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•  Different	formulations	allow	to	compute	different	quantities	(easily)	
•  They	provide	hints	for	future	developments	
•  Not	unfamiliar	state	of	affairs	in	a	string	theory	conference…	
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There	is	a	new	theory	out	there!	

Irrelevant	deformation	of	2d	QFT	teaches	us	how	to	flow	up	the	RG.		

Dressing	of	the	S-matrix	makes	CDD	factors	relevant	in	the	nonintegrable	context.		

Flat	space	JT	gravity	coupled	to	matter	description	highlights	expected	nonlocality.			 ?

2d	LST:	prospect	of	understanding	LST	from	field	theory.	

AdS3	gravity	with	a	finite	cutoff	resolves	old	puzzle	in	holographic	RG.		
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QFT	approach	
In	any	2d	QFT,	exists	the	composite	operator	 	with	remarkable	properties:	
•  Defined	by	point	splitting	
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QFT	approach	
In	any	2d	QFT,	exists	the	composite	operator	 	with	remarkable	properties:	
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QFT	approach	
In	any	2d	QFT,	exists	the	composite	operator	 	with	remarkable	properties:	
•  Defined	by	point	splitting	

	
	
	

•  Consider	the	theory	on																.	Obeys	factorization	in	eigenstates:	
	
	
	

•  Can	deform	the	theory	by	
	
	
	
Irrelevant	deformation,	questions	about	UV	completeness.	Preserves	almost	all	
symmetries	of	seed	theory.	New	class	of	integrable	theories.	In	superspace	the	
deformation	is	(supercurrent)2.	
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“T T̄”(x) ⌘ �⇡2 lim
x0!x

⇣
✏aa

0
✏bb

0
Ta0b0(x

0)Tab(x)
⌘
+ (tot. der.)

<latexit sha1_base64="50TSZoklbDLkuAxHdauHso8UvV8="></latexit>

hn|T T̄ (x)|ni = �⇡2✏aa
0
✏bb

0
hn|Ta0b0 |nihn|Tab|ni

<latexit sha1_base64="Iov1kZMNjnmJRIK9Ygv9ngTRg5k="></latexit>

d

d�
S(�) = � 1

⇡2

Z
d2x T T̄�(x)

<latexit sha1_base64="NOogbzrOHzxTv4yFO8nyWVJqSiI="></latexit>

seed	theory	 T T̄�
<latexit sha1_base64="dsZZhadut35LumWGgdR6YgHMc5Y=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRV0GXBjcsKfUEbws1k0g6dTMLMRCmxn+LGhSJu/RJ3/o3TNgttPTBwOOce7p0TpJwp7TjfVmljc2t7p7xb2ds/ODyyq8ddlWSS0A5JeCL7ASjKmaAdzTSn/VRSiANOe8Hkdu73HqhULBFtPU2pF8NIsIgR0Eby7SpuDwOQeXvmD7mJheDbNafuLIDXiVuQGirQ8u2vYZiQLKZCEw5KDVwn1V4OUjPC6awyzBRNgUxgRAeGCoip8vLF6TN8bpQQR4k0T2i8UH8ncoiVmsaBmYxBj9WqNxf/8waZjm68nIk001SQ5aIo41gneN4DDpmkRPOpIUAkM7diMgYJRJu2KqYEd/XL66TbqLuXdff+qtZsFHWU0Sk6QxfIRdeoie5QC3UQQY/oGb2iN+vJerHerY/laMkqMifoD6zPH+Jqk7U=</latexit>

S(�)
<latexit sha1_base64="PtnzHxl7Sv05uvcGay76l8rzUA4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBItQN2WmCrosuHFZ0T6wHUomk2lDM8mQZIQy9C/cuFDErX/jzr8xbWehrQcCh3POJfeeIOFMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWqCG0RyaXqBlhTzgRtGWY47SaK4jjgtBOMb2Z+54kqzaR4MJOE+jEeChYxgo2VHu+rfW7DIT4flCtuzZ0DrRIvJxXI0RyUv/qhJGlMhSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KBY6r9bL7xFJ1ZJUSRVPYJg+bq74kMx1pP4sAmY2xGetmbif95vdRE137GRJIaKsjioyjlyEg0Ox+FTFFi+MQSTBSzuyIywgoTY0sq2RK85ZNXSbte8y5q3t1lpVHP6yjCCZxCFTy4ggbcQhNaQEDAM7zCm6OdF+fd+VhEC04+cwx/4Hz+AKdOkDI=</latexit>

[Zamolodchikov]	

[Smirnov,	Zamolodchikov]	

[Smirnov,	Zamolodchikov;	
Le	Floch,	MM]	
[Baggio	et	al.;	Chang	et	al.;	
Jiang	et	al.;	Coleman	et	al.]	



QFT	approach	
In	any	2d	QFT,	exists	the	composite	operator	 	with	remarkable	properties:	
•  Defined	by	point	splitting	

	
	
	

•  Consider	the	theory	on																.	Obeys	factorization	in	eigenstates:	
	
	
	

•  Can	deform	the	theory	by	
	
	
	
Irrelevant	deformation,	questions	about	UV	completeness.	Preserves	almost	all	
symmetries	of	seed	theory.	New	class	of	integrable	theories.	In	superspace	the	
deformation	is	(supercurrent)2.	

•  Burgers	equation	for	the	spectrum	– QFT	question	turned	into	PDE	problem	

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

S1
L ⇥ R

<latexit sha1_base64="RUtO5ZpXc2RjEwbBe7Z6cwdeuIA=">AAACAHicbVC5TsNAEF2HK4TLQEFBsyJCoorsgARlJBoKinDkkGJjrTebZJX1od0xUmS54VdoKECIls+g429YJy4g4UkjPb03o5l5fiy4Asv6NkpLyyura+X1ysbm1vaOubvXVlEiKWvRSESy6xPFBA9ZCzgI1o0lI4EvWMcfX+Z+55FJxaPwHiYxcwMyDPmAUwJa8syDuwfbu8YO8IAp7AQERr6f3maeWbVq1hR4kdgFqaICTc/8cvoRTQIWAhVEqZ5txeCmRAKngmUVJ1EsJnRMhqynaUj0PjedPpDhY6308SCSukLAU/X3REoCpSaBrzvzC9W8l4v/eb0EBhduysM4ARbS2aJBIjBEOE8D97lkFMREE0Il17diOiKSUNCZVXQI9vzLi6Rdr9mnNfvmrNqoF3GU0SE6QifIRueoga5QE7UQRRl6Rq/ozXgyXox342PWWjKKmX30B8bnD9l2leM=</latexit>

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

“T T̄”(x) ⌘ �⇡2 lim
x0!x

⇣
✏aa

0
✏bb

0
Ta0b0(x

0)Tab(x)
⌘
+ (tot. der.)

<latexit sha1_base64="50TSZoklbDLkuAxHdauHso8UvV8="></latexit>

hn|T T̄ (x)|ni = �⇡2✏aa
0
✏bb

0
hn|Ta0b0 |nihn|Tab|ni

<latexit sha1_base64="Iov1kZMNjnmJRIK9Ygv9ngTRg5k="></latexit>

@tu+ u @xu = f(x)
<latexit sha1_base64="gY0Yc8/Tq4sMEMiCyMWKSKsCnF0=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUlDJTBd0IBTcuK9gHdIaSSTNtaCYz5CEtQz/Ajb/ixoUibv0Ad/6NmXYQbT0QOJxzbpJ7/JhRqWz7y8otLa+sruXXCxubW9s7xd29poy0wKSBIxaJto8kYZSThqKKkXYsCAp9Rlr+8Dr1W/dESBrxOzWOiReiPqcBxUgZqVssuTESiiLWVVCfaPcU/ggjqK9gUB4dm5RdsaeAi8TJSAlkqHeLn24vwjokXGGGpOw4dqy8JL0XMzIpuFqSGOEh6pOOoRyFRHrJdJkJPDJKDwaRMIcrOFV/TyQolHIc+iYZIjWQ814q/ud1tAouvYTyWCvC8eyhQDOoIpg2A3tUEKzY2BCEBTV/hXiABMLK9FcwJTjzKy+SZrXinFWc2/NSrZrVkQcH4BCUgQMuQA3cgDpoAAwewBN4Aa/Wo/VsvVnvs2jOymb2wR9YH9/1yZo2</latexit>

d

d�
S(�) = � 1

⇡2

Z
d2x T T̄�(x)

<latexit sha1_base64="NOogbzrOHzxTv4yFO8nyWVJqSiI="></latexit>

@

@�
En = En@LEn +

P 2
n

L
<latexit sha1_base64="0gfo26BFL3DyJS1XqJKV0unoRyQ=">AAACLHicbVBNS8NAEN34WetX1KOXxSIIQkmqoBehUAQPPVSwH9DWsNls2qWbTdjdCCXkB3nxrwjiwSJe/R1u2ijaOjDw5s28nZ3nRoxKZVkTY2l5ZXVtvbBR3Nza3tk19/ZbMowFJk0cslB0XCQJo5w0FVWMdCJBUOAy0nZHtazffiBC0pDfqXFE+gEacOpTjJSmHLOW9CIkFEWsF+o5+FMx/YaH0muHX+n8pp061NVp0nD4fWWmqKeOWbLK1jTgIrBzUAJ5NBzzpeeFOA4IV5ghKbu2Fal+kq3AjKTFXixJhPAIDUhXQ44CIvvJ9NgUHmvGg34odHIFp+xvRYICKceBqycDpIZyvpeR//W6sfIv+wnlUawIx7NFfsygCmHmHPSoIFixsQYIC6r/CvEQCYSV9reoTbDnT14ErUrZPivbt+elaiW3owAOwRE4ATa4AFVwAxqgCTB4BM/gDUyMJ+PVeDc+ZqNLRq45AH/C+PwCDJ6olg==</latexit>

� = �t, En = u, L = x
<latexit sha1_base64="Ux5+Yn+1mTRw1YlTs61UMjLln4E=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBRS2JCropFERw4aKCfUATwmQybYdOJmFmIpZQcOOvuHGhiFt/wp1/46TNQlsPDBzOOZc79/gxo1JZ1rdRWFhcWl4prpbW1jc2t8ztnZaMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/eFl5rfviZA04ndqFBM3RH1OexQjpSXP3HOYDgeodqwqTgVeebyWZOSm9uCZZatqTQDniZ2TMsjR8MwvJ4hwEhKuMENSdm0rVm6KhKKYkXHJSSSJER6iPulqylFIpJtObhjDQ60EsBcJ/biCE/X3RIpCKUehr5MhUgM562Xif143Ub0LN6U8ThTheLqolzCoIpgVAgMqCFZspAnCguq/QjxAAmGlayvpEuzZk+dJ66Rqn1bt27NyvZLXUQT74AAcARucgzq4Bg3QBBg8gmfwCt6MJ+PFeDc+ptGCkc/sgj8wPn8A1+mVpA==</latexit>

seed	theory	 T T̄�
<latexit sha1_base64="dsZZhadut35LumWGgdR6YgHMc5Y=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRV0GXBjcsKfUEbws1k0g6dTMLMRCmxn+LGhSJu/RJ3/o3TNgttPTBwOOce7p0TpJwp7TjfVmljc2t7p7xb2ds/ODyyq8ddlWSS0A5JeCL7ASjKmaAdzTSn/VRSiANOe8Hkdu73HqhULBFtPU2pF8NIsIgR0Eby7SpuDwOQeXvmD7mJheDbNafuLIDXiVuQGirQ8u2vYZiQLKZCEw5KDVwn1V4OUjPC6awyzBRNgUxgRAeGCoip8vLF6TN8bpQQR4k0T2i8UH8ncoiVmsaBmYxBj9WqNxf/8waZjm68nIk001SQ5aIo41gneN4DDpmkRPOpIUAkM7diMgYJRJu2KqYEd/XL66TbqLuXdff+qtZsFHWU0Sk6QxfIRdeoie5QC3UQQY/oGb2iN+vJerHerY/laMkqMifoD6zPH+Jqk7U=</latexit>

S(�)
<latexit sha1_base64="PtnzHxl7Sv05uvcGay76l8rzUA4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBItQN2WmCrosuHFZ0T6wHUomk2lDM8mQZIQy9C/cuFDErX/jzr8xbWehrQcCh3POJfeeIOFMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWqCG0RyaXqBlhTzgRtGWY47SaK4jjgtBOMb2Z+54kqzaR4MJOE+jEeChYxgo2VHu+rfW7DIT4flCtuzZ0DrRIvJxXI0RyUv/qhJGlMhSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KBY6r9bL7xFJ1ZJUSRVPYJg+bq74kMx1pP4sAmY2xGetmbif95vdRE137GRJIaKsjioyjlyEg0Ox+FTFFi+MQSTBSzuyIywgoTY0sq2RK85ZNXSbte8y5q3t1lpVHP6yjCCZxCFTy4ggbcQhNaQEDAM7zCm6OdF+fd+VhEC04+cwx/4Hz+AKdOkDI=</latexit>

[Zamolodchikov]	

[Smirnov,	Zamolodchikov]	

[Smirnov,	Zamolodchikov;	
	Cavaglia,	Negro,	Szecsenyi,	
Tateo]	

[Smirnov,	Zamolodchikov;	
Le	Floch,	MM]	
[Baggio	et	al.;	Chang	et	al.;	
Jiang	et	al.;	Coleman	et	al.]	



QFT	approach	
In	any	2d	QFT,	exists	the	composite	operator	 	with	remarkable	properties:	
•  Burgers	equation	for	the	spectrum	

•  If	seed	theory	had	higher	spin	charges,	they	ride	the	Burgers	flow	(passive	scalar)	

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

@tPs + u @xPs = �s p

x2
Ps

<latexit sha1_base64="I80YtdkTcHRZs9/H6qurl9YzVAA=">AAACIXicbZBNS8MwGMfT+TbnW9Wjl+AQBOdop+AuwsCLxwnuBdZa0izbwtK0JKlslH0VL34VLx4U2U38MqZbEd18IPDn97zl+fsRo1JZ1qeRW1ldW9/Ibxa2tnd298z9g6YMY4FJA4csFG0fScIoJw1FFSPtSBAU+Iy0/OFNmm89EiFpyO/VOCJugPqc9ihGSiPPrDoREooi5ilY9+RZ7JTgDxql6BqeJ1A6pcgJ9SA4eqhMUuyZRatszQIuCzsTRZBF3TOnTjfEcUC4wgxJ2bGtSLlJugozMik4sSQRwkPUJx0tOQqIdJPZhRN4okkX9kKhH1dwRn93JCiQchz4ujJAaiAXcyn8L9eJVa/qJpRHsSIczxf1YgZVCFO7YJcKghUba4GwoPqvEA+QQFhpUwvaBHvx5GXRrJTti7J9d1msVTI78uAIHINTYIMrUAO3oA4aAIMn8ALewLvxbLwaH8Z0Xpozsp5D8CeMr297ZaJl</latexit>

@tu+ u @xu = � p2

x3
<latexit sha1_base64="fL64Dbco6FqTTF4EhG9sNYijodE=">AAACF3icbVDLSgMxFM3UV62vUZdugkUQ1GGmFXQjFNy4rGAf0GlLJk3b0MxMyENahv6FG3/FjQtF3OrOvzFtB9HWA4HDOfeRewLOqFSu+2VllpZXVtey67mNza3tHXt3rypjLTCp4JjFoh4gSRiNSEVRxUidC4LCgJFaMLie+LV7IiSNozs14qQZol5EuxQjZaS27fgcCUURayuoT7R/Cn+EIdRX8CzhrYIfmxFw2CqO23beddwp4CLxUpIHKcpt+9PvxFiHJFKYISkbnstVM5mswIyMc76WhCM8QD3SMDRCIZHNZHrXGB4ZpQO7sTAvUnCq/u5IUCjlKAxMZYhUX857E/E/r6FV97KZ0IhrRSI8W9TVDKoYTkKCHSoIVmxkCMKCmr9C3EcCYWWizJkQvPmTF0m14HhFx7s9z5cKaRxZcAAOwTHwwAUogRtQBhWAwQN4Ai/g1Xq0nq03631WmrHSnn3wB9bHN5D2nts=</latexit>

� = �t, En = u, L = x
<latexit sha1_base64="Ux5+Yn+1mTRw1YlTs61UMjLln4E=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBRS2JCropFERw4aKCfUATwmQybYdOJmFmIpZQcOOvuHGhiFt/wp1/46TNQlsPDBzOOZc79/gxo1JZ1rdRWFhcWl4prpbW1jc2t8ztnZaMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/eFl5rfviZA04ndqFBM3RH1OexQjpSXP3HOYDgeodqwqTgVeebyWZOSm9uCZZatqTQDniZ2TMsjR8MwvJ4hwEhKuMENSdm0rVm6KhKKYkXHJSSSJER6iPulqylFIpJtObhjDQ60EsBcJ/biCE/X3RIpCKUehr5MhUgM562Xif143Ub0LN6U8ThTheLqolzCoIpgVAgMqCFZspAnCguq/QjxAAmGlayvpEuzZk+dJ66Rqn1bt27NyvZLXUQT74AAcARucgzq4Bg3QBBg8gmfwCt6MJ+PFeDc+ptGCkc/sgj8wPn8A1+mVpA==</latexit>@

@�
E = E@LE +

P 2

L
<latexit sha1_base64="U+egK89xcsJiMjEPv4CgnyWco0Q=">AAACJHicbVDLSgMxFM3UV62vUZdugkUQhDJTBQURClJw0UUF+4DOOGQymTY08yDJCGXox7jxV9y48IELN36LmXYUbT0QODn33Jvc48aMCmkYH1phYXFpeaW4Wlpb39jc0rd32iJKOCYtHLGId10kCKMhaUkqGenGnKDAZaTjDi+zeueOcEGj8EaOYmIHqB9Sn2IkleTo56kVIy4pYlakfPDnxtQMD43rF/VvyWnA+lHavK1OnY2xo5eNijEBnCdmTsogR9PRXy0vwklAQokZEqJnGrG002w8ZmRcshJBYoSHqE96ioYoIMJOJ0uO4YFSPOhHXJ1Qwon6uyNFgRCjwFXOAMmBmK1l4n+1XiL9MzulYZxIEuLpQ37CoIxglhj0KCdYspEiCHOq/grxAHGEpcq1pEIwZ1eeJ+1qxTyumNcn5Vo1j6MI9sA+OAQmOAU1cAWaoAUwuAeP4Bm8aA/ak/amvU+tBS3v2QV/oH1+AUHSpRI=</latexit>

@

@�
Ps = E @LPs +

s P Ps

L
<latexit sha1_base64="1HvUJ/ogLV/Iy/NkR5gJRKlDUKc="></latexit>

[Conti,	Negro,	Tateo;		
Le	Floch,	MM]	



QFT	approach	
In	any	2d	QFT,	exists	the	composite	operator	 	with	remarkable	properties:	
•  Burgers	equation	for	the	spectrum	

•  If	seed	theory	had	higher	spin	charges,	they	ride	the	Burgers	flow	(passive	scalar)	

•  Initial	conditions	
	
	
	
	

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

@tPs + u @xPs = �s p

x2
Ps

<latexit sha1_base64="I80YtdkTcHRZs9/H6qurl9YzVAA=">AAACIXicbZBNS8MwGMfT+TbnW9Wjl+AQBOdop+AuwsCLxwnuBdZa0izbwtK0JKlslH0VL34VLx4U2U38MqZbEd18IPDn97zl+fsRo1JZ1qeRW1ldW9/Ibxa2tnd298z9g6YMY4FJA4csFG0fScIoJw1FFSPtSBAU+Iy0/OFNmm89EiFpyO/VOCJugPqc9ihGSiPPrDoREooi5ilY9+RZ7JTgDxql6BqeJ1A6pcgJ9SA4eqhMUuyZRatszQIuCzsTRZBF3TOnTjfEcUC4wgxJ2bGtSLlJugozMik4sSQRwkPUJx0tOQqIdJPZhRN4okkX9kKhH1dwRn93JCiQchz4ujJAaiAXcyn8L9eJVa/qJpRHsSIczxf1YgZVCFO7YJcKghUba4GwoPqvEA+QQFhpUwvaBHvx5GXRrJTti7J9d1msVTI78uAIHINTYIMrUAO3oA4aAIMn8ALewLvxbLwaH8Z0Xpozsp5D8CeMr297ZaJl</latexit>

u(t = 0, x) , Ps(t = 0, x)
<latexit sha1_base64="Lc95krk21wkv6Vt4ZSDJLEBzrY4=">AAACGXicbVDLSsNAFJ3UV62vqEtdDBahQilJFXQjFNy4rGAf0IQwmUzboZOH85CW0I2/4Q+41T9wJ25d+QN+h9M2C9t64MLhnHu59x4/YVRIy/o2ciura+sb+c3C1vbO7p65f9AUseKYNHDMYt72kSCMRqQhqWSknXCCQp+Rlj+4mfitR8IFjaN7OUqIG6JeRLsUI6klzzxWJXltlYdnTrkMnQeFAlj3RKZ5ZtGqWFPAZWJnpAgy1D3zxwlirEISScyQEB3bSqSbIi4pZmRccJQgCcID1CMdTSMUEuGm0y/G8FQrAezGXFck4VT9O5GiUIhR6OvOEMm+WPQm4n9eR8nulZvSKFGSRHi2qKsYlDGcRAIDygmWbKQJwpzqWyHuI46w1MHNbRnOTi3oYOzFGJZJs1qxzyv23UWxVs0iyoMjcAJKwAaXoAZuQR00AAZP4AW8gjfj2Xg3PozPWWvOyGYOwRyMr19Bb556</latexit>

E(� = 0, L)
CFT
=

e

L

Ps(� = 0, L)
CFT
=

ps
Ls

<latexit sha1_base64="zs8WDR53j8NfC7T+P046o9LqOtY="></latexit>

@tu+ u @xu = � p2

x3
<latexit sha1_base64="fL64Dbco6FqTTF4EhG9sNYijodE=">AAACF3icbVDLSgMxFM3UV62vUZdugkUQ1GGmFXQjFNy4rGAf0GlLJk3b0MxMyENahv6FG3/FjQtF3OrOvzFtB9HWA4HDOfeRewLOqFSu+2VllpZXVtey67mNza3tHXt3rypjLTCp4JjFoh4gSRiNSEVRxUidC4LCgJFaMLie+LV7IiSNozs14qQZol5EuxQjZaS27fgcCUURayuoT7R/Cn+EIdRX8CzhrYIfmxFw2CqO23beddwp4CLxUpIHKcpt+9PvxFiHJFKYISkbnstVM5mswIyMc76WhCM8QD3SMDRCIZHNZHrXGB4ZpQO7sTAvUnCq/u5IUCjlKAxMZYhUX857E/E/r6FV97KZ0IhrRSI8W9TVDKoYTkKCHSoIVmxkCMKCmr9C3EcCYWWizJkQvPmTF0m14HhFx7s9z5cKaRxZcAAOwTHwwAUogRtQBhWAwQN4Ai/g1Xq0nq03631WmrHSnn3wB9bHN5D2nts=</latexit>

� = �t, En = u, L = x
<latexit sha1_base64="Ux5+Yn+1mTRw1YlTs61UMjLln4E=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBRS2JCropFERw4aKCfUATwmQybYdOJmFmIpZQcOOvuHGhiFt/wp1/46TNQlsPDBzOOZc79/gxo1JZ1rdRWFhcWl4prpbW1jc2t8ztnZaMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/eFl5rfviZA04ndqFBM3RH1OexQjpSXP3HOYDgeodqwqTgVeebyWZOSm9uCZZatqTQDniZ2TMsjR8MwvJ4hwEhKuMENSdm0rVm6KhKKYkXHJSSSJER6iPulqylFIpJtObhjDQ60EsBcJ/biCE/X3RIpCKUehr5MhUgM562Xif143Ub0LN6U8ThTheLqolzCoIpgVAgMqCFZspAnCguq/QjxAAmGlayvpEuzZk+dJ66Rqn1bt27NyvZLXUQT74AAcARucgzq4Bg3QBBg8gmfwCt6MJ+PFeDc+ptGCkc/sgj8wPn8A1+mVpA==</latexit>@

@�
E = E@LE +

P 2

L
<latexit sha1_base64="U+egK89xcsJiMjEPv4CgnyWco0Q=">AAACJHicbVDLSgMxFM3UV62vUZdugkUQhDJTBQURClJw0UUF+4DOOGQymTY08yDJCGXox7jxV9y48IELN36LmXYUbT0QODn33Jvc48aMCmkYH1phYXFpeaW4Wlpb39jc0rd32iJKOCYtHLGId10kCKMhaUkqGenGnKDAZaTjDi+zeueOcEGj8EaOYmIHqB9Sn2IkleTo56kVIy4pYlakfPDnxtQMD43rF/VvyWnA+lHavK1OnY2xo5eNijEBnCdmTsogR9PRXy0vwklAQokZEqJnGrG002w8ZmRcshJBYoSHqE96ioYoIMJOJ0uO4YFSPOhHXJ1Qwon6uyNFgRCjwFXOAMmBmK1l4n+1XiL9MzulYZxIEuLpQ37CoIxglhj0KCdYspEiCHOq/grxAHGEpcq1pEIwZ1eeJ+1qxTyumNcn5Vo1j6MI9sA+OAQmOAU1cAWaoAUwuAeP4Bm8aA/ak/amvU+tBS3v2QV/oH1+AUHSpRI=</latexit>

@

@�
Ps = E @LPs +

s P Ps

L
<latexit sha1_base64="1HvUJ/ogLV/Iy/NkR5gJRKlDUKc="></latexit>

[Conti,	Negro,	Tateo;		
Le	Floch,	MM]	



QFT	approach	
In	any	2d	QFT,	exists	the	composite	operator	 	with	remarkable	properties:	
•  Burgers	equation	for	the	spectrum	

•  If	seed	theory	had	higher	spin	charges,	they	ride	the	Burgers	flow	(passive	scalar)	

•  Initial	conditions	
	
	
	
	

•  Solution	for	CFT	seed:	
	
	
	
	Singularity	corresponds	to	shock	formation.	Problematic	to	interpret	from	QFT	pov.	

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

@tPs + u @xPs = �s p

x2
Ps

<latexit sha1_base64="I80YtdkTcHRZs9/H6qurl9YzVAA=">AAACIXicbZBNS8MwGMfT+TbnW9Wjl+AQBOdop+AuwsCLxwnuBdZa0izbwtK0JKlslH0VL34VLx4U2U38MqZbEd18IPDn97zl+fsRo1JZ1qeRW1ldW9/Ibxa2tnd298z9g6YMY4FJA4csFG0fScIoJw1FFSPtSBAU+Iy0/OFNmm89EiFpyO/VOCJugPqc9ihGSiPPrDoREooi5ilY9+RZ7JTgDxql6BqeJ1A6pcgJ9SA4eqhMUuyZRatszQIuCzsTRZBF3TOnTjfEcUC4wgxJ2bGtSLlJugozMik4sSQRwkPUJx0tOQqIdJPZhRN4okkX9kKhH1dwRn93JCiQchz4ujJAaiAXcyn8L9eJVa/qJpRHsSIczxf1YgZVCFO7YJcKghUba4GwoPqvEA+QQFhpUwvaBHvx5GXRrJTti7J9d1msVTI78uAIHINTYIMrUAO3oA4aAIMn8ALewLvxbLwaH8Z0Xpozsp5D8CeMr297ZaJl</latexit>

u(t = 0, x) , Ps(t = 0, x)
<latexit sha1_base64="Lc95krk21wkv6Vt4ZSDJLEBzrY4=">AAACGXicbVDLSsNAFJ3UV62vqEtdDBahQilJFXQjFNy4rGAf0IQwmUzboZOH85CW0I2/4Q+41T9wJ25d+QN+h9M2C9t64MLhnHu59x4/YVRIy/o2ciura+sb+c3C1vbO7p65f9AUseKYNHDMYt72kSCMRqQhqWSknXCCQp+Rlj+4mfitR8IFjaN7OUqIG6JeRLsUI6klzzxWJXltlYdnTrkMnQeFAlj3RKZ5ZtGqWFPAZWJnpAgy1D3zxwlirEISScyQEB3bSqSbIi4pZmRccJQgCcID1CMdTSMUEuGm0y/G8FQrAezGXFck4VT9O5GiUIhR6OvOEMm+WPQm4n9eR8nulZvSKFGSRHi2qKsYlDGcRAIDygmWbKQJwpzqWyHuI46w1MHNbRnOTi3oYOzFGJZJs1qxzyv23UWxVs0iyoMjcAJKwAaXoAZuQR00AAZP4AW8gjfj2Xg3PozPWWvOyGYOwRyMr19Bb556</latexit>

E(� = 0, L)
CFT
=

e

L

Ps(� = 0, L)
CFT
=

ps
Ls

<latexit sha1_base64="zs8WDR53j8NfC7T+P046o9LqOtY="></latexit>

@tu+ u @xu = � p2

x3
<latexit sha1_base64="fL64Dbco6FqTTF4EhG9sNYijodE=">AAACF3icbVDLSgMxFM3UV62vUZdugkUQ1GGmFXQjFNy4rGAf0GlLJk3b0MxMyENahv6FG3/FjQtF3OrOvzFtB9HWA4HDOfeRewLOqFSu+2VllpZXVtey67mNza3tHXt3rypjLTCp4JjFoh4gSRiNSEVRxUidC4LCgJFaMLie+LV7IiSNozs14qQZol5EuxQjZaS27fgcCUURayuoT7R/Cn+EIdRX8CzhrYIfmxFw2CqO23beddwp4CLxUpIHKcpt+9PvxFiHJFKYISkbnstVM5mswIyMc76WhCM8QD3SMDRCIZHNZHrXGB4ZpQO7sTAvUnCq/u5IUCjlKAxMZYhUX857E/E/r6FV97KZ0IhrRSI8W9TVDKoYTkKCHSoIVmxkCMKCmr9C3EcCYWWizJkQvPmTF0m14HhFx7s9z5cKaRxZcAAOwTHwwAUogRtQBhWAwQN4Ai/g1Xq0nq03631WmrHSnn3wB9bHN5D2nts=</latexit>

� = �t, En = u, L = x
<latexit sha1_base64="Ux5+Yn+1mTRw1YlTs61UMjLln4E=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBRS2JCropFERw4aKCfUATwmQybYdOJmFmIpZQcOOvuHGhiFt/wp1/46TNQlsPDBzOOZc79/gxo1JZ1rdRWFhcWl4prpbW1jc2t8ztnZaMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/eFl5rfviZA04ndqFBM3RH1OexQjpSXP3HOYDgeodqwqTgVeebyWZOSm9uCZZatqTQDniZ2TMsjR8MwvJ4hwEhKuMENSdm0rVm6KhKKYkXHJSSSJER6iPulqylFIpJtObhjDQ60EsBcJ/biCE/X3RIpCKUehr5MhUgM562Xif143Ub0LN6U8ThTheLqolzCoIpgVAgMqCFZspAnCguq/QjxAAmGlayvpEuzZk+dJ66Rqn1bt27NyvZLXUQT74AAcARucgzq4Bg3QBBg8gmfwCt6MJ+PFeDc+ptGCkc/sgj8wPn8A1+mVpA==</latexit>@

@�
E = E@LE +

P 2

L
<latexit sha1_base64="U+egK89xcsJiMjEPv4CgnyWco0Q=">AAACJHicbVDLSgMxFM3UV62vUZdugkUQhDJTBQURClJw0UUF+4DOOGQymTY08yDJCGXox7jxV9y48IELN36LmXYUbT0QODn33Jvc48aMCmkYH1phYXFpeaW4Wlpb39jc0rd32iJKOCYtHLGId10kCKMhaUkqGenGnKDAZaTjDi+zeueOcEGj8EaOYmIHqB9Sn2IkleTo56kVIy4pYlakfPDnxtQMD43rF/VvyWnA+lHavK1OnY2xo5eNijEBnCdmTsogR9PRXy0vwklAQokZEqJnGrG002w8ZmRcshJBYoSHqE96ioYoIMJOJ0uO4YFSPOhHXJ1Qwon6uyNFgRCjwFXOAMmBmK1l4n+1XiL9MzulYZxIEuLpQ37CoIxglhj0KCdYspEiCHOq/grxAHGEpcq1pEIwZ1eeJ+1qxTyumNcn5Vo1j6MI9sA+OAQmOAU1cAWaoAUwuAeP4Bm8aA/ak/amvU+tBS3v2QV/oH1+AUHSpRI=</latexit>

@

@�
Ps = E @LPs +

s P Ps

L
<latexit sha1_base64="1HvUJ/ogLV/Iy/NkR5gJRKlDUKc="></latexit>

E(�, L) =

q
1 + 2e�̃+ p2�̃2 � 1

�̃L
, Ps(�, L) / (E + P )s , �̃ ⌘ 2�

L2
<latexit sha1_base64="x6HJyJyI0a1l/npJR7B/ajcDOFA="></latexit>

[Conti,	Negro,	Tateo;		
Le	Floch,	MM]	



QFT	approach	
In	any	2d	QFT,	exists	the	composite	operator	 	with	remarkable	properties:	
•  Solution	for	CFT	seed:	

	
	
	
	Singularity	corresponds	to	shock	formation.	Problematic	to	interpret	from	QFT	pov.	

•  Sketch	of	spectrum	for		

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

E(�, L) =

q
1 + 2e�̃+ p2�̃2 � 1

�̃L
, Ps(�, L) / (E + P )s , �̃ ⌘ 2�

L2
<latexit sha1_base64="x6HJyJyI0a1l/npJR7B/ajcDOFA="></latexit>

λ

E(λ)

P = 0
<latexit sha1_base64="zzLX2QfYZNgGx7YcARc0qBhR/TE=">AAAB7XicbVBNS8NAEJ3Urxq/qh69LBbBg5REBb0IBS8eK9gPaEPZbDft2s1u2N0IJfQ/ePGgiFf/jzf/jZs2B219MPB4b4aZeWHCmTae9+2UVlbX1jfKm+7W9s7uXmX/oKVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm9zv/1ElWZSPJhJQoMYDwWLGMHGSq3Gjee6br9S9WreDGiZ+AWpQoFGv/LVG0iSxlQYwrHWXd9LTJBhZRjhdOr2Uk0TTMZ4SLuWChxTHWSza6foxCoDFEllSxg0U39PZDjWehKHtjPGZqQXvVz8z+umJroOMiaS1FBB5ouilCMjUf46GjBFieETSzBRzN6KyAgrTIwNKA/BX3x5mbTOa/5Fzb+/rNbPijjKcATHcAo+XEEd7qABTSDwCM/wCm+OdF6cd+dj3lpyiplD+APn8wcye41+</latexit>



QFT	approach	
In	any	2d	QFT,	exists	the	composite	operator	 	with	remarkable	properties:	
•  										function	can	be	obtained	from	this	data	by	summing	over	states.	Instead	Hubbard-

Stratonovich	transformation	and	summing	over	random	metrics:	
	
	
	
	
	
Gives	diffusion	equation:	
	
	
Modularity	of										is	guaranteed.		
	

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

ZT 2
<latexit sha1_base64="v5ICsr0v49x01ZyKUtNJCDTkf/c=">AAACAnicbVDLTgIxFL2DL8QX6tJNIzFxRWbQRJckblxiwivCSDqlAw2ddtJ2jGTCzh9wq3/gzrj1R/wBv8MCsxDwJE1Ozrk39/QEMWfauO63k1tb39jcym8Xdnb39g+Kh0dNLRNFaINILlU7wJpyJmjDMMNpO1YURwGnrWB0M/Vbj1RpJkXdjGPqR3ggWMgINlZq3ffS+kNl0iuW3LI7A1olXkZKkKHWK/50+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tNZ3Ak6s0ofhVLZJwyaqX83UhxpPY4COxlhM9TL3lT8z+skJrz2UybixFBB5ofChCMj0fTvqM8UJYaPLcFEMZsVkSFWmBjb0MKVp3nUgi3GW65hlTQrZe+i7N1dlqqVrKI8nMApnIMHV1CFW6hBAwiM4AVe4c15dt6dD+dzPppzsp1jWIDz9QtM9pfO</latexit>

ZT 2
<latexit sha1_base64="v5ICsr0v49x01ZyKUtNJCDTkf/c=">AAACAnicbVDLTgIxFL2DL8QX6tJNIzFxRWbQRJckblxiwivCSDqlAw2ddtJ2jGTCzh9wq3/gzrj1R/wBv8MCsxDwJE1Ozrk39/QEMWfauO63k1tb39jcym8Xdnb39g+Kh0dNLRNFaINILlU7wJpyJmjDMMNpO1YURwGnrWB0M/Vbj1RpJkXdjGPqR3ggWMgINlZq3ffS+kNl0iuW3LI7A1olXkZKkKHWK/50+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tNZ3Ak6s0ofhVLZJwyaqX83UhxpPY4COxlhM9TL3lT8z+skJrz2UybixFBB5ofChCMj0fTvqM8UJYaPLcFEMZsVkSFWmBjb0MKVp3nUgi3GW65hlTQrZe+i7N1dlqqVrKI8nMApnIMHV1CFW6hBAwiM4AVe4c15dt6dD+dzPppzsp1jWIDz9QtM9pfO</latexit>
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<latexit sha1_base64="93l98/8C/7ZI/aa921/Ug98HtHQ="></latexit>

@� (ZT 2/A) = �@L ^ @L0 (ZT 2/A)
<latexit sha1_base64="U/6Uj0lTtQ3K2So4VBwu9L96dGI="></latexit>

A
<latexit sha1_base64="kd4idDWXtWndHvAjofKmt24idLQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeKF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5k2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVS95mWlXsvjKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPjwmMuA==</latexit>

~L
<latexit sha1_base64="zi2NOs3D/gyhCwgTyHcj0blSKAM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXAxsIigvmA5Ah7m7lkyd7esbsXCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47u5356g0jyWT2aaoB/RoeQhZ9RYqd2bIMseZv1yxa26C5B14uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4KzUSzUmlI3pELuWShqh9rPFuTNyYZUBCWNlSxqyUH9PZDTSehoFtjOiZqRXvbn4n9dNTXjrZ1wmqUHJlovCVBATk/nvZMAVMiOmllCmuL2VsBFVlBmbUMmG4K2+vE5atap3VfUeryv1Wh5HEc7gHC7Bgxuowz00oAkMxvAMr/DmJM6L8+58LFsLTj5zCn/gfP4AazOPkQ==</latexit>

~L0
<latexit sha1_base64="mscsj2uh3ZuWQClJNBhWVQXIdQM=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNoFe6ioGXAxsIigvmA5Ah7m0myZG/v3N0LhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCAWXBvX/XZya+sbm1v57cLO7t7+QfHwqKGjRDGss0hEqhVQjYJLrBtuBLZihTQMBDaD0e3Mb45RaR7JRzOJ0Q/pQPI+Z9RYqdUZI0vvp+fdYsktu3OQVeJlpAQZat3iV6cXsSREaZigWrc9NzZ+SpXhTOC00Ek0xpSN6ADblkoaovbT+b1TcmaVHulHypY0ZK7+nkhpqPUkDGxnSM1QL3sz8T+vnZj+jZ9yGScGJVss6ieCmIjMnic9rpAZMbGEMsXtrYQNqaLM2IgKNgRv+eVV0qiUvcuy93BVqlayOPJwAqdwAR5cQxXuoAZ1YCDgGV7hzXlyXpx352PRmnOymWP4A+fzB84dj8I=</latexit>

[Cardy]	



QFT	approach	
In	any	2d	QFT,	exists	the	composite	operator	 	with	remarkable	properties:	
•  										function	can	be	obtained	from	this	data	by	summing	over	states.	Instead	Hubbard-

Stratonovich	transformation	and	summing	over	random	metrics:	
	
	
	
	
	
Gives	diffusion	equation:	
	
	
Modularity	of										is	guaranteed.		
	

•  Energy	eigenvalues	evolve	independently.										(with	CFT	seed)	is	the	unique	modular	
covariant	partition	function	with	this	property.	
	

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

ZT 2
<latexit sha1_base64="v5ICsr0v49x01ZyKUtNJCDTkf/c=">AAACAnicbVDLTgIxFL2DL8QX6tJNIzFxRWbQRJckblxiwivCSDqlAw2ddtJ2jGTCzh9wq3/gzrj1R/wBv8MCsxDwJE1Ozrk39/QEMWfauO63k1tb39jcym8Xdnb39g+Kh0dNLRNFaINILlU7wJpyJmjDMMNpO1YURwGnrWB0M/Vbj1RpJkXdjGPqR3ggWMgINlZq3ffS+kNl0iuW3LI7A1olXkZKkKHWK/50+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tNZ3Ak6s0ofhVLZJwyaqX83UhxpPY4COxlhM9TL3lT8z+skJrz2UybixFBB5ofChCMj0fTvqM8UJYaPLcFEMZsVkSFWmBjb0MKVp3nUgi3GW65hlTQrZe+i7N1dlqqVrKI8nMApnIMHV1CFW6hBAwiM4AVe4c15dt6dD+dzPppzsp1jWIDz9QtM9pfO</latexit>

ZT 2
<latexit sha1_base64="v5ICsr0v49x01ZyKUtNJCDTkf/c=">AAACAnicbVDLTgIxFL2DL8QX6tJNIzFxRWbQRJckblxiwivCSDqlAw2ddtJ2jGTCzh9wq3/gzrj1R/wBv8MCsxDwJE1Ozrk39/QEMWfauO63k1tb39jcym8Xdnb39g+Kh0dNLRNFaINILlU7wJpyJmjDMMNpO1YURwGnrWB0M/Vbj1RpJkXdjGPqR3ggWMgINlZq3ffS+kNl0iuW3LI7A1olXkZKkKHWK/50+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tNZ3Ak6s0ofhVLZJwyaqX83UhxpPY4COxlhM9TL3lT8z+skJrz2UybixFBB5ofChCMj0fTvqM8UJYaPLcFEMZsVkSFWmBjb0MKVp3nUgi3GW65hlTQrZe+i7N1dlqqVrKI8nMApnIMHV1CFW6hBAwiM4AVe4c15dt6dD+dzPppzsp1jWIDz9QtM9pfO</latexit>
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◆�

<latexit sha1_base64="93l98/8C/7ZI/aa921/Ug98HtHQ="></latexit>

@� (ZT 2/A) = �@L ^ @L0 (ZT 2/A)
<latexit sha1_base64="U/6Uj0lTtQ3K2So4VBwu9L96dGI="></latexit>

A
<latexit sha1_base64="kd4idDWXtWndHvAjofKmt24idLQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeKF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5k2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVS95mWlXsvjKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPjwmMuA==</latexit>

~L
<latexit sha1_base64="zi2NOs3D/gyhCwgTyHcj0blSKAM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXAxsIigvmA5Ah7m7lkyd7esbsXCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47u5356g0jyWT2aaoB/RoeQhZ9RYqd2bIMseZv1yxa26C5B14uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4KzUSzUmlI3pELuWShqh9rPFuTNyYZUBCWNlSxqyUH9PZDTSehoFtjOiZqRXvbn4n9dNTXjrZ1wmqUHJlovCVBATk/nvZMAVMiOmllCmuL2VsBFVlBmbUMmG4K2+vE5atap3VfUeryv1Wh5HEc7gHC7Bgxuowz00oAkMxvAMr/DmJM6L8+58LFsLTj5zCn/gfP4AazOPkQ==</latexit>

~L0
<latexit sha1_base64="mscsj2uh3ZuWQClJNBhWVQXIdQM=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNoFe6ioGXAxsIigvmA5Ah7m0myZG/v3N0LhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCAWXBvX/XZya+sbm1v57cLO7t7+QfHwqKGjRDGss0hEqhVQjYJLrBtuBLZihTQMBDaD0e3Mb45RaR7JRzOJ0Q/pQPI+Z9RYqdUZI0vvp+fdYsktu3OQVeJlpAQZat3iV6cXsSREaZigWrc9NzZ+SpXhTOC00Ek0xpSN6ADblkoaovbT+b1TcmaVHulHypY0ZK7+nkhpqPUkDGxnSM1QL3sz8T+vnZj+jZ9yGScGJVss6ieCmIjMnic9rpAZMbGEMsXtrYQNqaLM2IgKNgRv+eVV0qiUvcuy93BVqlayOPJwAqdwAR5cQxXuoAZ1YCDgGV7hzXlyXpx352PRmnOymWP4A+fzB84dj8I=</latexit>

ZT 2
<latexit sha1_base64="v5ICsr0v49x01ZyKUtNJCDTkf/c=">AAACAnicbVDLTgIxFL2DL8QX6tJNIzFxRWbQRJckblxiwivCSDqlAw2ddtJ2jGTCzh9wq3/gzrj1R/wBv8MCsxDwJE1Ozrk39/QEMWfauO63k1tb39jcym8Xdnb39g+Kh0dNLRNFaINILlU7wJpyJmjDMMNpO1YURwGnrWB0M/Vbj1RpJkXdjGPqR3ggWMgINlZq3ffS+kNl0iuW3LI7A1olXkZKkKHWK/50+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tNZ3Ak6s0ofhVLZJwyaqX83UhxpPY4COxlhM9TL3lT8z+skJrz2UybixFBB5ofChCMj0fTvqM8UJYaPLcFEMZsVkSFWmBjb0MKVp3nUgi3GW65hlTQrZe+i7N1dlqqVrKI8nMApnIMHV1CFW6hBAwiM4AVe4c15dt6dD+dzPppzsp1jWIDz9QtM9pfO</latexit>

[Cardy]	

[Aharony,	Datta,	Giveon,		
Jiang,	Kutasov]	



QFT	approach	
In	any	2d	QFT,	exists	the	composite	operator	 	with	remarkable	properties:	
•  										function	can	be	obtained	from	this	data	by	summing	over	states.	Instead	Hubbard-

Stratonovich	transformation	and	summing	over	random	metrics:	
	
	
	
	
	
Gives	diffusion	equation:	
	
	
Modularity	of										is	guaranteed.		
	

•  Energy	eigenvalues	evolve	independently.										(with	CFT	seed)	is	the	unique	modular	
covariant	partition	function	with	this	property.	
	

•  The	classical	Lagrangian	starting	from	a	seed	of									free	massless	bosons	is		
Nambu-Goto	in	static	gauge:	
	

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

ZT 2
<latexit sha1_base64="v5ICsr0v49x01ZyKUtNJCDTkf/c=">AAACAnicbVDLTgIxFL2DL8QX6tJNIzFxRWbQRJckblxiwivCSDqlAw2ddtJ2jGTCzh9wq3/gzrj1R/wBv8MCsxDwJE1Ozrk39/QEMWfauO63k1tb39jcym8Xdnb39g+Kh0dNLRNFaINILlU7wJpyJmjDMMNpO1YURwGnrWB0M/Vbj1RpJkXdjGPqR3ggWMgINlZq3ffS+kNl0iuW3LI7A1olXkZKkKHWK/50+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tNZ3Ak6s0ofhVLZJwyaqX83UhxpPY4COxlhM9TL3lT8z+skJrz2UybixFBB5ofChCMj0fTvqM8UJYaPLcFEMZsVkSFWmBjb0MKVp3nUgi3GW65hlTQrZe+i7N1dlqqVrKI8nMApnIMHV1CFW6hBAwiM4AVe4c15dt6dD+dzPppzsp1jWIDz9QtM9pfO</latexit>

ZT 2
<latexit sha1_base64="v5ICsr0v49x01ZyKUtNJCDTkf/c=">AAACAnicbVDLTgIxFL2DL8QX6tJNIzFxRWbQRJckblxiwivCSDqlAw2ddtJ2jGTCzh9wq3/gzrj1R/wBv8MCsxDwJE1Ozrk39/QEMWfauO63k1tb39jcym8Xdnb39g+Kh0dNLRNFaINILlU7wJpyJmjDMMNpO1YURwGnrWB0M/Vbj1RpJkXdjGPqR3ggWMgINlZq3ffS+kNl0iuW3LI7A1olXkZKkKHWK/50+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tNZ3Ak6s0ofhVLZJwyaqX83UhxpPY4COxlhM9TL3lT8z+skJrz2UybixFBB5ofChCMj0fTvqM8UJYaPLcFEMZsVkSFWmBjb0MKVp3nUgi3GW65hlTQrZe+i7N1dlqqVrKI8nMApnIMHV1CFW6hBAwiM4AVe4c15dt6dD+dzPppzsp1jWIDz9QtM9pfO</latexit>
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◆�

<latexit sha1_base64="93l98/8C/7ZI/aa921/Ug98HtHQ="></latexit>

@� (ZT 2/A) = �@L ^ @L0 (ZT 2/A)
<latexit sha1_base64="U/6Uj0lTtQ3K2So4VBwu9L96dGI="></latexit>

A
<latexit sha1_base64="kd4idDWXtWndHvAjofKmt24idLQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeKF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5k2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVS95mWlXsvjKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPjwmMuA==</latexit>

~L
<latexit sha1_base64="zi2NOs3D/gyhCwgTyHcj0blSKAM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXAxsIigvmA5Ah7m7lkyd7esbsXCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47u5356g0jyWT2aaoB/RoeQhZ9RYqd2bIMseZv1yxa26C5B14uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4KzUSzUmlI3pELuWShqh9rPFuTNyYZUBCWNlSxqyUH9PZDTSehoFtjOiZqRXvbn4n9dNTXjrZ1wmqUHJlovCVBATk/nvZMAVMiOmllCmuL2VsBFVlBmbUMmG4K2+vE5atap3VfUeryv1Wh5HEc7gHC7Bgxuowz00oAkMxvAMr/DmJM6L8+58LFsLTj5zCn/gfP4AazOPkQ==</latexit>

~L0
<latexit sha1_base64="mscsj2uh3ZuWQClJNBhWVQXIdQM=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNoFe6ioGXAxsIigvmA5Ah7m0myZG/v3N0LhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCAWXBvX/XZya+sbm1v57cLO7t7+QfHwqKGjRDGss0hEqhVQjYJLrBtuBLZihTQMBDaD0e3Mb45RaR7JRzOJ0Q/pQPI+Z9RYqdUZI0vvp+fdYsktu3OQVeJlpAQZat3iV6cXsSREaZigWrc9NzZ+SpXhTOC00Ek0xpSN6ADblkoaovbT+b1TcmaVHulHypY0ZK7+nkhpqPUkDGxnSM1QL3sz8T+vnZj+jZ9yGScGJVss6ieCmIjMnic9rpAZMbGEMsXtrYQNqaLM2IgKNgRv+eVV0qiUvcuy93BVqlayOPJwAqdwAR5cQxXuoAZ1YCDgGV7hzXlyXpx352PRmnOymWP4A+fzB84dj8I=</latexit>

ZT 2
<latexit sha1_base64="v5ICsr0v49x01ZyKUtNJCDTkf/c=">AAACAnicbVDLTgIxFL2DL8QX6tJNIzFxRWbQRJckblxiwivCSDqlAw2ddtJ2jGTCzh9wq3/gzrj1R/wBv8MCsxDwJE1Ozrk39/QEMWfauO63k1tb39jcym8Xdnb39g+Kh0dNLRNFaINILlU7wJpyJmjDMMNpO1YURwGnrWB0M/Vbj1RpJkXdjGPqR3ggWMgINlZq3ffS+kNl0iuW3LI7A1olXkZKkKHWK/50+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tNZ3Ak6s0ofhVLZJwyaqX83UhxpPY4COxlhM9TL3lT8z+skJrz2UybixFBB5ofChCMj0fTvqM8UJYaPLcFEMZsVkSFWmBjb0MKVp3nUgi3GW65hlTQrZe+i7N1dlqqVrKI8nMApnIMHV1CFW6hBAwiM4AVe4c15dt6dD+dzPppzsp1jWIDz9QtM9pfO</latexit>

D?
<latexit sha1_base64="5vIkKFKxaWbyVlbb/H1Qggjhg4U=">AAACAnicbVDLSgMxFL1TX7W+qi7dDBbBVZmpgi4LunBZwT6gHUomvdOGZjIhyYildOcPuNU/cCdu/RF/wO8wbWdhWw8EDufcyz05oeRMG8/7dnJr6xubW/ntws7u3v5B8fCooZNUUazThCeqFRKNnAmsG2Y4tqRCEoccm+HwZuo3H1FplogHM5IYxKQvWMQoMVZq3nY7EpXsFkte2ZvBXSV+RkqQodYt/nR6CU1jFIZyonXb96QJxkQZRjlOCp1UoyR0SPrYtlSQGHUwnsWduGdW6blRouwTxp2pfzfGJNZ6FId2MiZmoJe9qfif105NdB2MmZCpQUHnh6KUuyZxp393e0whNXxkCaGK2awuHRBFqLENLVx5mkct2GL85RpWSaNS9i/K/v1lqVrJKsrDCZzCOfhwBVW4gxrUgcIQXuAV3pxn5935cD7nozkn2zmGBThfv4Ewl+8=</latexit>

[Cardy]	

[Aharony,	Datta,	Giveon,		
Jiang,	Kutasov]	

[Cavaglia,	Negro,	Szecsenyi,	
Tateo]	
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◆

<latexit sha1_base64="AN0/ui/nq3jPxLgGI2K2+9HfUks="></latexit>



S-matrix	approach	
Dressing	phase	for	the	S-matrix:	
•  Scattering	on	the	worldsheet	of	the	NG	string	is	an	integrable	theory:	

	
	
	
Gravitational	phase	shift.	For													healthy	theory,	likely	no	local	observables.	
Superluminarity	for												,	but	S-matrix	is	well-defined	(though	not	polynomially	
bounded).		

Ŝ2!2(s) = exp

✓
i
`2s
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◆
, �t =

`2s
2
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<latexit sha1_base64="RKMQHaRXNSLZBVN3KOaMV4P4wgs="></latexit>

� < 0
<latexit sha1_base64="TDGCx/k/lHbcvviWFuBpZ8A8Bd4=">AAACBHicbVDLSgMxFL3js9ZX1aWbYBFclZkq6MJFwY3LCvYh7VAymUwbmmSGJCOWoVt/wK3+gTtx63/4A36HaTsL23ogcDjnXu7JCRLOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWcKkIbJOaxagdYU84kbRhmOG0nimIRcNoKhjcTv/VIlWaxvDejhPoC9yWLGMHGSg9dbkdDfO32SmW34k6BlomXkzLkqPdKP90wJqmg0hCOte54bmL8DCvDCKfjYjfVNMFkiPu0Y6nEgmo/mwYeo1OrhCiKlX3SoKn6dyPDQuuRCOykwGagF72J+J/XSU105WdMJqmhkswORSlHJkaT36OQKUoMH1mCiWI2KyIDrDAxtqO5K0+zqEVbjLdYwzJpViveecW7uyjXqnlFBTiGEzgDDy6hBrdQhwYQEPACr/DmPDvvzofzORtdcfKdI5iD8/ULiQ+Ydg==</latexit>

� > 0
<latexit sha1_base64="PaIbWWymI0pRusljq79sZfWOmT4=">AAACBHicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EoKblxWsA9ph5LJZNrQJDMkGbEM3foDbvUP3Ilb/8Mf8DtM21nY1gOBwzn3ck9OkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rUeqNIvlvRkl1Be4L1nECDZWeuhyOxria7dXKrsVdwq0TLyclCFHvVf66YYxSQWVhnCsdcdzE+NnWBlGOB0Xu6mmCSZD3KcdSyUWVPvZNPAYnVolRFGs7JMGTdW/GxkWWo9EYCcFNgO96E3E/7xOaqIrP2MySQ2VZHYoSjkyMZr8HoVMUWL4yBJMFLNZERlghYmxHc1deZpFLdpivMUalkmzWvHOK97dRblWzSsqwDGcwBl4cAk1uIU6NICAgBd4hTfn2Xl3PpzP2eiKk+8cwRycr1+MQZh4</latexit>

[Dubovsky,	Flauger,	
Gorbenko]	

[Cooper,	Dubovsky,	
Mohsen]	



S-matrix	approach	
Dressing	phase	for	the	S-matrix:	
•  Scattering	on	the	worldsheet	of	the	NG	string	is	an	integrable	theory:	

	
	
	
Gravitational	phase	shift.	For													healthy	theory,	likely	no	local	observables.	
Superluminarity	for												,	but	S-matrix	is	well-defined	(though	not	polynomially	
bounded).		

•  S-matrix	dressing	in	generic	2d	theory:	
	
	
	
	
Unitary,	crossing	symmetric,	analytic	S-matrix.	
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S-matrix	approach	
Dressing	phase	for	the	S-matrix:	
•  Scattering	on	the	worldsheet	of	the	NG	string	is	an	integrable	theory:	

	
	
	
Gravitational	phase	shift.	For													healthy	theory,	likely	no	local	observables.	
Superluminarity	for												,	but	S-matrix	is	well-defined	(though	not	polynomially	
bounded).		

•  S-matrix	dressing	in	generic	2d	theory:	
	
	
	
	
Unitary,	crossing	symmetric,	analytic	S-matrix.	

•  In	the	integrable	case	can	go	between	spectrum	and	S-matrix	using	TBA.		
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JT	gravity	approach	
Coupling	matter	to	flat	space	JT	gravity:	
•  Vacuum	of	the	theory:	
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JT	gravity	approach	
Coupling	matter	to	flat	space	JT	gravity:	
•  Vacuum	of	the	theory:	

	
	

•  Introduce	dynamical	coordinates:	
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JT	gravity	approach	
Coupling	matter	to	flat	space	JT	gravity:	
•  Vacuum	of	the	theory:	

	
	

•  Introduce	dynamical	coordinates:	
	
	
	
	

•  Dressing	of	creation	operators	
	
	
leads	to	dressed	S-matrix.	
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JT	gravity	approach	
Coupling	matter	to	flat	space	JT	gravity:	
•  Vacuum	of	the	theory:	

	
	

•  Introduce	dynamical	coordinates:	
	
	
	
	

•  Dressing	of	creation	operators	
	
	
leads	to	dressed	S-matrix.	
	

•  The	S-matrix	can	be	understood	as	the	flat	space	limit	of	AdS	JT	gravity	boundary	
correlators.	The									are	analogs	of	the	reparametrization	mode	of	SYK.	
	

•  										can	be	reproduced,	but	to	get	measure	right,	need	to	use	first	order	formalism.																
						needs	to	have	torus	topology.	
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JT	gravity	approach	
Coupling	matter	to	flat	space	JT	gravity:	
	
•  Constructing	Lagrangians	and	conserved	charges	using	dynamical	coordinates	

	
	

•  Conserved	charges	
	
	
	
	
	
	
Provides	explicit	expressions	with	little	effort,	provides	hints	at	generalizations.	
	

•  Mapping	of	solutions,	Lax	pair	for									-	deformed	sine-Gordon	model.	
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AdS/CFT	approach	
The	analogy	with	SYK	makes	it	natural	to	expect	a	relation	with	AdS3	with	a	finite	cutoff.	 [McGough,	MM,	Verlinde]	
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AdS/CFT	approach	
The	analogy	with	SYK	makes	it	natural	to	expect	a	relation	with	AdS3	with	a	finite	cutoff.	
•  BTZ	black	holes	geometry	

	
	
	
	
	
Quasilocal	energy	
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AdS/CFT	approach	
The	analogy	with	SYK	makes	it	natural	to	expect	a	relation	with	AdS3	with	a	finite	cutoff.	
•  BTZ	black	holes	geometry	

	
	
	
	
	
Quasilocal	energy	
	
	
	
	
	
	

•  Superluminality	–	boundary	gravitons	propagate	along	
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AdS/CFT	approach	
The	analogy	with	SYK	makes	it	natural	to	expect	a	relation	with	AdS3	with	a	finite	cutoff.	
•  Finite	number	of	states	–	the	largest	black	hole	that	fits	inside	

the	cutoff	has	finite	entropy.	
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AdS/CFT	approach	
The	analogy	with	SYK	makes	it	natural	to	expect	a	relation	with	AdS3	with	a	finite	cutoff.	
•  Holographic	RG	can	be	rewritten	in	the	form	

	
	
Flow	equation:	
	
	
	
	
	
Follows	from	large-N	factorization	for	the									theory.		
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AdS/CFT	approach	
The	analogy	with	SYK	makes	it	natural	to	expect	a	relation	with	AdS3	with	a	finite	cutoff.	
•  Holographic	RG	can	be	rewritten	in	the	form	

	
	
Flow	equation:	
	
	
	
	
	
Follows	from	large-N	factorization	for	the									theory.		
	

•  Match	between	perturbative	computations	of	correlation	functions	and	EE	between	bulk	
and	boundary.	dS2	EE	matched	to	Ryu-Takayanagi.	
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<latexit sha1_base64="O5u3JuWDsDdKp1/ErQtr9ZnU/qc="></latexit>

[McGough,	MM,	Verlinde]	

[Kraus,	Liu,	Marolf;	
Aharony,	Vaknin;	
Chakraborty	et	al.;	
Chen	et	al.;	Sun,	Sun]	

[Shyam;	Taylor;	Hartman,		
Kruthoff,	Shaghoulian,	
Tajdini]	

[Donnelly,	Shyam]	



AdS/CFT	approach	
The	analogy	with	SYK	makes	it	natural	to	expect	a	relation	with	AdS3	with	a	finite	cutoff.	
•  Holographic	RG	can	be	rewritten	in	the	form	

	
	
Flow	equation:	
	
	
	
	
	
Follows	from	large-N	factorization	for	the									theory.		
	

•  Match	between	perturbative	computations	of	correlation	functions	and	EE	between	bulk	
and	boundary.	dS2	EE	matched	to	Ryu-Takayanagi.	
	

•  Deviations	from									upon	including	matter	fields.	[Guica’s	talk]	Pure	gravity	story	provides	
compelling	interpretations	of	some	features	of										deformed	theories.	
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[McGough,	MM,	Verlinde]	

[Kraus,	Liu,	Marolf;	
Aharony,	Vaknin;	
Chakraborty	et	al.;	
Chen	et	al.;	Sun,	Sun]	

[Shyam;	Taylor;	Hartman,		
Kruthoff,	Shaghoulian,	
Tajdini]	

[Kraus,	Liu,	Marolf;	
Hartman,	Kruthoff,	
Shaghoulian,	Tajdini;	
Guica,	Monten]	

[Donnelly,	Shyam]	



Different	formulations	
• 	QFT	approach	
• 	JT	gravity	
• 	Holography	

Open	questions	

Outline	

Irrelevant	deformation	
of	2d	QFT		

? AdS3	gravity	with	a	finite	
cutoff		
	
	
	
	

2d	LST	
	
	
	

Generalizations	
• 	Higher	dimensions	
• 	Single	trace	
• 	Related	deformations	



Holographic	generalizations	
Holographic	generalizations:	
•  Rewrite	holographic	RG	in	terms	of	field	theory.	Using	large-N	factorization	match	

between	field	theory	and	gravity.	
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[Taylor;	Hartman,		
Kruthoff,	Shaghoulian,	
Tajdini;	Shyam;	Caputa,	
Datta,	Shyam]	



Holographic	generalizations	
Holographic	generalizations:	
•  Rewrite	holographic	RG	in	terms	of	field	theory.	Using	large-N	factorization	match	

between	field	theory	and	gravity.	
	
	
	
	
	
	

•  For														Hagedorn	growth	from	Cardy	growth	
of	the	density	of	states:	
	
	
	
	
	
Can	be	anticipated	from	Nambu-Goto.	
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[Taylor;	Hartman,		
Kruthoff,	Shaghoulian,	
Tajdini;	Shyam;	Caputa,	
Datta,	Shyam]	

[Dubovsky,	Flauger,	
Gorbenko;	Giveon,	Itzhaki,	
Kutasov]	



Holographic	generalizations	
Holographic	generalizations:	
•  Black	holes	in	linear	dilaton	backgrounds	produce	this	density	of	states,									deformed	

theories	share	features	of	2d	Little	String	Theories.	
T T̄
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[Giveon,	Itzhaki,	Kutasov]	



Holographic	generalizations	
Holographic	generalizations:	
•  Black	holes	in	linear	dilaton	backgrounds	produce	this	density	of	states,									deformed	

theories	share	features	of	2d	Little	String	Theories.	
•  Explicit	construction:																																			worldsheet	theory	contains	an																			WZW	

model,	can	deform	by	the	marginal																		,	corresponds	to	a	dimension	4	irrelevant	
single	trace	operator	in	the	dual	CFT.		
	
	
	
	
	
	
	
												linear	dilaton	background	asymptotically.															CTC’s	at	finite				.		

AdS3 ⇥ S3 ⇥ T 4
<latexit sha1_base64="fgovz3da2uIqS+l6pS9h2yL+Tvo=">AAACGHicbVDLSgMxFM3UV62vUZfdBIvgqsy0BV1W3Lis9Al9DJlMpg3NZIYkI5ahC3/DH3Crf+BO3LrzB/wO03YQ23ogcDjnXs7NcSNGpbKsLyOzsbm1vZPdze3tHxwemccnLRnGApMmDlkoOi6ShFFOmooqRjqRIChwGWm745uZ374nQtKQN9QkIv0ADTn1KUZKS46Zv/bqThn2FA2IhPXBL20MKo5ZsIrWHHCd2CkpgBQ1x/zueSGOA8IVZkjKrm1Fqp8goShmZJrrxZJECI/RkHQ15UgH9ZP5J6bwXCse9EOhH1dwrv7dSFAg5SRw9WSA1EiuejPxP68bK/+qn1AexYpwvAjyYwZVCGeNQI8KghWbaIKwoPpWiEdIIKx0b0spD4tTc7oYe7WGddIqFe1y0b6rFKqltKIsyIMzcAFscAmq4BbUQBNg8AiewQt4NZ6MN+Pd+FiMZox05xQswfj8AQfRnwI=</latexit>

SL(2,R)
<latexit sha1_base64="yXMpFBeUZeumbLvmhm17wRMWs44=">AAACDXicbVDLSsNAFL2pr1pfUZdugkWoICWpgi4Lbly4qI8+oA1lMp20QyeTMDMpltBv8Afc6h+4E7d+gz/gdzhps7CtBy4czrmXezhexKhUtv1t5FZW19Y38puFre2d3T1z/6Ahw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW94nfrNERGShvxRjSPiBqjPqU8xUlrqmubDbaly1gmQGnhecj857ZpFu2xPYS0TJyNFyFDrmj+dXojjgHCFGZKy7diRchMkFMWMTAqdWJII4SHqk7amHAVEusk0+cQ60UrP8kOhhytrqv69SFAg5Tjw9GYaUS56qfif146Vf+UmlEexIhzPHvkxs1RopTVYPSoIVmysCcKC6qwWHiCBsNJlzX15mkUt6GKcxRqWSaNSds7Lzt1FsVrJKsrDERxDCRy4hCrcQA3qgGEEL/AKb8az8W58GJ+z1ZyR3RzCHIyvX6lFmyY=</latexit>

� J�J̄�
<latexit sha1_base64="Zu2hmFh0LmEB8CT0VmMaPn0T4zQ=">AAACFXicbVDLSsNAFJ3UV62vqBvBzWARXNiSVEGXBTfSVQX7gCYtk8mkHTqZhJmJWEL9DX/Arf6BO3Hr2h/wO5y2WdjWAwOHc87l3jlezKhUlvVt5FZW19Y38puFre2d3T1z/6Apo0Rg0sARi0TbQ5IwyklDUcVIOxYEhR4jLW94M/FbD0RIGvF7NYqJG6I+pwHFSGmpZx45TId9BJ1zWOuWoOMhkdbG3VLPLFplawq4TOyMFEGGes/8cfwIJyHhCjMkZce2YuWmSCiKGRkXnESSGOEh6pOOphyFRLrp9AdjeKoVHwaR0I8rOFX/TqQolHIUejoZIjWQi95E/M/rJCq4dlPK40QRjmeLgoRBFcFJHdCngmDFRpogLKi+FeIBEggrXdrclsfZqQVdjL1YwzJpVsr2Rdm+uyxWK1lFeXAMTsAZsMEVqIJbUAcNgMETeAGv4M14Nt6ND+NzFs0Z2cwhmIPx9Qv05p3s</latexit>

� < 0
<latexit sha1_base64="TDGCx/k/lHbcvviWFuBpZ8A8Bd4=">AAACBHicbVDLSgMxFL3js9ZX1aWbYBFclZkq6MJFwY3LCvYh7VAymUwbmmSGJCOWoVt/wK3+gTtx63/4A36HaTsL23ogcDjnXu7JCRLOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWcKkIbJOaxagdYU84kbRhmOG0nimIRcNoKhjcTv/VIlWaxvDejhPoC9yWLGMHGSg9dbkdDfO32SmW34k6BlomXkzLkqPdKP90wJqmg0hCOte54bmL8DCvDCKfjYjfVNMFkiPu0Y6nEgmo/mwYeo1OrhCiKlX3SoKn6dyPDQuuRCOykwGagF72J+J/XSU105WdMJqmhkswORSlHJkaT36OQKUoMH1mCiWI2KyIDrDAxtqO5K0+zqEVbjLdYwzJpViveecW7uyjXqnlFBTiGEzgDDy6hBrdQhwYQEPACr/DmPDvvzofzORtdcfKdI5iD8/ULiQ+Ydg==</latexit>

� > 0
<latexit sha1_base64="PaIbWWymI0pRusljq79sZfWOmT4=">AAACBHicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EoKblxWsA9ph5LJZNrQJDMkGbEM3foDbvUP3Ilb/8Mf8DtM21nY1gOBwzn3ck9OkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rUeqNIvlvRkl1Be4L1nECDZWeuhyOxria7dXKrsVdwq0TLyclCFHvVf66YYxSQWVhnCsdcdzE+NnWBlGOB0Xu6mmCSZD3KcdSyUWVPvZNPAYnVolRFGs7JMGTdW/GxkWWo9EYCcFNgO96E3E/7xOaqIrP2MySQ2VZHYoSjkyMZr8HoVMUWL4yBJMFLNZERlghYmxHc1deZpFLdpivMUalkmzWvHOK97dRblWzSsqwDGcwBl4cAk1uIU6NICAgBd4hTfn2Xl3PpzP2eiKk+8cwRycr1+MQZh4</latexit>

⇢
<latexit sha1_base64="bMZp1yCzBcdnsWWb5FlWVftB5CE=">AAAB/3icbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLgxmUF+4B2KJk00wnNJEOSEcvQhT/gVv/Anbj1U/wBv8NMOwvbeiBwOOde7skJEs60cd1vZ219Y3Nru7RT3t3bPzisHB23tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxbe53HqnSTIoHM0moH+ORYCEj2ORSX0VyUKm6NXcGtEq8glShQHNQ+ekPJUljKgzhWOue5ybGz7AyjHA6LfdTTRNMxnhEe5YKHFPtZ7OsU3RulSEKpbJPGDRT/25kONZ6Egd2MsYm0steLv7n9VIT3vgZE0lqqCDzQ2HKkZEo/zgaMkWJ4RNLMFHMZkUkwgoTY+tZuPI0j1q2xXjLNaySdr3mXda8+6tqo15UVIJTOIML8OAaGnAHTWgBgQhe4BXenGfn3flwPueja06xcwILcL5+AVnrlsA=</latexit>

ds2 = k

✓
d⇢2 +

dzdz̄

e�2⇢ + �/⇡

◆

e2' = g2s
1

1 + � e2⇢/⇡

Bzz̄ =
k/2

e�2⇢ + �/⇡
<latexit sha1_base64="T4sqjIeC0bGh0mDK7H3U8XIdIx4="></latexit>

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

AdS	 linear	dilaton	

[Giveon,	Itzhaki,	Kutasov]	

[Giveon,	Itzhaki,	Kutasov;	
Asrat,	Giveon,	Itzhaki,	
Kutasov;	Giribet;		
Chakraborty,	Giveon,	
Kutasov;	Apolo,	Song;	
Araujo,	Colgain,	Sakatani,	
Sheikh-Jabbari,	Yavartanoo]	



Holographic	generalizations	
Holographic	generalizations:	
•  Black	holes	in	linear	dilaton	backgrounds	produce	this	density	of	states,									deformed	

theories	share	features	of	2d	Little	String	Theories.	
•  Explicit	construction:																																			worldsheet	theory	contains	an																			WZW	

model,	can	deform	by	the	marginal																		,	corresponds	to	a	dimension	4	irrelevant	
single	trace	operator	in	the	dual	CFT.		
	
	
	
	
	
	
	
												linear	dilaton	background	asymptotically.															CTC’s	at	finite				.		

•  The	dual	CFT	is	of	the	form																			[Eberhardt’s	talk],		deformed	long	string	spectrum	
reproduced	by	the	single	trace	deformation:	
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SL(2,R)
<latexit sha1_base64="yXMpFBeUZeumbLvmhm17wRMWs44=">AAACDXicbVDLSsNAFL2pr1pfUZdugkWoICWpgi4Lbly4qI8+oA1lMp20QyeTMDMpltBv8Afc6h+4E7d+gz/gdzhps7CtBy4czrmXezhexKhUtv1t5FZW19Y38puFre2d3T1z/6Ahw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW94nfrNERGShvxRjSPiBqjPqU8xUlrqmubDbaly1gmQGnhecj857ZpFu2xPYS0TJyNFyFDrmj+dXojjgHCFGZKy7diRchMkFMWMTAqdWJII4SHqk7amHAVEusk0+cQ60UrP8kOhhytrqv69SFAg5Tjw9GYaUS56qfif146Vf+UmlEexIhzPHvkxs1RopTVYPSoIVmysCcKC6qwWHiCBsNJlzX15mkUt6GKcxRqWSaNSds7Lzt1FsVrJKsrDERxDCRy4hCrcQA3qgGEEL/AKb8az8W58GJ+z1ZyR3RzCHIyvX6lFmyY=</latexit>

� J�J̄�
<latexit sha1_base64="Zu2hmFh0LmEB8CT0VmMaPn0T4zQ=">AAACFXicbVDLSsNAFJ3UV62vqBvBzWARXNiSVEGXBTfSVQX7gCYtk8mkHTqZhJmJWEL9DX/Arf6BO3Hr2h/wO5y2WdjWAwOHc87l3jlezKhUlvVt5FZW19Y38puFre2d3T1z/6Apo0Rg0sARi0TbQ5IwyklDUcVIOxYEhR4jLW94M/FbD0RIGvF7NYqJG6I+pwHFSGmpZx45TId9BJ1zWOuWoOMhkdbG3VLPLFplawq4TOyMFEGGes/8cfwIJyHhCjMkZce2YuWmSCiKGRkXnESSGOEh6pOOphyFRLrp9AdjeKoVHwaR0I8rOFX/TqQolHIUejoZIjWQi95E/M/rJCq4dlPK40QRjmeLgoRBFcFJHdCngmDFRpogLKi+FeIBEggrXdrclsfZqQVdjL1YwzJpVsr2Rdm+uyxWK1lFeXAMTsAZsMEVqIJbUAcNgMETeAGv4M14Nt6ND+NzFs0Z2cwhmIPx9Qv05p3s</latexit>

� < 0
<latexit sha1_base64="TDGCx/k/lHbcvviWFuBpZ8A8Bd4=">AAACBHicbVDLSgMxFL3js9ZX1aWbYBFclZkq6MJFwY3LCvYh7VAymUwbmmSGJCOWoVt/wK3+gTtx63/4A36HaTsL23ogcDjnXu7JCRLOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWcKkIbJOaxagdYU84kbRhmOG0nimIRcNoKhjcTv/VIlWaxvDejhPoC9yWLGMHGSg9dbkdDfO32SmW34k6BlomXkzLkqPdKP90wJqmg0hCOte54bmL8DCvDCKfjYjfVNMFkiPu0Y6nEgmo/mwYeo1OrhCiKlX3SoKn6dyPDQuuRCOykwGagF72J+J/XSU105WdMJqmhkswORSlHJkaT36OQKUoMH1mCiWI2KyIDrDAxtqO5K0+zqEVbjLdYwzJpViveecW7uyjXqnlFBTiGEzgDDy6hBrdQhwYQEPACr/DmPDvvzofzORtdcfKdI5iD8/ULiQ+Ydg==</latexit>

� > 0
<latexit sha1_base64="PaIbWWymI0pRusljq79sZfWOmT4=">AAACBHicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EoKblxWsA9ph5LJZNrQJDMkGbEM3foDbvUP3Ilb/8Mf8DtM21nY1gOBwzn3ck9OkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJn4rUeqNIvlvRkl1Be4L1nECDZWeuhyOxria7dXKrsVdwq0TLyclCFHvVf66YYxSQWVhnCsdcdzE+NnWBlGOB0Xu6mmCSZD3KcdSyUWVPvZNPAYnVolRFGs7JMGTdW/GxkWWo9EYCcFNgO96E3E/7xOaqIrP2MySQ2VZHYoSjkyMZr8HoVMUWL4yBJMFLNZERlghYmxHc1deZpFLdpivMUalkmzWvHOK97dRblWzSsqwDGcwBl4cAk1uIU6NICAgBd4hTfn2Xl3PpzP2eiKk+8cwRycr1+MQZh4</latexit>

⇢
<latexit sha1_base64="bMZp1yCzBcdnsWWb5FlWVftB5CE=">AAAB/3icbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLgxmUF+4B2KJk00wnNJEOSEcvQhT/gVv/Anbj1U/wBv8NMOwvbeiBwOOde7skJEs60cd1vZ219Y3Nru7RT3t3bPzisHB23tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxbe53HqnSTIoHM0moH+ORYCEj2ORSX0VyUKm6NXcGtEq8glShQHNQ+ekPJUljKgzhWOue5ybGz7AyjHA6LfdTTRNMxnhEe5YKHFPtZ7OsU3RulSEKpbJPGDRT/25kONZ6Egd2MsYm0steLv7n9VIT3vgZE0lqqCDzQ2HKkZEo/zgaMkWJ4RNLMFHMZkUkwgoTY+tZuPI0j1q2xXjLNaySdr3mXda8+6tqo15UVIJTOIML8OAaGnAHTWgBgQhe4BXenGfn3flwPueja06xcwILcL5+AVnrlsA=</latexit>

�
pX

i=1

Ti T̄i

<latexit sha1_base64="4pkx9Cc/yq4JWLgDwJjq8TEjFAY=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4kDJTBd0IBTcuK/QFnXHIZDJtaJIZkoxYhn6Av+EPuNU/cCcu9QP8DtN2Frb1QOBwzrncmxMkjCpt219WYWV1bX2juFna2t7Z3SvvH7RVnEpMWjhmsewGSBFGBWlpqhnpJpIgHjDSCYY3E7/zQKSisWjqUUI8jvqCRhQjbSS/XHGZCYcIuirlfkavnfF90vQpdM/cAMmsOfapSdlVewq4TJycVECOhl/+ccMYp5wIjRlSqufYifYyJDXFjIxLbqpIgvAQ9UnPUIE4UV42/cwYnhglhFEszRMaTtW/ExniSo14YJIc6YFa9Cbif14v1dGVl1GRpJoIPFsUpQzqGE6agSGVBGs2MgRhSc2tEA+QRFib/ua2PM5OLZlinMUalkm7VnXOq87dRaVeyysqgiNwDE6BAy5BHdyCBmgBDJ7AC3gFb9az9W59WJ+zaMHKZw7BHKzvXzQio3U=</latexit>

ds2 = k

✓
d⇢2 +

dzdz̄

e�2⇢ + �/⇡

◆

e2' = g2s
1

1 + � e2⇢/⇡

Bzz̄ =
k/2

e�2⇢ + �/⇡
<latexit sha1_base64="T4sqjIeC0bGh0mDK7H3U8XIdIx4="></latexit>

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

AdS	 linear	dilaton	

[Giveon,	Itzhaki,	Kutasov]	

[Giveon,	Itzhaki,	Kutasov;	
Asrat,	Giveon,	Itzhaki,	
Kutasov;	Giribet;		
Chakraborty,	Giveon,	
Kutasov;	Apolo,	Song;	
Araujo,	Colgain,	Sakatani,	
Sheikh-Jabbari,	Yavartanoo]	

MN/SN
<latexit sha1_base64="mOYm9xMBCK+mE16UwauuXCkNMfU=">AAACCXicbVBLSgNBFHzjN8Zf1KWbxiC4kDgTBV0G3LgxRDQfSCahp9OTNOnpGbp7xDDkBF7Ard7Anbj1FF7Ac9hJZmESCx4UVe/xivIizpS27W9raXlldW09s5Hd3Nre2c3t7ddUGEtCqyTkoWx4WFHOBK1qpjltRJLiwOO07g2ux379kUrFQvGghxF1A9wTzGcEayO1kxbBHN2O2uWz+065k8vbBXsCtEiclOQhRaWT+2l1QxIHVGjCsVJNx460m2CpGeF0lG3FikaYDHCPNg0VOKDKTSapR+jYKF3kh9KM0Gii/r1IcKDUMPDMZoB1X817Y/E/rxlr/8pNmIhiTQWZPvJjjnSIxhWgLpOUaD40BBPJTFZE+lhiok1RM1+eplGzphhnvoZFUisWnPNC8e4iXzpNK8rAIRzBCThwCSW4gQpUgYCEF3iFN+vZerc+rM/p6pKV3hzADKyvX+/mmkY=</latexit>

[Giveon,	Itzhaki,	Kutasov]	

[Eberhardt,	Gaberdiel]	



Related	deformations	
There	exist	many	factorizing	quadratic	operators,	can	deform	by	them,	the	deformed	theory	
preserves	many	symmetries.		
•  Factorizing	operators	

	
	

•  To	derive	equation	for	spectrum,	need	to	know	matrix	elements																					.	

O = ✏abJ (1)
a J (2)

b
<latexit sha1_base64="5c8sTNKxRiYXpGAzPv8MH4LlJvk="></latexit>

hn|J (I)
a |ni

<latexit sha1_base64="jLY+dBZWUBFyRfs8oxv149EvkTQ=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VoNyWpgi4LbtRVBfuAJobJdNoOnUzCzEQsod/gb/gDbvUP3Im4c+V3OE2ysK0HBg7nnMu9c/yIUaks68sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/vhy5nceiJA05HdqEhE3QENOBxQjpSXPrDoM8SEjkENH5xS88RI0vU8q19VpJnBHpAnPLFs1KwVcJnZOyiBH0zN/nH6I44BwhRmSsmdbkXITJBTFjExLTixJhPAYDUlPU44CIt0k/dIUnmilDweh0I8rmKp/JxIUSDkJfJ0MkBrJRW8m/uf1YjW4cBPKo1gRjrNFg5hBFcJZP7BPBcGKTTRBWFB9K8QjJBBWusW5LY/ZqSVdjL1YwzJp12v2ac2+PSs36nlFRXAEjkEF2OAcNMAVaIIWwOAJvIBX8GY8G+/Gh/GZRQtGPnMI5mB8/wLuiqXq</latexit>

[Smirnov,	Zamolodchikov]	



Related	deformations	
There	exist	many	factorizing	quadratic	operators,	can	deform	by	them,	the	deformed	theory	
preserves	many	symmetries.		
•  Factorizing	operators	

	
	

•  To	derive	equation	for	spectrum,	need	to	know	matrix	elements																					.	
•  For	the	Lorentz	breaking									deformation	the	current	remains	holomorphic,	can	be	used	

to	fix																				.	Holographic	dual:	[Guica’s	talk]	

O = ✏abJ (1)
a J (2)

b
<latexit sha1_base64="5c8sTNKxRiYXpGAzPv8MH4LlJvk="></latexit>

hn|J (I)
a |ni

<latexit sha1_base64="jLY+dBZWUBFyRfs8oxv149EvkTQ=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VoNyWpgi4LbtRVBfuAJobJdNoOnUzCzEQsod/gb/gDbvUP3Im4c+V3OE2ysK0HBg7nnMu9c/yIUaks68sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/vhy5nceiJA05HdqEhE3QENOBxQjpSXPrDoM8SEjkENH5xS88RI0vU8q19VpJnBHpAnPLFs1KwVcJnZOyiBH0zN/nH6I44BwhRmSsmdbkXITJBTFjExLTixJhPAYDUlPU44CIt0k/dIUnmilDweh0I8rmKp/JxIUSDkJfJ0MkBrJRW8m/uf1YjW4cBPKo1gRjrNFg5hBFcJZP7BPBcGKTTRBWFB9K8QjJBBWusW5LY/ZqSVdjL1YwzJp12v2ac2+PSs36nlFRXAEjkEF2OAcNMAVaIIWwOAJvIBX8GY8G+/Gh/GZRQtGPnMI5mB8/wLuiqXq</latexit>

JT̄
<latexit sha1_base64="+uCvu0L9hTZ3EfnjLR+FO2sLooc=">AAACBHicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZcFN+KqQl/SDiWTZtrQJDMkGbEM3foDbvUP3Ilb/8Mf8DtM21nY1gOBwzn3ck9OEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsY3Uz91iNVmkWybsYx9QUeSBYygo2VHu5QN8AqrU96xZJbdmdAq8TLSAky1HrFn24/Iomg0hCOte54bmz8FCvDCKeTQjfRNMZkhAe0Y6nEgmo/nQWeoDOr9FEYKfukQTP170aKhdZjEdhJgc1QL3tT8T+vk5jw2k+ZjBNDJZkfChOOTISmv0d9pigxfGwJJorZrIgMscLE2I4WrjzNoxZsMd5yDaukWSl7F2Xv/rJUrWQV5eEETuEcPLiCKtxCDRpAQMALvMKb8+y8Ox/O53w052Q7x7AA5+sXtliYlA==</latexit>

hn|J (I)
a |ni

<latexit sha1_base64="jLY+dBZWUBFyRfs8oxv149EvkTQ=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VoNyWpgi4LbtRVBfuAJobJdNoOnUzCzEQsod/gb/gDbvUP3Im4c+V3OE2ysK0HBg7nnMu9c/yIUaks68sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/vhy5nceiJA05HdqEhE3QENOBxQjpSXPrDoM8SEjkENH5xS88RI0vU8q19VpJnBHpAnPLFs1KwVcJnZOyiBH0zN/nH6I44BwhRmSsmdbkXITJBTFjExLTixJhPAYDUlPU44CIt0k/dIUnmilDweh0I8rmKp/JxIUSDkJfJ0MkBrJRW8m/uf1YjW4cBPKo1gRjrNFg5hBFcJZP7BPBcGKTTRBWFB9K8QjJBBWusW5LY/ZqSVdjL1YwzJp12v2ac2+PSs36nlFRXAEjkEF2OAcNMAVaIIWwOAJvIBX8GY8G+/Gh/GZRQtGPnMI5mB8/wLuiqXq</latexit>

[Smirnov,	Zamolodchikov]	

[Guica;	Chakraborty,		
Giveon,	Kutasov]	



Related	deformations	
There	exist	many	factorizing	quadratic	operators,	can	deform	by	them,	the	deformed	theory	
preserves	many	symmetries.		
•  Factorizing	operators	

	
	

•  To	derive	equation	for	spectrum,	need	to	know	matrix	elements																					.	
•  For	the	Lorentz	breaking									deformation	the	current	remains	holomorphic,	can	be	used	

to	fix																				.	Holographic	dual:	[Guica’s	talk]	
•  By	turning	on	background	gauge	fields,	can	also	solve	any	composite	built	from																															

	 									starting		from	a	CFT	seed.	String	dual	of	single	trace	version	has	been	
constructed.		

O = ✏abJ (1)
a J (2)

b
<latexit sha1_base64="5c8sTNKxRiYXpGAzPv8MH4LlJvk="></latexit>

hn|J (I)
a |ni

<latexit sha1_base64="jLY+dBZWUBFyRfs8oxv149EvkTQ=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VoNyWpgi4LbtRVBfuAJobJdNoOnUzCzEQsod/gb/gDbvUP3Im4c+V3OE2ysK0HBg7nnMu9c/yIUaks68sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/vhy5nceiJA05HdqEhE3QENOBxQjpSXPrDoM8SEjkENH5xS88RI0vU8q19VpJnBHpAnPLFs1KwVcJnZOyiBH0zN/nH6I44BwhRmSsmdbkXITJBTFjExLTixJhPAYDUlPU44CIt0k/dIUnmilDweh0I8rmKp/JxIUSDkJfJ0MkBrJRW8m/uf1YjW4cBPKo1gRjrNFg5hBFcJZP7BPBcGKTTRBWFB9K8QjJBBWusW5LY/ZqSVdjL1YwzJp12v2ac2+PSs36nlFRXAEjkEF2OAcNMAVaIIWwOAJvIBX8GY8G+/Gh/GZRQtGPnMI5mB8/wLuiqXq</latexit>

JT̄
<latexit sha1_base64="+uCvu0L9hTZ3EfnjLR+FO2sLooc=">AAACBHicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZcFN+KqQl/SDiWTZtrQJDMkGbEM3foDbvUP3Ilb/8Mf8DtM21nY1gOBwzn3ck9OEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsY3Uz91iNVmkWybsYx9QUeSBYygo2VHu5QN8AqrU96xZJbdmdAq8TLSAky1HrFn24/Iomg0hCOte54bmz8FCvDCKeTQjfRNMZkhAe0Y6nEgmo/nQWeoDOr9FEYKfukQTP170aKhdZjEdhJgc1QL3tT8T+vk5jw2k+ZjBNDJZkfChOOTISmv0d9pigxfGwJJorZrIgMscLE2I4WrjzNoxZsMd5yDaukWSl7F2Xv/rJUrWQV5eEETuEcPLiCKtxCDRpAQMALvMKb8+y8Ox/O53w052Q7x7AA5+sXtliYlA==</latexit>

hn|J (I)
a |ni

<latexit sha1_base64="jLY+dBZWUBFyRfs8oxv149EvkTQ=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VoNyWpgi4LbtRVBfuAJobJdNoOnUzCzEQsod/gb/gDbvUP3Im4c+V3OE2ysK0HBg7nnMu9c/yIUaks68sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/vhy5nceiJA05HdqEhE3QENOBxQjpSXPrDoM8SEjkENH5xS88RI0vU8q19VpJnBHpAnPLFs1KwVcJnZOyiBH0zN/nH6I44BwhRmSsmdbkXITJBTFjExLTixJhPAYDUlPU44CIt0k/dIUnmilDweh0I8rmKp/JxIUSDkJfJ0MkBrJRW8m/uf1YjW4cBPKo1gRjrNFg5hBFcJZP7BPBcGKTTRBWFB9K8QjJBBWusW5LY/ZqSVdjL1YwzJp12v2ac2+PSs36nlFRXAEjkEF2OAcNMAVaIIWwOAJvIBX8GY8G+/Gh/GZRQtGPnMI5mB8/wLuiqXq</latexit>

Ja, J̄a, Tab
<latexit sha1_base64="E+Q9MSLLpzflqpn2XK1xFF0+k2k=">AAACF3icbVDLSgMxFM3UV62vUXe6CRbBRSkzVdBlwY10VaEvaMtwJ03b0ExmSDJiGQr+hj/gVv/Anbh16Q/4HaadLmzrgcC559zLvTl+xJnSjvNtZdbWNza3stu5nd29/QP78KihwlgSWichD2XLB0U5E7Sumea0FUkKgc9p0x/dTv3mA5WKhaKmxxHtBjAQrM8IaCN59knFg0KngDs+yKQySYual4A/8ey8U3RmwKvEnZM8mqPq2T+dXkjigApNOCjVdp1IdxOQmhFOJ7lOrGgEZAQD2jZUQEBVN5n9YYLPjdLD/VCaJzSeqX8nEgiUGge+6QxAD9WyNxX/89qx7t90EyaiWFNB0kX9mGMd4mkguMckJZqPDQEimbkVkyFIINrEtrDlMT01Z4Jxl2NYJY1S0b0suvdX+XJpHlEWnaIzdIFcdI3K6A5VUR0R9IRe0Ct6s56td+vD+kxbM9Z85hgtwPr6BanVnts=</latexit>

[Smirnov,	Zamolodchikov]	

[Guica;	Chakraborty,		
Giveon,	Kutasov]	

[Le	Floch,	MM]	

[Chakraborty,	Giveon,	
Kutasov]	



Related	deformations	
There	exist	many	factorizing	quadratic	operators,	can	deform	by	them,	the	deformed	theory	
preserves	many	symmetries.		
•  Factorizing	operators	

	
	

•  To	derive	equation	for	spectrum,	need	to	know	matrix	elements																					.	
•  For	the	Lorentz	breaking									deformation	the	current	remains	holomorphic,	can	be	used	

to	fix																				.	Holographic	dual:	[Guica’s	talk]	
•  By	turning	on	background	gauge	fields,	can	also	solve	any	composite	built	from																															

	 									starting		from	a	CFT	seed.	String	dual	of	single	trace	version	has	been	
constructed.		

•  It	would	be	very	interesting	to	solve	the																					deformations.	Super-Hagedorn	
behavior	is	found	in															deformed	theory:	
	
	

O = ✏abJ (1)
a J (2)

b
<latexit sha1_base64="5c8sTNKxRiYXpGAzPv8MH4LlJvk="></latexit>

hn|J (I)
a |ni

<latexit sha1_base64="jLY+dBZWUBFyRfs8oxv149EvkTQ=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VoNyWpgi4LbtRVBfuAJobJdNoOnUzCzEQsod/gb/gDbvUP3Im4c+V3OE2ysK0HBg7nnMu9c/yIUaks68sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/vhy5nceiJA05HdqEhE3QENOBxQjpSXPrDoM8SEjkENH5xS88RI0vU8q19VpJnBHpAnPLFs1KwVcJnZOyiBH0zN/nH6I44BwhRmSsmdbkXITJBTFjExLTixJhPAYDUlPU44CIt0k/dIUnmilDweh0I8rmKp/JxIUSDkJfJ0MkBrJRW8m/uf1YjW4cBPKo1gRjrNFg5hBFcJZP7BPBcGKTTRBWFB9K8QjJBBWusW5LY/ZqSVdjL1YwzJp12v2ac2+PSs36nlFRXAEjkEF2OAcNMAVaIIWwOAJvIBX8GY8G+/Gh/GZRQtGPnMI5mB8/wLuiqXq</latexit>

JT̄
<latexit sha1_base64="+uCvu0L9hTZ3EfnjLR+FO2sLooc=">AAACBHicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZcFN+KqQl/SDiWTZtrQJDMkGbEM3foDbvUP3Ilb/8Mf8DtM21nY1gOBwzn3ck9OEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsY3Uz91iNVmkWybsYx9QUeSBYygo2VHu5QN8AqrU96xZJbdmdAq8TLSAky1HrFn24/Iomg0hCOte54bmz8FCvDCKeTQjfRNMZkhAe0Y6nEgmo/nQWeoDOr9FEYKfukQTP170aKhdZjEdhJgc1QL3tT8T+vk5jw2k+ZjBNDJZkfChOOTISmv0d9pigxfGwJJorZrIgMscLE2I4WrjzNoxZsMd5yDaukWSl7F2Xv/rJUrWQV5eEETuEcPLiCKtxCDRpAQMALvMKb8+y8Ox/O53w052Q7x7AA5+sXtliYlA==</latexit>

hn|J (I)
a |ni

<latexit sha1_base64="jLY+dBZWUBFyRfs8oxv149EvkTQ=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VoNyWpgi4LbtRVBfuAJobJdNoOnUzCzEQsod/gb/gDbvUP3Im4c+V3OE2ysK0HBg7nnMu9c/yIUaks68sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/vhy5nceiJA05HdqEhE3QENOBxQjpSXPrDoM8SEjkENH5xS88RI0vU8q19VpJnBHpAnPLFs1KwVcJnZOyiBH0zN/nH6I44BwhRmSsmdbkXITJBTFjExLTixJhPAYDUlPU44CIt0k/dIUnmilDweh0I8rmKp/JxIUSDkJfJ0MkBrJRW8m/uf1YjW4cBPKo1gRjrNFg5hBFcJZP7BPBcGKTTRBWFB9K8QjJBBWusW5LY/ZqSVdjL1YwzJp12v2ac2+PSs36nlFRXAEjkEF2OAcNMAVaIIWwOAJvIBX8GY8G+/Gh/GZRQtGPnMI5mB8/wLuiqXq</latexit>

Ja, J̄a, Tab
<latexit sha1_base64="E+Q9MSLLpzflqpn2XK1xFF0+k2k=">AAACF3icbVDLSgMxFM3UV62vUXe6CRbBRSkzVdBlwY10VaEvaMtwJ03b0ExmSDJiGQr+hj/gVv/Anbh16Q/4HaadLmzrgcC559zLvTl+xJnSjvNtZdbWNza3stu5nd29/QP78KihwlgSWichD2XLB0U5E7Sumea0FUkKgc9p0x/dTv3mA5WKhaKmxxHtBjAQrM8IaCN59knFg0KngDs+yKQySYual4A/8ey8U3RmwKvEnZM8mqPq2T+dXkjigApNOCjVdp1IdxOQmhFOJ7lOrGgEZAQD2jZUQEBVN5n9YYLPjdLD/VCaJzSeqX8nEgiUGge+6QxAD9WyNxX/89qx7t90EyaiWFNB0kX9mGMd4mkguMckJZqPDQEimbkVkyFIINrEtrDlMT01Z4Jxl2NYJY1S0b0suvdX+XJpHlEWnaIzdIFcdI3K6A5VUR0R9IRe0Ct6s56td+vD+kxbM9Z85hgtwPr6BanVnts=</latexit>

[Smirnov,	Zamolodchikov]	

[Guica;	Chakraborty,		
Giveon,	Kutasov]	

[Le	Floch,	MM]	

[Chakraborty,	Giveon,	
Kutasov]	

Ts+1T̄s+1
<latexit sha1_base64="+LUIsX9vmtA+8f5vHXEYhTDmMIc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEQSlJFXRZcOOyQl/QhjCZTtqhk0mYmQg1BH/FjQtF3Pof7vwbp4+Fth64cOace5l7T5BwprTjfFuFldW19Y3iZmlre2d3z94/aKk4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GN1O/PYDlYrFoqHHCfUiPBAsZARrI/n2UcPP1Lmb9wIss0Y+e/h22ak4U6Bl4s5JGeao+/ZXrx+TNKJCE46V6rpOor0MS80Ip3mplyqaYDLCA9o1VOCIKi+bbp+jU6P0URhLU0Kjqfp7IsORUuMoMJ0R1kO16E3E/7xuqsMbL2MiSTUVZPZRmHKkYzSJAvWZpETzsSGYSGZ2RWSIJSbaBFYyIbiLJy+TVrXiXlaq91fl2sU8jiIcwwmcgQvXUIM7qEMTCDzCM7zCm/VkvVjv1sestWDNZw7hD6zPHwLMlN4=</latexit>

Ts+1T̄
<latexit sha1_base64="bnc5AybdtaFkQo9UDxodWgygmR0=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSIIStmtgh4LXjxW6Be0a8mm2TY0yS5JVinL/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY30799iNVmkWyYSYx9QUeShYygo2VHhr9VJ97WS/AKm1k/VLZrbgzoGXi5aQMOer90ldvEJFEUGkIx1p3PTc2foqVYYTTrNhLNI0xGeMh7VoqsaDaT2dXZ+jUKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMT3vgpk3FiqCTzRWHCkYnQNAI0YIoSwyeWYKKYvRWREVaYGBtU0YbgLb68TFrVindZqd5flWsXeRwFOIYTOAMPrqEGd1CHJhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8wdE1pJL</latexit>

[Le	Floch,	MM]	

⇢(E) ⇡ exp
⇣p

# c�E(s+1)/2
⌘

<latexit sha1_base64="7kat0RXOaEnIFUbQ+neiE0sojVc="></latexit>



Related	deformations	
There	exist	many	factorizing	quadratic	operators,	can	deform	by	them,	the	deformed	theory	
preserves	many	symmetries.		
•  Factorizing	operators	

	
	

•  To	derive	equation	for	spectrum,	need	to	know	matrix	elements																					.	
•  For	the	Lorentz	breaking									deformation	the	current	remains	holomorphic,	can	be	used	

to	fix																				.	Holographic	dual:	[Guica’s	talk]	
•  By	turning	on	background	gauge	fields,	can	also	solve	any	composite	built	from																															

	 									starting		from	a	CFT	seed.	String	dual	of	single	trace	version	has	been	
constructed.		

•  It	would	be	very	interesting	to	solve	the																					deformations.	Super-Hagedorn	
behavior	is	found	in															deformed	theory:	
	
	

•  In	dS/dS	correspondence	another	variant	is	important:	
	
	
Nontrivial	change	in	the	spectrum.	

O = ✏abJ (1)
a J (2)

b
<latexit sha1_base64="5c8sTNKxRiYXpGAzPv8MH4LlJvk="></latexit>

hn|J (I)
a |ni

<latexit sha1_base64="jLY+dBZWUBFyRfs8oxv149EvkTQ=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VoNyWpgi4LbtRVBfuAJobJdNoOnUzCzEQsod/gb/gDbvUP3Im4c+V3OE2ysK0HBg7nnMu9c/yIUaks68sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/vhy5nceiJA05HdqEhE3QENOBxQjpSXPrDoM8SEjkENH5xS88RI0vU8q19VpJnBHpAnPLFs1KwVcJnZOyiBH0zN/nH6I44BwhRmSsmdbkXITJBTFjExLTixJhPAYDUlPU44CIt0k/dIUnmilDweh0I8rmKp/JxIUSDkJfJ0MkBrJRW8m/uf1YjW4cBPKo1gRjrNFg5hBFcJZP7BPBcGKTTRBWFB9K8QjJBBWusW5LY/ZqSVdjL1YwzJp12v2ac2+PSs36nlFRXAEjkEF2OAcNMAVaIIWwOAJvIBX8GY8G+/Gh/GZRQtGPnMI5mB8/wLuiqXq</latexit>

JT̄
<latexit sha1_base64="+uCvu0L9hTZ3EfnjLR+FO2sLooc=">AAACBHicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZcFN+KqQl/SDiWTZtrQJDMkGbEM3foDbvUP3Ilb/8Mf8DtM21nY1gOBwzn3ck9OEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsY3Uz91iNVmkWybsYx9QUeSBYygo2VHu5QN8AqrU96xZJbdmdAq8TLSAky1HrFn24/Iomg0hCOte54bmz8FCvDCKeTQjfRNMZkhAe0Y6nEgmo/nQWeoDOr9FEYKfukQTP170aKhdZjEdhJgc1QL3tT8T+vk5jw2k+ZjBNDJZkfChOOTISmv0d9pigxfGwJJorZrIgMscLE2I4WrjzNoxZsMd5yDaukWSl7F2Xv/rJUrWQV5eEETuEcPLiCKtxCDRpAQMALvMKb8+y8Ox/O53w052Q7x7AA5+sXtliYlA==</latexit>

hn|J (I)
a |ni

<latexit sha1_base64="jLY+dBZWUBFyRfs8oxv149EvkTQ=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VoNyWpgi4LbtRVBfuAJobJdNoOnUzCzEQsod/gb/gDbvUP3Im4c+V3OE2ysK0HBg7nnMu9c/yIUaks68sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/vhy5nceiJA05HdqEhE3QENOBxQjpSXPrDoM8SEjkENH5xS88RI0vU8q19VpJnBHpAnPLFs1KwVcJnZOyiBH0zN/nH6I44BwhRmSsmdbkXITJBTFjExLTixJhPAYDUlPU44CIt0k/dIUnmilDweh0I8rmKp/JxIUSDkJfJ0MkBrJRW8m/uf1YjW4cBPKo1gRjrNFg5hBFcJZP7BPBcGKTTRBWFB9K8QjJBBWusW5LY/ZqSVdjL1YwzJp12v2ac2+PSs36nlFRXAEjkEF2OAcNMAVaIIWwOAJvIBX8GY8G+/Gh/GZRQtGPnMI5mB8/wLuiqXq</latexit>

Ja, J̄a, Tab
<latexit sha1_base64="E+Q9MSLLpzflqpn2XK1xFF0+k2k=">AAACF3icbVDLSgMxFM3UV62vUXe6CRbBRSkzVdBlwY10VaEvaMtwJ03b0ExmSDJiGQr+hj/gVv/Anbh16Q/4HaadLmzrgcC559zLvTl+xJnSjvNtZdbWNza3stu5nd29/QP78KihwlgSWichD2XLB0U5E7Sumea0FUkKgc9p0x/dTv3mA5WKhaKmxxHtBjAQrM8IaCN59knFg0KngDs+yKQySYual4A/8ey8U3RmwKvEnZM8mqPq2T+dXkjigApNOCjVdp1IdxOQmhFOJ7lOrGgEZAQD2jZUQEBVN5n9YYLPjdLD/VCaJzSeqX8nEgiUGge+6QxAD9WyNxX/89qx7t90EyaiWFNB0kX9mGMd4mkguMckJZqPDQEimbkVkyFIINrEtrDlMT01Z4Jxl2NYJY1S0b0suvdX+XJpHlEWnaIzdIFcdI3K6A5VUR0R9IRe0Ct6s56td+vD+kxbM9Z85hgtwPr6BanVnts=</latexit>
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◆

<latexit sha1_base64="ZJ4iHQFuB1b59axhgkQw2lriG3g="></latexit>

[Smirnov,	Zamolodchikov]	

[Guica;	Chakraborty,		
Giveon,	Kutasov]	

[Le	Floch,	MM]	

[Gorbenko,	Silverstein,	
Torroba]	

[Chakraborty,	Giveon,	
Kutasov]	

Ts+1T̄s+1
<latexit sha1_base64="+LUIsX9vmtA+8f5vHXEYhTDmMIc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEQSlJFXRZcOOyQl/QhjCZTtqhk0mYmQg1BH/FjQtF3Pof7vwbp4+Fth64cOace5l7T5BwprTjfFuFldW19Y3iZmlre2d3z94/aKk4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GN1O/PYDlYrFoqHHCfUiPBAsZARrI/n2UcPP1Lmb9wIss0Y+e/h22ak4U6Bl4s5JGeao+/ZXrx+TNKJCE46V6rpOor0MS80Ip3mplyqaYDLCA9o1VOCIKi+bbp+jU6P0URhLU0Kjqfp7IsORUuMoMJ0R1kO16E3E/7xuqsMbL2MiSTUVZPZRmHKkYzSJAvWZpETzsSGYSGZ2RWSIJSbaBFYyIbiLJy+TVrXiXlaq91fl2sU8jiIcwwmcgQvXUIM7qEMTCDzCM7zCm/VkvVjv1sestWDNZw7hD6zPHwLMlN4=</latexit>

Ts+1T̄
<latexit sha1_base64="bnc5AybdtaFkQo9UDxodWgygmR0=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSIIStmtgh4LXjxW6Be0a8mm2TY0yS5JVinL/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY30799iNVmkWyYSYx9QUeShYygo2VHhr9VJ97WS/AKm1k/VLZrbgzoGXi5aQMOer90ldvEJFEUGkIx1p3PTc2foqVYYTTrNhLNI0xGeMh7VoqsaDaT2dXZ+jUKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRMT3vgpk3FiqCTzRWHCkYnQNAI0YIoSwyeWYKKYvRWREVaYGBtU0YbgLb68TFrVindZqd5flWsXeRwFOIYTOAMPrqEGd1CHJhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8wdE1pJL</latexit>

[Le	Floch,	MM]	

⇢(E) ⇡ exp
⇣p

# c�E(s+1)/2
⌘

<latexit sha1_base64="7kat0RXOaEnIFUbQ+neiE0sojVc="></latexit>



Open	questions	
•  Applications	to	phase	transitions	and	QCD?	

[Cardy;	Zamolodchikov;	Dubovsky	et	al.]		
	

•  Putting	the	theory	in	curved	space?	[Jiang]		
	

•  What	generalizations	of										are	solvable?	
New	possible	UV	behaviors?	
	

•  How	is		the													theory	best	defined?	
Does	string	theory	in	cutoff	AdS3	make	
sense?	
	

•  How	non-local	is	the	theory?	Observables?	

T T̄
<latexit sha1_base64="ep7244JFOiiu+xmwmmoRNykIORI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+gVtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UbfYDqrPmbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3hm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophrd+JlSSIldsuShMJcGYzJ8nQ6E5Qzm1hDIt7K2EjammDG1EJRuCt/ryOmnXqt5V1Xu4rtRreRxFOINzuAQPbqAO99CAFjCQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QMQC4/u</latexit>

� < 0
<latexit sha1_base64="sGTuNNNjZ5wwI/IsYHJJCZuCAV8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQRcuCm5cVrAPaYeSyWTa0CQzJBmhDP0KNy4UcevnuPNvTKez0NYDgcM555J7T5Bwpo3rfjultfWNza3ydmVnd2//oHp41NFxqghtk5jHqhdgTTmTtG2Y4bSXKIpFwGk3mNzO/e4TVZrF8sFME+oLPJIsYgQbKz0OuI2G+MYdVmtu3c2BVolXkBoUaA2rX4MwJqmg0hCOte57bmL8DCvDCKezyiDVNMFkgke0b6nEgmo/yxeeoTOrhCiKlX3SoFz9PZFhofVUBDYpsBnrZW8u/uf1UxNd+xmTSWqoJIuPopQjE6P59ShkihLDp5ZgopjdFZExVpgY21HFluAtn7xKOo26d1H37i9rzUZRRxlO4BTOwYMraMIdtKANBAQ8wyu8Ocp5cd6dj0W05BQzx/AHzucPLEiP8A==</latexit>

Irrelevant	deformation	
of	2d	QFT		

Dressing	of	the	S-matrix	

Flat	space	JT	gravity	
coupled	to	matter	

? AdS3	gravity	with	a	finite	
cutoff		
	
	
	
	

2d	LST	
	
	
	

Reference	material:										and	Other	Solvable	Deformations	of	Quantum	Field	Theories	(SCGP	video	library),		
	 	 				Jerusalem	Lectures	by	Giveon,	Kutasov,	and	Zamolodchikov	(youtube),	[Jiang]		

T T̄
<latexit sha1_base64="t11GyMBe3LxJhWq4+2tAZwdssLQ=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwIWFiG2x2BTcuK/QFbSiT6aQdOpnEmYlQQn/CjQtF3Po77vwbJ20FFT1w4XDOvdx7T5BwpjRCH1ZhbX1jc6u4XdrZ3ds/KB8edVScSkLbJOax7AVYUc4EbWumOe0lkuIo4LQbTK9zv3tPpWKxaOlZQv0IjwULGcHaSL3WIMAya82H5Qqykeu5DoLIdpHjVXPiefWa60LHRgtUwArNYfl9MIpJGlGhCcdK9R2UaD/DUjPC6bw0SBVNMJniMe0bKnBElZ8t7p3DM6OMYBhLU0LDhfp9IsORUrMoMJ0R1hP128vFv7x+qsO6nzGRpJoKslwUphzqGObPwxGTlGg+MwQTycytkEywxESbiEomhK9P4f+kc2k7Vdu5rVUaF6s4iuAEnIJz4IAr0AA3oAnagAAOHsATeLburEfrxXpdthas1cwx+AHr7RN+ipA2</latexit>


