBRtqQhc/X3xITGWo/jwHbG1Iz0sjcT//O6mQmv/QmXaWZQssWiMBPEJGT2PhlwhcyIsSWUKW5vJWxEFWXGhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fp5CQ5w==</latexit>

[TN,Numasawa,'19][TN,Numasawa,'22]

[reviews]

2.	Regenesis	(revival)	in	two	coupled	SYK [TN,Numasawa,'20]	+	[reviews]



Summary

2-coupled	SYK	model	is	useful	to	study	regenesis	/	revival.

At	low	temperature	phase,	two	point	fcns GLL(t), GLR(t)
<latexit sha1_base64="0RQ+Ko2HShD6jgcXz7t88ENUo4U=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiVJCSVEGXRRe66KKKvUAbwmQ6aYdOJmFmIoRQX8WNC0Xc+iDufBsnbRba+sPAx3/O4Zz5vYhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR4axwKSNQxaKnockYZSTtqKKkV4kCAo8Rrre5Dqrdx+JkDTkDyqJiBOgEac+xUhpyzXLN27abE6r6uQ0o/uMXLNi1ayZ4DLYOVRArpZrfg2GIY4DwhVmSMq+bUXKSZFQFDMyLQ1iSSKEJ2hE+ho5Coh00tnxU3isnSH0Q6EfV3Dm/p5IUSBlEni6M0BqLBdrmflfrR8r/9JJKY9iRTieL/JjBlUIsyTgkAqCFUs0ICyovhXiMRIIK51XSYdgL355GTr1mn1Wq9+dVxpXeRxFcAiOQBXY4AI0wC1ogTbAIAHP4BW8GU/Gi/FufMxbC0Y+UwZ/ZHz+ANEMk5U=</latexit>

oscillate	out-of-phase

L R L R

interpreted	as	revival
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Low	temperature	phase	is	described	well	by	quasiparScles

Large	correlaSon	of	SYK	disorders																																		is	crucial	for	revival.J̃ 2
c = hJL

ijklJ
R
ijkli

<latexit sha1_base64="rEmgLvIESFixd9XUUG6gKG6ch4c=">AAACInicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBXUhFN1IcVHFqtDUMJne1rGTSZiZCCXkWdz4Km5cKOpK8GGcxiDaemHg45x7uXOPH3GmtG1/WBOTU9Mzs4W54vzC4tJyaWX1QoWxpNCkIQ/llU8UcCagqZnmcBVJIIHP4dLvHw39yzuQioXiXA8iaAekJ1iXUaKN5JX2E1cz3gGcuJRwXE9Tj15XD1xORI8DrnsJu+3z9Prkh85cmXleqWxX7KzwODg5lFFeDa/05nZCGgcgNOVEqZZjR7qdEKkZ5ZAW3VhBRGif9KBlUJAAVDvJTkzxplE6uBtK84TGmfp7IiGBUoPAN50B0Tdq1BuK/3mtWHf32gkTUaxB0O9F3ZhjHeJhXrjDJFDNBwYIlcz8FdMbIgnVJtWiCcEZPXkcLqoVZ7tSPd0p1w7zOApoHW2gLeSgXVRDx6iBmoiie/SIntGL9WA9Wa/W+3frhJXPrKE/ZX1+AQ7HpKA=</latexit>

consistent	with	requirement	for	regenesis.

Phase	transiSon	disappears	at	finite	
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1st	+	2nd	excitaSons

1st	quasiparScle	excitaSon �1,�L ⇠ e�
�Egap

2
<latexit sha1_base64="YezpD7ChMY0wsGBkb1Am/oSAakI="></latexit>

revival

"no	revival"	for J̃ 2 < J̃ 2
c

<latexit sha1_base64="3kWTR4BqGyE/WjdKcs/eUWS1Hfg=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUmqoAsXRTfiqoJ9QJOGyWTSDp1MwsxEKCHf4MZfceNCEbeu3Pk3TtsstPXAhcM593LvPX7CqFSW9W2UlpZXVtfK65WNza3tHXN3ry3jVGDSwjGLRddHkjDKSUtRxUg3EQRFPiMdf3Q98TsPREga83s1TogboQGnIcVIackzTzJHURYQmDkYMXib5/365YLm4X7dM6tWzZoCLhK7IFVQoOmZX04Q4zQiXGGGpOzZVqLcDAlFMSN5xUklSRAeoQHpacpRRKSbTV/K4ZFWAhjGQhdXcKr+nshQJOU48nVnhNRQznsT8T+vl6rwws0oT1JFOJ4tClMGVQwn+cCACoIVG2uCsKD6VoiHSCCsdIoVHYI9//Iiaddr9mmtfndWbVwVcZTBATgEx8AG56ABbkATtAAGj+AZvII348l4Md6Nj1lryShm9sEfGJ8/b3WdTw==</latexit>

J̃ 2
c (⇡ 0.25)

<latexit sha1_base64="m0rvWZMYBFbHoetCIFArdhvTovI="></latexit>



Another	criterion	for	"no	revival"?

As								decreases,	oscillaSon	becomes	not	only	suppressed	but	also	more	"in-phase".
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0.5 J̃ 2 = 0, T = 0.006
<latexit sha1_base64="10EngIbXNOGr0ugdsbFIYMMFIZ4=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBRSlJFXVTKLoRVxX6giaWyWTSDp08mJkIJWTpxl9x40IRt36CO//GSZuFth643MM59zJzjxMxKqRhfGuFpeWV1bXiemljc2t7R9/d64gw5pi0cchC3nOQIIwGpC2pZKQXcYJ8h5GuM77O/O4D4YKGQUtOImL7aBhQj2IklTTQDxNLUuYSmFgYMXibpve1ulGxKq26UTWM84FeznoGuEjMnJRBjuZA/7LcEMc+CSRmSIi+aUTSThCXFDOSlqxYkAjhMRqSvqIB8omwk+khKTxWigu9kKsKJJyqvzcS5Asx8R016SM5EvNeJv7n9WPpXdoJDaJYkgDPHvJiBmUIs1SgSznBkk0UQZhT9VeIR4gjLFV2JRWCOX/yIunUquZptXZ3Vm5c5XEUwQE4AifABBegAW5AE7QBBo/gGbyCN+1Je9HetY/ZaEHLd/bBH2ifP025l48=</latexit>

J̃ 2 = 0.4, T = 0.024
<latexit sha1_base64="f5mdhUbSiMFDGcH+vTpJLkDP8i0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwUUoSC7oRim7EVYU+hCaWyWTSDp1MwsxEKCFrN/6KGxeKuPUL3Pk3Th8LbT0w3MM593LnHj9hVCrL+jYKS8srq2vF9dLG5tb2jrm715ZxKjBp4ZjF4s5HkjDKSUtRxchdIgiKfEY6/vBq7HceiJA05k01SogXoT6nIcVIaalnHmauoiwgMHMxYvAmz++dC6taq7iVpq6WU+uZZV0ngIvEnpEymKHRM7/cIMZpRLjCDEnZta1EeRkSimJG8pKbSpIgPER90tWUo4hIL5ucksNjrQQwjIV+XMGJ+nsiQ5GUo8jXnRFSAznvjcX/vG6qwnMvozxJFeF4uihMGVQxHOcCAyoIVmykCcKC6r9CPEACYaXTK+kQ7PmTF0nbqdqnVee2Vq5fzuIoggNwBE6ADc5AHVyDBmgBDB7BM3gFb8aT8WK8Gx/T1oIxm9kHf2B8/gA/tpgF</latexit>

J̃ 2 = 0.6, T = 0.028
<latexit sha1_base64="jgz3M5L8iXnUbeVgsUfhvNkL1ZU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwUUoSRbsRim7EVYW+oIllMpm0QycPZiZCCVm78VfcuFDErV/gzr9x2mahrQeGezjnXu7c48aMCmkY31phaXllda24XtrY3Nre0Xf32iJKOCYtHLGId10kCKMhaUkqGenGnKDAZaTjjq4nfueBcEGjsCnHMXECNAipTzGSSurrh6ktKfMITG2MGLzNsnvr0qieV+xKU1XDqvX1sqpTwEVi5qQMcjT6+pftRTgJSCgxQ0L0TCOWToq4pJiRrGQngsQIj9CA9BQNUUCEk05PyeCxUjzoR1y9UMKp+nsiRYEQ48BVnQGSQzHvTcT/vF4i/ZqT0jBOJAnxbJGfMCgjOMkFepQTLNlYEYQ5VX+FeIg4wlKlV1IhmPMnL5K2VTVPq9bdWbl+lcdRBAfgCJwAE1yAOrgBDdACGDyCZ/AK3rQn7UV71z5mrQUtn9kHf6B9/gBI4pgL</latexit>

J̃ 2 = 0.8, T = 0.034
<latexit sha1_base64="gkHMlG6dtkj3KP2yrziuF+iotDk=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwUUrSFuxGKLoRVxX6EJpYJpNJO3QyCTMToYSs3fgrblwo4tYvcOffOH0stPXAcA/n3Mude7yYUaks69vIrayurW/kNwtb2zu7e+b+QUdGicCkjSMWiTsPScIoJ21FFSN3sSAo9BjpeqOrid99IELSiLfUOCZuiAacBhQjpaW+eZw6ijKfwNTBiMGbLLuvXFjleskptXS1qrW+WdR1CrhM7DkpgjmaffPL8SOchIQrzJCUPduKlZsioShmJCs4iSQxwiM0ID1NOQqJdNPpKRk81YoPg0joxxWcqr8nUhRKOQ493RkiNZSL3kT8z+slKqi7KeVxogjHs0VBwqCK4CQX6FNBsGJjTRAWVP8V4iESCCudXkGHYC+evEw6lbJdLVdua8XG5TyOPDgCJ+AM2OAcNMA1aII2wOARPINX8GY8GS/Gu/Exa80Z85lD8AfG5w9Hc5gK</latexit>

at		μ=0.15		(*different	T	's):|G>
ab(t)|

<latexit sha1_base64="69XBYaWcW535X2v7Gb5pbr9prmU=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9KiiZ4M0YMeMZGPBCrZLlvYsN3W3S0JKfwOLx40xqs/xpv/xgV6UPAlk7y8N5OZeV7EmdK2/W1lVlbX1jeym7mt7Z3dvfz+QV2FsSS0RkIeyqaHFeVM0JpmmtNmJCkOPE4b3uBm6jeGVCoWigc9iqgb4J5gPiNYG8kd33YS7E0er4r6dNzJF+ySPQNaJk5KCpCi2sl/tbshiQMqNOFYqZZjR9pNsNSMcDrJtWNFI0wGuEdbhgocUOUms6Mn6MQoXeSH0pTQaKb+nkhwoNQo8ExngHVfLXpT8T+vFWv/0k2YiGJNBZkv8mOOdIimCaAuk5RoPjIEE8nMrYj0scREm5xyJgRn8eVlUi+XnLNS+f68ULlO48jCERxDERy4gArcQRVqQOAJnuEV3qyh9WK9Wx/z1oyVzhzCH1ifPzUrkbo=</latexit>
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③:	A3,LL = A3,LR > 0
<latexit sha1_base64="2n3aY8i+2X7k220LQwb04ramm8A=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEF1KSVtCNUnXjoosq9gJtCJPppB06mYSZiRBCfBU3LhRx64O4822ctllo6w8DH/85h3Pm9yJGpbKsb2NpeWV1bb2wUdzc2t7ZNff22zKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxjeTeueRCElD/qCSiDgBGnLqU4yUtlyzdOWmtZNGI7uYwX12ablm2apYU8FFsHMog1xN1/zqD0IcB4QrzJCUPduKlJMioShmJCv2Y0kihMdoSHoaOQqIdNLp8Rk80s4A+qHQjys4dX9PpCiQMgk83RkgNZLztYn5X60XK//cSSmPYkU4ni3yYwZVCCdJwAEVBCuWaEBYUH0rxCMkEFY6r6IOwZ7/8iK0qxW7VqnenZbr13kcBXAADsExsMEZqINb0AQtgEECnsEreDOejBfj3fiYtS4Z+UwJ/JHx+QNGr5M8</latexit>

in-phase	/out-of-phase	transiSon??

J̃ 2
<latexit sha1_base64="er3uIYcCWDpkdDJNBWP52+3V92w=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6EVcV7AOaWCaTm3bo5MHMRAgh/oobF4q49UPc+TdO2yy09cCFwzn3cu89XsKZVJb1baysrq1vbFa2qts7u3v75sFhV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMm11O/9whCsji6V1kCbkhGEQsYJUpLQ7OWO4pxH3DuUMLxbVE8NIdm3WpYM+BlYpekjkq0h+aX48c0DSFSlBMpB7aVKDcnQjHKoag6qYSE0AkZwUDTiIQg3Xx2fIFPtOLjIBa6IoVn6u+JnIRSZqGnO0OixnLRm4r/eYNUBZduzqIkVRDR+aIg5VjFeJoE9pkAqnimCaGC6VsxHRNBqNJ5VXUI9uLLy6TbbNhnjebdeb11VcZRQUfoGJ0iG12gFrpBbdRBFGXoGb2iN+PJeDHejY9564pRztTQHxifPygdlHE=</latexit>

In	spectral	funcSon,	new	in-phase	peak	emerges

①+③	=	in-phase

●
●

●

●

●

●

●

●●●●●
●

●●●●
●

●

●

●

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.5

1.0

1.5

2.0

2.5

3.0

42/44



43/44Physical	interpreta=on	of																						?�L(J̃ 2 < 1)
<latexit sha1_base64="YShH/oZwtDn6bYjw378aPqvUMo8=">AAACCXicbVDLSsNAFJ34rPUVdelmsAh1U5Iq6MJF0Y2Iiwr2AU0Mk8mkHTqZhJmJUEK2bvwVNy4UcesfuPNvnLZZaOuBgcM553LnHj9hVCrL+jYWFpeWV1ZLa+X1jc2tbXNnty3jVGDSwjGLRddHkjDKSUtRxUg3EQRFPiMdf3g59jsPREga8zs1SogboT6nIcVIackzocN0OEDeTTVzFGUBgZmDEYPXeX5fP7ePPLNi1awJ4DyxC1IBBZqe+eUEMU4jwhVmSMqebSXKzZBQFDOSl51UkgThIeqTnqYcRUS62eSSHB5qJYBhLPTjCk7U3xMZiqQcRb5ORkgN5Kw3Fv/zeqkKz9yM8iRVhOPpojBlUMVwXAsMqCBYsZEmCAuq/wrxAAmElS6vrEuwZ0+eJ+16zT6u1W9PKo2Loo4S2AcHoApscAoa4Ao0QQtg8AiewSt4M56MF+Pd+JhGF4xiZg/8gfH5A8tRmRk=</latexit>

As							increase,	revival	increase	and								decrease

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●

●

●

●
●
●
●

●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●

●
●

●

●

●

●

●

●●●●●●●●
●●●●●●

●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●●●●

●●●
●●●

●

●●●●●
●●

●●
●

5 10 50 100
0.0

0.2

0.4

0.6

0.8

●

●

●

●

●

●

�L
<latexit sha1_base64="4TLaltlDkrrhZLvTCuAyCR9EC0A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6Lbly4qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/M/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2GeHA3KFfcqjsHWiVeTiqQozkof/XDmKSCSkM41rrnuYnxM6wMI5xOS/1U0wSTMR7SnqUSC6r9bL7wFJ1ZJURRrOyTBs3V3xMZFlpPRGCTApuRXvZm4n9eLzXRlZ8xmaSGSrL4KEo5MjGaXY9CpigxfGIJJorZXREZYYWJsR2VbAne8smrpF2rehfV2n290rjO6yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AZEJkEA=</latexit>

J̃ 2
<latexit sha1_base64="er3uIYcCWDpkdDJNBWP52+3V92w=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6EVcV7AOaWCaTm3bo5MHMRAgh/oobF4q49UPc+TdO2yy09cCFwzn3cu89XsKZVJb1baysrq1vbFa2qts7u3v75sFhV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMm11O/9whCsji6V1kCbkhGEQsYJUpLQ7OWO4pxH3DuUMLxbVE8NIdm3WpYM+BlYpekjkq0h+aX48c0DSFSlBMpB7aVKDcnQjHKoag6qYSE0AkZwUDTiIQg3Xx2fIFPtOLjIBa6IoVn6u+JnIRSZqGnO0OixnLRm4r/eYNUBZduzqIkVRDR+aIg5VjFeJoE9pkAqnimCaGC6VsxHRNBqNJ5VXUI9uLLy6TbbNhnjebdeb11VcZRQUfoGJ0iG12gFrpBbdRBFGXoGb2iN+PJeDHejY9564pRztTQHxifPygdlHE=</latexit>

Assume								measures	mainly	operator	growth	within	single	side�L
<latexit sha1_base64="4TLaltlDkrrhZLvTCuAyCR9EC0A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6Lbly4qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/M/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2GeHA3KFfcqjsHWiVeTiqQozkof/XDmKSCSkM41rrnuYnxM6wMI5xOS/1U0wSTMR7SnqUSC6r9bL7wFJ1ZJURRrOyTBs3V3xMZFlpPRGCTApuRXvZm4n9eLzXRlZ8xmaSGSrL4KEo5MjGaXY9CpigxfGIJJorZXREZYYWJsR2VbAne8smrpF2rehfV2n290rjO6yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AZEJkEA=</latexit>

high	temperature	→	?

low	temperature:

interpretaSon:	"leakage"	by	revival	prevents	operator	growth	within	single	side?
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-	How	should	we	choose													(right	L-parSte	entanglement	of	the	ground	state?)Hint
<latexit sha1_base64="pN3jICYY2gGK/HoY4yT8KjWBpr0=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN11WsA9oh5JJM21oJjMkd4Qy9CPcuFDErd/jzr8xbWehrQcCh3PuJfecIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7ud+54lrI2L1iNOE+xEdKREKRtFKncYgEwpng3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsiFVYYkjLV9CslC/b2R0ciYaRTYyYji2Kx6c/E/r5dieOvbQEmKXLHlR2EqCcZknp0MheYM5dQSyrSwtxI2ppoytA2VbAneauR10q5Vvatq7eG6Ur/L6yjCGZzDJXhwA3VoQBNawGACz/AKb07ivDjvzsdytODkO6fwB87nD4ISj64=</latexit>

-	Complex											might	help?

Can	we	find	a	soluSon	for	mulS-boundary	wormhole?

[TN,Numasawa,Peng,Yang,	work	in	progress]

Jijkl
<latexit sha1_base64="JXpDinh2uevSYcPUDOH9o87vgwU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL+IpgnlAsoTZySQZMzu7zvQKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdD31m09cGxGpexzH3A/pQIm+YBSt1LrtpuJhJCfdYsktuzOQZeJlpAQZat3iV6cXsSTkCpmkxrQ9N0Y/pRoFk3xS6CSGx5SN6IC3LVU05MZPZ/dOyIlVeqQfaVsKyUz9PZHS0JhxGNjOkOLQLHpT8T+vnWD/0k+FihPkis0X9RNJMCLT50lPaM5Qji2hTAt7K2FDqilDG1HBhuAtvrxMGpWyd1au3J2XqldZHHk4gmM4BQ8uoAo3UIM6MJDwDK/w5jw6L8678zFvzTnZzCH8gfP5AzzekBk=</latexit>

[Garcia-Garcia,Godet,'20]

[NNPY,	in	preparaSon]

MulS-site	revival	oscillaSon

H =
LX

a=1

HSYK(J
(a)
ijk`; 

(a)
i ) +Hint

<latexit sha1_base64="YFhabgdSfCm9GRl9bbZg/ych+Yo="></latexit>

-	What	is	regenesis	analog?	(L-parSte	entanglement?)
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