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QFT in AdS

• IR regulator with symmetries
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• Infinite volume: symmetry breaking, phase transitions 
possible (unlike on sphere)

•Asymptotic observables: correlation functions in 
nonlocal CFT 



Setup: Dimensional Transmutation in AdS 

• IR: mass gap                         ;

•UV classical theory: massless degrees of freedom, 
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• In some cases, a sharp transition between the two 
regimes must occur, detectable from the bCFT.
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Opportunity: studying the bCFT as a way to 
detect/prove the mass gap in the bulk



Outline:
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4
[Aharony, Berkooz, Tong, Yankielowicz]

• [Copetti, DP, Ji, Komatsu]: we study 2d examples
O(N) sigma model
O(N) Gross-Neveu model

Additional computational handle: Large N
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• [Copetti, DP, Ji, Komatsu]: we study 2d examples
O(N) sigma model
O(N) Gross-Neveu model

Additional computational handle: Large N

One more 50th birthday to celebrate:
• ’t Hooft: large N gauge theory and mesons in QCD
•Coleman, Jackiw, Politzer: O(N) model at large N
•Gross, Neveu

all came out in 1974

<latexit sha1_base64="pl9xrNUAtuImCuIoAqWLI0QuxAM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eiF48VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xju5nfeuLaiFg94iThQUSHSgwEo2glP5v2aqRXrrhVdw6ySrycVCBHo1f+6vZjlkZcIZPUmI7nJhhkVKNgkk9L3dTwhLIxHfKOpYpG3ATZ/NgpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1UhzcBJlQSYpcscWiQSoJxmT2OekLzRnKiSWUaWFvJWxENWVo8ynZELzll1dJs1b1rqqXDxeV+m0eRxFO4BTOwYNrqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPT9mOXw==</latexit>

2
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,
•                : no coloured asymptotic states, mass gap
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bulk gauge symmetry = boundary global symmetry
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Why a sharp transition?

                : small perturbation of the free limit. 
<latexit sha1_base64="5ifs2HLohUif20nzd9FsYPSXb5w=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4sSTia1l046KLCvYBTSyTyaQdOnkwMxFLyK+4caGIW3/EnX/jtM1CWw8MHM65h3vneAlnUlnWt7G0vLK6tl7aKG9ube/smnuVtoxTQWiLxDwWXQ9LyllEW4opTruJoDj0OO14o5uJ33mkQrI4ulfjhLohHkQsYAQrLfXNSgM5nCOnoSM+fshO7LxvVq2aNQVaJHZBqlCg2Te/HD8maUgjRTiWsmdbiXIzLBQjnOZlJ5U0wWSEB7SnaYRDKt1senuOjrTioyAW+kUKTdXfiQyHUo5DT0+GWA3lvDcR//N6qQqu3IxFSapoRGaLgpQjFaNJEchnghLFx5pgIpi+FZEhFpgoXVdZl2DPf3mRtE9r9kXt/O6sWr8u6ijBARzCMdhwCXW4hSa0gMATPMMrvBm58WK8Gx+z0SWjyOzDHxifP4PHk3o=</latexit>

L ⌧ ⇤�1

<latexit sha1_base64="iLf7p3c3l4yWonlsiX20/CBkW+w=">AAAB7nicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoRlxVsA9ox5JJM21okhmSjFCGfoQbF4q49Xvc+Tem7Sy0euDC4Zx7ufeeMBHcWM/7QoWl5ZXVteJ6aWNza3unvLvXNHGqKWvQWMS6HRLDBFesYbkVrJ1oRmQoWCscXU/91iPThsfq3o4TFkgyUDzilFgntW4fSK8r01654lW9GfBf4uekAjnqvfJntx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNzp3gI6f0cRRrV8rimfpzIiPSmLEMXackdmgWvan4n9dJbXQZZFwlqWWKzhdFqcA2xtPfcZ9rRq0YO0Ko5u5WTIdEE2pdQiUXgr/48l/SPKn659Wzu9NK7SqPowgHcAjH4MMF1OAG6tAACiN4ghd4RQl6Rm/ofd5aQPnMPvwC+vgGHEqPcA==</latexit>

Ja
µ

No candidate scalar operator that can 
continuously recombine:

<latexit sha1_base64="aydJ8kmZtWb7TxoS27Xy1xe57To=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiK+NkLRjbixgn1Ak5ab6aQdOnkwMxFK6A+48VfcuFDErXt3/o2TNgttPTDM4Zx7ufceL+ZMKsv6NubmFxaXlgsrxdW19Y1Nc2u7LqNEEFojEY9E0wNJOQtpTTHFaTMWFAKP04Y3uMr8xgMVkkXhvRrG1A2gFzKfEVBa6pj7TgxCMeBtJ0jwTRs62X+BnQBUnwBPb0daM0tW2RoDzxI7JyWUo9oxv5xuRJKAhopwkLJlW7Fy02wS4XRUdBJJYyAD6NGWpiEEVLrp+JoRPtBKF/uR0C9UeKz+7kghkHIYeLoyW1JOe5n4n9dKlH/upiyME0VDMhnkJxyrCGfR4C4TlCg+1ASIYHpXTPoggCgdYFGHYE+fPEvqR2X7tHxyd1yqXOZxFNAu2kOHyEZnqIKuURXVEEGP6Bm9ojfjyXgx3o2PSemckffsoD8wPn8A9c+bgQ==</latexit>

@µJa
µ = O

a

<latexit sha1_base64="iLf7p3c3l4yWonlsiX20/CBkW+w=">AAAB7nicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoRlxVsA9ox5JJM21okhmSjFCGfoQbF4q49Xvc+Tem7Sy0euDC4Zx7ufeeMBHcWM/7QoWl5ZXVteJ6aWNza3unvLvXNHGqKWvQWMS6HRLDBFesYbkVrJ1oRmQoWCscXU/91iPThsfq3o4TFkgyUDzilFgntW4fSK8r01654lW9GfBf4uekAjnqvfJntx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNzp3gI6f0cRRrV8rimfpzIiPSmLEMXackdmgWvan4n9dJbXQZZFwlqWWKzhdFqcA2xtPfcZ9rRq0YO0Ko5u5WTIdEE2pdQiUXgr/48l/SPKn659Wzu9NK7SqPowgHcAjH4MMF1OAG6tAACiN4ghd4RQl6Rm/ofd5aQPnMPvwC+vgGHEqPcA==</latexit>

Ja
µ must exist for a finite range of <latexit sha1_base64="5C+o0Ni4Z0ss/1nR+ToB2NSZuGQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPUcwDkiXMTmaTIbOzy0yvEJb8gRcPinj1j7z5N06SPWi0oKGo6qa7K0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00v0t6ZUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL3z6tndaaV2lcdRhAM4hGPw4AJqcAN1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/8eY0E</latexit>

L

bCFT: Mean-field theory of      + small corrections

scalar, adjoint,

<latexit sha1_base64="393UDhqjOtsXHchCn3D+M/3e2Ps=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPuFyGoB48RzILJEHo6NUmTnp6hu0cIQ/7CiwdFvPo33vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwPfYbj6g0j+W9GSboR7QnecgZNVZ6aN+gMJRckuNOseSW3QnIX+LNSAlmqHaKn+1uzNIIpWGCat3y3MT4GVWGM4GjQjvVmFA2oD1sWSpphNrPJhePyIFVuiSMlS1pyET9OZHRSOthFNjOiJq+nvfG4n9eKzXhhZ9xmaQGJZsuClNBTEzG75MuV8iMGFpCmeL2VsL6VFFmbEgFG4I3//JfUj8qe2fl07uTUuVqFkce9mAfDsGDc6jALVShBgwkPMELvDraeXbenPdpa86ZzezCLzgf3wyAj94=</latexit>

� = 3

Natural expectation:  
<latexit sha1_base64="QruRc0Dzw9Dac/actRIqHsOBtjo=">AAACCnicbVC5TsNAFFxzhnAFKGkWIiQaIhtxlRE0FCmCRA4pNtZ6s0lWWR/afUZElmsafoWGAoRo+QI6/oZ14gISRnrSaOYdeuNFgiswzW9jbn5hcWm5sFJcXVvf2CxtbTdVGEvKGjQUoWx7RDHBA9YADoK1I8mI7wnW8oZXmd+6Z1LxMLiFUcQcn/QD3uOUgJbc0l7NTWxgD5BQySFNsa24j+2a3tAld8mRlbqlslkxx8CzxMpJGeWou6UvuxvS2GcBUEGU6lhmBE5CJHAqWFq0Y8UiQoekzzqaBsRnyknGr6T4QCtd3AulrgDwWP09kRBfqZHv6U6fwEBNe5n4n9eJoXfhJDyIYmABnRzqxQJDiLNccJdLRkGMNCFZFJxiOiCSUNDpFXUI1vTLs6R5XLHOKqc3J+XqZR5HAe2ifXSILHSOquga1VEDUfSIntErejOejBfj3fiYtM4Z+cwO+gPj8wdKDJqj</latexit>

Lcrit ⇠ ⇤�1



Possibilities for the transition:



Possibilities for the transition:
(1) Higgs: a bulk charged scalar condenses

 bCFT: an adjoint scalar operator hits            and 
recombines

<latexit sha1_base64="393UDhqjOtsXHchCn3D+M/3e2Ps=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPuFyGoB48RzILJEHo6NUmTnp6hu0cIQ/7CiwdFvPo33vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwPfYbj6g0j+W9GSboR7QnecgZNVZ6aN+gMJRckuNOseSW3QnIX+LNSAlmqHaKn+1uzNIIpWGCat3y3MT4GVWGM4GjQjvVmFA2oD1sWSpphNrPJhePyIFVuiSMlS1pyET9OZHRSOthFNjOiJq+nvfG4n9eKzXhhZ9xmaQGJZsuClNBTEzG75MuV8iMGFpCmeL2VsL6VFFmbEgFG4I3//JfUj8qe2fl07uTUuVqFkce9mAfDsGDc6jALVShBgwkPMELvDraeXbenPdpa86ZzezCLzgf3wyAj94=</latexit>

� = 3
<latexit sha1_base64="aydJ8kmZtWb7TxoS27Xy1xe57To=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiK+NkLRjbixgn1Ak5ab6aQdOnkwMxFK6A+48VfcuFDErXt3/o2TNgttPTDM4Zx7ufceL+ZMKsv6NubmFxaXlgsrxdW19Y1Nc2u7LqNEEFojEY9E0wNJOQtpTTHFaTMWFAKP04Y3uMr8xgMVkkXhvRrG1A2gFzKfEVBa6pj7TgxCMeBtJ0jwTRs62X+BnQBUnwBPb0daM0tW2RoDzxI7JyWUo9oxv5xuRJKAhopwkLJlW7Fy02wS4XRUdBJJYyAD6NGWpiEEVLrp+JoRPtBKF/uR0C9UeKz+7kghkHIYeLoyW1JOe5n4n9dKlH/upiyME0VDMhnkJxyrCGfR4C4TlCg+1ASIYHpXTPoggCgdYFGHYE+fPEvqR2X7tHxyd1yqXOZxFNAu2kOHyEZnqIKuURXVEEGP6Bm9ojfjyXgx3o2PSemckffsoD8wPn8A9c+bgQ==</latexit>

@µJa
µ = O

a



Possibilities for the transition:
(1) Higgs: a bulk charged scalar condenses

 bCFT: an adjoint scalar operator hits            and 
recombines

<latexit sha1_base64="393UDhqjOtsXHchCn3D+M/3e2Ps=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPuFyGoB48RzILJEHo6NUmTnp6hu0cIQ/7CiwdFvPo33vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwPfYbj6g0j+W9GSboR7QnecgZNVZ6aN+gMJRckuNOseSW3QnIX+LNSAlmqHaKn+1uzNIIpWGCat3y3MT4GVWGM4GjQjvVmFA2oD1sWSpphNrPJhePyIFVuiSMlS1pyET9OZHRSOthFNjOiJq+nvfG4n9eKzXhhZ9xmaQGJZsuClNBTEzG75MuV8iMGFpCmeL2VsL6VFFmbEgFG4I3//JfUj8qe2fl07uTUuVqFkce9mAfDsGDc6jALVShBgwkPMELvDraeXbenPdpa86ZzezCLzgf3wyAj94=</latexit>

� = 3
<latexit sha1_base64="aydJ8kmZtWb7TxoS27Xy1xe57To=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiK+NkLRjbixgn1Ak5ab6aQdOnkwMxFK6A+48VfcuFDErXt3/o2TNgttPTDM4Zx7ufceL+ZMKsv6NubmFxaXlgsrxdW19Y1Nc2u7LqNEEFojEY9E0wNJOQtpTTHFaTMWFAKP04Y3uMr8xgMVkkXhvRrG1A2gFzKfEVBa6pj7TgxCMeBtJ0jwTRs62X+BnQBUnwBPb0daM0tW2RoDzxI7JyWUo9oxv5xuRJKAhopwkLJlW7Fy02wS4XRUdBJJYyAD6NGWpiEEVLrp+JoRPtBKF/uR0C9UeKz+7kghkHIYeLoyW1JOe5n4n9dKlH/upiyME0VDMhnkJxyrCGfR4C4TlCg+1ASIYHpXTPoggCgdYFGHYE+fPEvqR2X7tHxyd1yqXOZxFNAu2kOHyEZnqIKuURXVEEGP6Bm9ojfjyXgx3o2PSemckffsoD8wPn8A9c+bgQ==</latexit>

@µJa
µ = O

a

 bCFT:  

(2) Decoupling: gluon states become null and are 
removed from the spectrum

<latexit sha1_base64="J6HdGOk4j7u0Qh4UGXeMTVuq7Ys="></latexit>

hJµ(x)J⌫(0)i = CJ
�µ⌫ � 2xµx⌫

x2

(x2)2
, CJ �!

L!Lcrit

0



Possibilities for the transition:
(1) Higgs: a bulk charged scalar condenses

 bCFT: an adjoint scalar operator hits            and 
recombines

<latexit sha1_base64="393UDhqjOtsXHchCn3D+M/3e2Ps=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPuFyGoB48RzILJEHo6NUmTnp6hu0cIQ/7CiwdFvPo33vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwPfYbj6g0j+W9GSboR7QnecgZNVZ6aN+gMJRckuNOseSW3QnIX+LNSAlmqHaKn+1uzNIIpWGCat3y3MT4GVWGM4GjQjvVmFA2oD1sWSpphNrPJhePyIFVuiSMlS1pyET9OZHRSOthFNjOiJq+nvfG4n9eKzXhhZ9xmaQGJZsuClNBTEzG75MuV8iMGFpCmeL2VsL6VFFmbEgFG4I3//JfUj8qe2fl07uTUuVqFkce9mAfDsGDc6jALVShBgwkPMELvDraeXbenPdpa86ZzezCLzgf3wyAj94=</latexit>

� = 3
<latexit sha1_base64="aydJ8kmZtWb7TxoS27Xy1xe57To=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiK+NkLRjbixgn1Ak5ab6aQdOnkwMxFK6A+48VfcuFDErXt3/o2TNgttPTDM4Zx7ufceL+ZMKsv6NubmFxaXlgsrxdW19Y1Nc2u7LqNEEFojEY9E0wNJOQtpTTHFaTMWFAKP04Y3uMr8xgMVkkXhvRrG1A2gFzKfEVBa6pj7TgxCMeBtJ0jwTRs62X+BnQBUnwBPb0daM0tW2RoDzxI7JyWUo9oxv5xuRJKAhopwkLJlW7Fy02wS4XRUdBJJYyAD6NGWpiEEVLrp+JoRPtBKF/uR0C9UeKz+7kghkHIYeLoyW1JOe5n4n9dKlH/upiyME0VDMhnkJxyrCGfR4C4TlCg+1ASIYHpXTPoggCgdYFGHYE+fPEvqR2X7tHxyd1yqXOZxFNAu2kOHyEZnqIKuURXVEEGP6Bm9ojfjyXgx3o2PSemckffsoD8wPn8A9c+bgQ==</latexit>

@µJa
µ = O

a

 bCFT:  

(2) Decoupling: gluon states become null and are 
removed from the spectrum

<latexit sha1_base64="J6HdGOk4j7u0Qh4UGXeMTVuq7Ys="></latexit>

hJµ(x)J⌫(0)i = CJ
�µ⌫ � 2xµx⌫

x2

(x2)2
, CJ �!

L!Lcrit

0

(3) Tachyon: instability towards generation of a 
VEV, a weakly-coupled scalar     with 

 bCFT:                     , two bCFTs related by        merge   

<latexit sha1_base64="0lJW2egFHmxXy2KtAnldvwao0gk=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2Wm+Fq4KBXEjVDBPqAdh0yatqGZB8kdsQwD/oobF4q49Tvc+Tem7Sy09cC9HM65l9wcLxJcgWV9G7mFxaXllfxqYW19Y3PL3N5pqDCWlNVpKELZ8ohiggesDhwEa0WSEd8TrOkNL8d+84FJxcPgDkYRc3zSD3iPUwJacs29m/syvsC6u0kH2CMk1as0dc2iVbImwPPEzkgRZai55lenG9LYZwFQQZRq21YETkIkcCpYWujEikWEDkmftTUNiM+Uk0zOT/GhVrq4F0pdAeCJ+nsjIb5SI9/Tkz6BgZr1xuJ/XjuG3rmT8CCKgQV0+lAvFhhCPM4Cd7lkFMRIE0Il17diOiCSUNCJFXQI9uyX50mjXLJPSye3x8VKNYsjj/bRATpCNjpDFXSNaqiOKErQM3pFb8aT8WK8Gx/T0ZyR7eyiPzA+fwCwxZS1</latexit>

M2 < M2
BF

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="3ahMWtIU2pNHnlUqpOdOAFR755Y=">AAACD3icbVDLSsNAFJ34rPUVdelmsCh1U5L63AhFXbizgn1AE8pkOmmHTiZhZiKUkD9w46+4caGIW7fu/BsnbRbaeuDC4Zx7ufceL2JUKsv6NubmFxaXlgsrxdW19Y1Nc2u7KcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veJX5rQciJA35vRpFxA1Qn1OfYqS01DUPnGvCFCo7AVIDjFhym3adaEAPLxxfIJwcpUk1hbBrlqyKNQacJXZOSiBHvWt+Ob0QxwHhCjMkZce2IuUmSCiKGUmLTixJhPAQ9UlHU44CIt1k/E8K97XSg34odHEFx+rviQQFUo4CT3dmZ8tpLxP/8zqx8s/dhPIoVoTjySI/ZlCFMAsH9qggWLGRJggLqm+FeIB0DkpHWNQh2NMvz5JmtWKfVk7ujku1yzyOAtgFe6AMbHAGauAG1EEDYPAInsEreDOejBfj3fiYtM4Z+cwO+APj8wcQQZwL</latexit>

�(O�) =
3

2

<latexit sha1_base64="KP2RT1qvJZAQbcVq3+I9Y8aML7s=">AAAB/XicbVDLSsNAFL3xWesrPnZugkVwVZLia1l0484K9gFNDJPppB06mYSZiVBD8FfcuFDErf/hzr9x2mahrQcGDufcyz1zgoRRqWz721hYXFpeWS2tldc3Nre2zZ3dloxTgUkTxywWnQBJwignTUUVI51EEBQFjLSD4dXYbz8QIWnM79QoIV6E+pyGFCOlJd/cdyOkBhix7Cb3MzcZ0Py+5psVu2pPYM0TpyAVKNDwzS+3F+M0IlxhhqTsOnaivAwJRTEjedlNJUkQHqI+6WrKUUSkl03S59aRVnpWGAv9uLIm6u+NDEVSjqJAT46zyllvLP7ndVMVXngZ5UmqCMfTQ2HKLBVb4yqsHhUEKzbSBGFBdVYLD5BAWOnCyroEZ/bL86RVqzpn1dPbk0r9sqijBAdwCMfgwDnU4Roa0AQMj/AMr/BmPBkvxrvxMR1dMIqdPfgD4/MH2eKVfg==</latexit>

O
2
�



We propose a generalization of (3), without need of 
weak coupling, which is realized in 2d toy models:

(4) Marginality:

 bCFT: a singlet scalar operator      hits                       
<latexit sha1_base64="393UDhqjOtsXHchCn3D+M/3e2Ps=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPuFyGoB48RzILJEHo6NUmTnp6hu0cIQ/7CiwdFvPo33vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwPfYbj6g0j+W9GSboR7QnecgZNVZ6aN+gMJRckuNOseSW3QnIX+LNSAlmqHaKn+1uzNIIpWGCat3y3MT4GVWGM4GjQjvVmFA2oD1sWSpphNrPJhePyIFVuiSMlS1pyET9OZHRSOthFNjOiJq+nvfG4n9eKzXhhZ9xmaQGJZsuClNBTEzG75MuV8iMGFpCmeL2VsL6VFFmbEgFG4I3//JfUj8qe2fl07uTUuVqFkce9mAfDsGDc6jALVShBgwkPMELvDraeXbenPdpa86ZzezCLzgf3wyAj94=</latexit>

� = 3

The bulk YM coupling induces running of the 
associated marginal coupling: 

<latexit sha1_base64="Lo/nguURRFAV/ZQFbEc6fHXMWt4="></latexit>Z

AdS4

1

2g2
tr[F 2] +

Z

@
yO

<latexit sha1_base64="07wOOGCJ4HjrPP6hYTkHPGs58I0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l0484K9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmlldW19o7xZ2dre2d2r7h+0jUo1ZS2qhNLdkBgmuGQt4CBYN9GMxKFgnXB8m/udJ6YNV/IRJgkLYjKUPOKUgJX8XkxgRInI7qf9as2tuzPgZeIVpIYKNPvVr95A0TRmEqggxviem0CQEQ2cCjat9FLDEkLHZMh8SyWJmQmyWeQpPrHKAEdK2ycBz9TfGxmJjZnEoZ3MI5pFLxf/8/wUousg4zJJgUk6/yhKBQaF8/vxgGtGQUwsIVRzmxXTEdGEgm2pYkvwFk9eJu2zundZv3g4rzVuijrK6Agdo1PkoSvUQHeoiVqIIoWe0St6c8B5cd6dj/loySl2DtEfOJ8/iNSRbw==</latexit>

O

[Antunes, Lauria, van Rees]

<latexit sha1_base64="ZyE4pmKal7AxAu6vCnPhPpqGYFY="></latexit>

�y ⇠ A

✓
1

g2
� 1

g2crit

◆
�B y2

Merger and annihilation for 
<latexit sha1_base64="aBh3yJamAYTTws1mxRkuElcvOgg=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTF10qKblxWsA9oY5hMJ+3QySTM3IglFPwVNy4Ucet3uPNvnLZZaOuBezmccy8z9wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA99psPTGkeyzsYJsyLSE/ykFMCRvLt/d59BV9i0/0OsEfIqOIw8u2SU3YmwPPEzUkJ5aj59lenG9M0YhKoIFq3XScBLyMKOBVsVOykmiWEDkiPtQ2VJGLayybfH+Ejo3RxGCtTEvBE/b2RkUjrYRSYyYhAX896Y/E/r51CeOFlXCYpMEmnD4WpwBDjcRa4yxWjIIaGkPHdnGLaJ4pQMIkVTQju7MnzpFEpu2fl09uTUvUqj6OADtAhOkYuOkdVdINqqI4oytAzekVv1pP1Yr1bH9PRBSvf2UN/YH3+AFIvlR0=</latexit>

g2 > g2crit

,

[Gorbenko, Rychkov, Zan]



A bootstrap approach to the mass gap in YM?

<latexit sha1_base64="sLg6/OyoOCwAcCYNnLkp5h0u0Dg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2MwF/EU0TwgWcLsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwqk795hPXRkTqEccx90M6UKIvGEUrPVS7d91iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/aT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwaZ2Xvsnxxf16q3GRx5OEIjuEUPLiCCtxCDerAYADP8ApvjnRenHfnY96ac7KZQ/gD5/MH5AeNjg==</latexit>

CJ

Family of (non-local) CFT s with          global symmetry<latexit sha1_base64="3NIsenmCXvr3K824aDNm3pRA5Xg=">AAAB63icbVDLSsNAFL2pr1pfUZduBovgqiS+l0U3LivYB7ShTKaTdujMJMxMhBL6C25cKOLWH3Ln3zhps9DWAxcO59zLvfeECWfaeN63U1pZXVvfKG9WtrZ3dvfc/YOWjlNFaJPEPFadEGvKmaRNwwynnURRLEJO2+H4LvfbT1RpFstHM0loIPBQsogRbHIpm/bP+27Vq3kzoGXiF6QKBRp996s3iEkqqDSEY627vpeYIMPKMMLptNJLNU0wGeMh7VoqsaA6yGa3TtGJVQYoipUtadBM/T2RYaH1RIS2U2Az0oteLv7ndVMT3QQZk0lqqCTzRVHKkYlR/jgaMEWJ4RNLMFHM3orICCtMjI2nYkPwF19eJq2zmn9Vu3y4qNZvizjKcATHcAo+XEMd7qEBTSAwgmd4hTdHOC/Ou/Mxby05xcwh/IHz+QP6W442</latexit>

3
<latexit sha1_base64="A9s2nFrREr5Duz9w6un54v5q5O8=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx60IsQwSySDKGn05M06VnsrgmGYb7DiwdFvPox3vwbO8tBow8KHu9VUVXPi6XQaNtfVm5hcWl5Jb9aWFvf2Nwqbu/UdZQoxmsskpFqelRzKUJeQ4GSN2PFaeBJ3vAGl2O/MeRKiyi8w1HM3YD2QuELRtFI7lUnbSN/xPT+Jss6xZJdticgf4kzIyWYodopfra7EUsCHiKTVOuWY8foplShYJJnhXaieUzZgPZ4y9CQBly76eTojBwYpUv8SJkKkUzUnxMpDbQeBZ7pDCj29bw3Fv/zWgn6524qwjhBHrLpIj+RBCMyToB0heIM5cgQypQwtxLWp4oyNDkVTAjO/Mt/Sf2o7JyWT26PS5WLWRx52IN9OAQHzqAC11CFGjB4gCd4gVdraD1bb9b7tDVnzWZ24Resj28vT5Jj</latexit>

GYM

<latexit sha1_base64="HcgS4cZxvrVEoG2UQmH1JXolpL0="></latexit>

hJµ(x)J⌫(0)i = CJ
�µ⌫ � 2xµx⌫

x2

(x2)2
,

<latexit sha1_base64="iEGiXtC1ep2txHo0JTiZKxSi/K4=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSk+FoWuxFxUcE+oIlhMp20Q2eSMDMRSogbf8WNC0Xc+hfu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NhYWl5ZXVgtrxfWNza1tc2e3JaNEYNLEEYtEx0eSMBqSpqKKkU4sCOI+I21/WB/77QciJI3COzWKictRP6QBxUhpyTP36961IymHTiAQTu0s7d9XyzfHmWeWrIo1AZwndk5KIEfDM7+cXoQTTkKFGZKya1uxclMkFMWMZEUnkSRGeIj6pKtpiDiRbjr5IINHWunBIBK6QgUn6u+JFHEpR9zXnRypgZz1xuJ/XjdRwYWb0jBOFAnxdFGQMKgiOI4D9qggWLGRJggLqm+FeIB0FEqHVtQh2LMvz5NWtWKfVU5vT0q1yzyOAjgAh6AMbHAOauAKNEATYPAInsEreDOejBfj3fiYti4Y+cwe+APj8wcQh5YD</latexit>

CJ ⇠ 1

g2(L)
<latexit sha1_base64="BjezAf1o5ecnsZnLXgh3RMHLmA8=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSx2I64q2Ac0oUymk3boZCbM3Agh9DfcuFDErT/jzr9x2mah1QMXDufcy733hIngBlz3yymtrK6tb5Q3K1vbO7t71f2DjlGppqxNlVC6FxLDBJesDRwE6yWakTgUrBtOmjO/+8i04Uo+QJawICYjySNOCVjJbw7ufFA+lxFkg2rNrbtz4L/EK0gNFWgNqp/+UNE0ZhKoIMb0PTeBICcaOBVsWvFTwxJCJ2TE+pZKEjMT5PObp/jEKkMcKW1LAp6rPydyEhuTxaHtjAmMzbI3E//z+ilE10HOZZICk3SxKEoFBoVnAeAh14yCyCwhVHN7K6ZjogkFG1PFhuAtv/yXdM7q3mX94v681rgp4iijI3SMTpGHrlAD3aIWaiOKEvSEXtCrkzrPzpvzvmgtOcXMIfoF5+Mb/mCRrQ==</latexit>

CJ ! 1 : approaches mean-field theory of 
<latexit sha1_base64="iLf7p3c3l4yWonlsiX20/CBkW+w=">AAAB7nicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoRlxVsA9ox5JJM21okhmSjFCGfoQbF4q49Xvc+Tem7Sy0euDC4Zx7ufeeMBHcWM/7QoWl5ZXVteJ6aWNza3unvLvXNHGqKWvQWMS6HRLDBFesYbkVrJ1oRmQoWCscXU/91iPThsfq3o4TFkgyUDzilFgntW4fSK8r01654lW9GfBf4uekAjnqvfJntx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNzp3gI6f0cRRrV8rimfpzIiPSmLEMXackdmgWvan4n9dJbXQZZFwlqWWKzhdFqcA2xtPfcZ9rRq0YO0Ko5u5WTIdEE2pdQiUXgr/48l/SPKn659Wzu9NK7SqPowgHcAjH4MMF1OAG6tAACiN4ghd4RQl6Rm/ofd5aQPnMPvwC+vgGHEqPcA==</latexit>

Ja
µ

Can it be found studying             ?               
<latexit sha1_base64="EFDe5BUcE76MSqThxUlwyItF4Uo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRLxtSy6EVcV7AOaUCbTm3boZBJmJkINxV9x40IRt/6HO//GaZqFth64cOace5l7T5BwprTjfFsLi0vLK6ultfL6xubWtr2z21RxKik0aMxj2Q6IAs4ENDTTHNqJBBIFHFrB8Hritx5AKhaLez1KwI9IX7CQUaKN1LX3PU5EnwO+NcCezB9du+JUnRx4nrgFqaAC9a795fVimkYgNOVEqY7rJNrPiNSMchiXvVRBQuiQ9KFjqCARKD/Ltx/jI6P0cBhLU0LjXP09kZFIqVEUmM6I6IGa9Sbif14n1eGlnzGRpBoEnX4UphzrGE+iwD0mgWo+MoRQycyumA6IJFSbwMomBHf25HnSPKm659Wzu9NK7aqIo4QO0CE6Ri66QDV0g+qogSh6RM/oFb1ZT9aL9W59TFsXrGJmD/2B9fkDW8KUiQ==</latexit>

hJJJJi

Known perturbative data:           corrections to the 
double-trace data 

<latexit sha1_base64="Nh2PimpzP2KBhgRsQpa5UdYQifc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU90Vv47FXsRTBbcttEvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hZXVtfaO4Wdra3tndK+8fNLVMFaE+kVyqdog15UxQ3zDDaTtRFMchp61wVJ/6rSeqNJPi0YwTGsR4IFjECDZW8r2zeu++V664VXcGtEy8nFQgR6NX/ur2JUljKgzhWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLNjJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif10lNdBNkTCSpoYLMF0UpR0ai6eeozxQlho8twUQxeysiQ6wwMTafkg3BW3x5mTTPq95V9fLholK7zeMowhEcwyl4cA01uIMG+ECAwTO8wpsjnBfn3fmYtxacfOYQ/sD5/AHAuY4C</latexit>

1/CJ

[Caron-Huot, Li]

[He, Rong, Su, Vichi]



<latexit sha1_base64="B6oaQqe2ACQdDzDi177UGBmOccc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhyLXjxWMG2hDWWz3bZLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWO72Z+64lrI2L1iJOEBxEdKjEQjKKV/Gzaq5FeueJW3TnIKvFyUoEcjV75q9uPWRpxhUxSYzqem2CQUY2CST4tdVPDE8rGdMg7lioacRNk82On5MwqfTKItS2FZK7+nshoZMwkCm1nRHFklr2Z+J/XSXFwE2RCJSlyxRaLBqkkGJPZ56QvNGcoJ5ZQpoW9lbAR1ZShzadkQ/CWX14lzYuqd1W9fKhV6rd5HEU4gVM4Bw+uoQ730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/UuOOYQ==</latexit>

4AdS  : deconfinement-confinement transition

Analogous phenomenon in AdS  ?<latexit sha1_base64="pl9xrNUAtuImCuIoAqWLI0QuxAM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eiF48VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xju5nfeuLaiFg94iThQUSHSgwEo2glP5v2aqRXrrhVdw6ySrycVCBHo1f+6vZjlkZcIZPUmI7nJhhkVKNgkk9L3dTwhLIxHfKOpYpG3ATZ/NgpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1UhzcBJlQSYpcscWiQSoJxmT2OekLzRnKiSWUaWFvJWxENWVo8ynZELzll1dJs1b1rqqXDxeV+m0eRxFO4BTOwYNrqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPT9mOXw==</latexit>

2



<latexit sha1_base64="B6oaQqe2ACQdDzDi177UGBmOccc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhyLXjxWMG2hDWWz3bZLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWO72Z+64lrI2L1iJOEBxEdKjEQjKKV/Gzaq5FeueJW3TnIKvFyUoEcjV75q9uPWRpxhUxSYzqem2CQUY2CST4tdVPDE8rGdMg7lioacRNk82On5MwqfTKItS2FZK7+nshoZMwkCm1nRHFklr2Z+J/XSXFwE2RCJSlyxRaLBqkkGJPZ56QvNGcoJ5ZQpoW9lbAR1ZShzadkQ/CWX14lzYuqd1W9fKhV6rd5HEU4gVM4Bw+uoQ730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/UuOOYQ==</latexit>

4AdS  : deconfinement-confinement transition

Analogous phenomenon in AdS  ?<latexit sha1_base64="pl9xrNUAtuImCuIoAqWLI0QuxAM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eiF48VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xju5nfeuLaiFg94iThQUSHSgwEo2glP5v2aqRXrrhVdw6ySrycVCBHo1f+6vZjlkZcIZPUmI7nJhhkVKNgkk9L3dTwhLIxHfKOpYpG3ATZ/NgpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1UhzcBJlQSYpcscWiQSoJxmT2OekLzRnKiSWUaWFvJWxENWVo8ynZELzll1dJs1b1rqqXDxeV+m0eRxFO4BTOwYNrqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPT9mOXw==</latexit>

2

“Goldstone-gapped transition”:

•Bulk theory with continuous global symmetry,

•Small    : bc that breaks the symmetry<latexit sha1_base64="ZulQnuAxajCQqeGX0rA170utLio=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HbqN59QaR7JBzOO0Q/pQPI+Z9RYqXbfLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqACd1CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGmyYza</latexit>

L

,        is a marginal operator

         of the bCFT

<latexit sha1_base64="EQNgJNnRkli4PFLed/3SkjXFXB4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiTiayMU3YhQqGAf0KbhZjpth04mYWYiltBfceNCEbf+iDv/xmmbhVYPXDiccy/33hPEnCntOF9Wbml5ZXUtv17Y2Nza3rF3iw0VJZLQOol4JFsBKMqZoHXNNKetWFIIA06bweh66jcfqFQsEvd6HFMvhIFgfUZAG8m3ix0BAYduFd92wa/iS+z4dskpOzPgv8TNSAllqPn2Z6cXkSSkQhMOSrVdJ9ZeClIzwumk0EkUjYGMYEDbhgoIqfLS2e0TfGiUHu5H0pTQeKb+nEghVGocBqYzBD1Ui95U/M9rJ7p/4aVMxImmgswX9ROOdYSnQeAek5RoPjYEiGTmVkyGIIFoE1fBhOAuvvyXNI7L7ln59O6kVLnK4sijfXSAjpCLzlEF3aAaqiOCHtETekGv1sR6tt6s93lrzspm9tAvWB/ftoyS8A==</latexit>

rMJa
M = 0

<latexit sha1_base64="p/K4nzWbqVMulAHBayUrPa33NI8=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQniNVawIKYi0YfUhMpx3daq40T2DVIbZWbhV1gYQIiVL2Djb3AfA7QcydLROffq+pwgFlyD43xbuYXFpeWV/GphbX1jc8ve3qnpKFGUVWkkItUIiGaCS1YFDoI1YsVIGAhWD/pXI7/+wJTmkbyDQcz8kHQl73BKwEgte//mnrSG2Etk20wxSIceRNjJUk/zMMNgXLvolJwx8Dxxp6SIpqi07C+vHdEkZBKoIFo3XScGPyUKOBUsK3iJZjGhfdJlTUMlCZn203GUDB8apY07kTJPAh6rvzdSEmo9CAMzGRLo6VlvJP7nNRPoXPgpl3ECTNLJoU4isEk76gW3uWIUxMAQQhU3f8W0RxShYHopmBLc2cjzpHZccs9Kp7cnxfLltI482kMH6Ai56ByV0TWqoCqi6BE9o1f0Zj1ZL9a79TEZzVnTnV30B9bnD2ITmrg=</latexit>

Ja
z ⇠

z!0
ta

<latexit sha1_base64="ZZ8StrZuYw0X/AePY3BzaC3f3NA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJGmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJFIYdN0vp7C0vLK6VlwvbWxube+Ud/eaJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR9dRvPXJtRKzucZxwP6IDJULBKFrpDh9or1xxq+4M5C/xclKBHPVe+bPbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TIKn0SxtqWQjJTf05kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4st/SfOk6p1Xz25PK7WrPI4iHMAhHIMHF1CDG6hDAxgM4Ale4NWRzrPz5rzPWwtOPrMPv+B8fANQE43V</latexit>

ta

“conformal manifold’’ of bCFTs related by bulk symmetry,

•Large    : Coleman-Mermin-Wagner<latexit sha1_base64="ZulQnuAxajCQqeGX0rA170utLio=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HbqN59QaR7JBzOO0Q/pQPI+Z9RYqXbfLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqACd1CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGmyYza</latexit>

L

AdS version of Goldstone’s theorem.

this bc must have disappeared



“Goldstone-gapped transition”:

•Bulk theory with continuous global symmetry,

•Small    : bc that breaks the symmetry<latexit sha1_base64="ZulQnuAxajCQqeGX0rA170utLio=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HbqN59QaR7JBzOO0Q/pQPI+Z9RYqXbfLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqACd1CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGmyYza</latexit>

L

,        is a marginal operator

         of the bCFT

<latexit sha1_base64="EQNgJNnRkli4PFLed/3SkjXFXB4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiTiayMU3YhQqGAf0KbhZjpth04mYWYiltBfceNCEbf+iDv/xmmbhVYPXDiccy/33hPEnCntOF9Wbml5ZXUtv17Y2Nza3rF3iw0VJZLQOol4JFsBKMqZoHXNNKetWFIIA06bweh66jcfqFQsEvd6HFMvhIFgfUZAG8m3ix0BAYduFd92wa/iS+z4dskpOzPgv8TNSAllqPn2Z6cXkSSkQhMOSrVdJ9ZeClIzwumk0EkUjYGMYEDbhgoIqfLS2e0TfGiUHu5H0pTQeKb+nEghVGocBqYzBD1Ui95U/M9rJ7p/4aVMxImmgswX9ROOdYSnQeAek5RoPjYEiGTmVkyGIIFoE1fBhOAuvvyXNI7L7ln59O6kVLnK4sijfXSAjpCLzlEF3aAaqiOCHtETekGv1sR6tt6s93lrzspm9tAvWB/ftoyS8A==</latexit>

rMJa
M = 0

<latexit sha1_base64="p/K4nzWbqVMulAHBayUrPa33NI8=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQniNVawIKYi0YfUhMpx3daq40T2DVIbZWbhV1gYQIiVL2Djb3AfA7QcydLROffq+pwgFlyD43xbuYXFpeWV/GphbX1jc8ve3qnpKFGUVWkkItUIiGaCS1YFDoI1YsVIGAhWD/pXI7/+wJTmkbyDQcz8kHQl73BKwEgte//mnrSG2Etk20wxSIceRNjJUk/zMMNgXLvolJwx8Dxxp6SIpqi07C+vHdEkZBKoIFo3XScGPyUKOBUsK3iJZjGhfdJlTUMlCZn203GUDB8apY07kTJPAh6rvzdSEmo9CAMzGRLo6VlvJP7nNRPoXPgpl3ECTNLJoU4isEk76gW3uWIUxMAQQhU3f8W0RxShYHopmBLc2cjzpHZccs9Kp7cnxfLltI482kMH6Ai56ByV0TWqoCqi6BE9o1f0Zj1ZL9a79TEZzVnTnV30B9bnD2ITmrg=</latexit>

Ja
z ⇠

z!0
ta

<latexit sha1_base64="ZZ8StrZuYw0X/AePY3BzaC3f3NA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJGmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJFIYdN0vp7C0vLK6VlwvbWxube+Ud/eaJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR9dRvPXJtRKzucZxwP6IDJULBKFrpDh9or1xxq+4M5C/xclKBHPVe+bPbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TIKn0SxtqWQjJTf05kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4st/SfOk6p1Xz25PK7WrPI4iHMAhHIMHF1CDG6hDAxgM4Ale4NWRzrPz5rzPWwtOPrMPv+B8fANQE43V</latexit>

ta

“conformal manifold’’ of bCFTs related by bulk symmetry,

•Large    : Coleman-Mermin-Wagner<latexit sha1_base64="ZulQnuAxajCQqeGX0rA170utLio=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HbqN59QaR7JBzOO0Q/pQPI+Z9RYqXbfLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqACd1CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGmyYza</latexit>

L

AdS version of Goldstone’s theorem.

this bc must have disappeared

Objective: understand this transitions in 2d 
examples that are under control thanks to large N



O(N) sigma model in AdS <latexit sha1_base64="pl9xrNUAtuImCuIoAqWLI0QuxAM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eiF48VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xju5nfeuLaiFg94iThQUSHSgwEo2glP5v2aqRXrrhVdw6ySrycVCBHo1f+6vZjlkZcIZPUmI7nJhhkVKNgkk9L3dTwhLIxHfKOpYpG3ATZ/NgpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1UhzcBJlQSYpcscWiQSoJxmT2OekLzRnKiSWUaWFvJWxENWVo8ynZELzll1dJs1b1rqqXDxeV+m0eRxFO4BTOwYNrqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPT9mOXw==</latexit>

2

with Hubbard-Stratonovich auxiliary field    :
<latexit sha1_base64="RccUni7MjUicCIvwZFE191yVtvI="></latexit>

S =

Z 
1
2 (@�

i)2 + �

✓
(�i)2 � N

g2

◆�
+Ntr log(�⇤+ 2�)

<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�

<latexit sha1_base64="88MP82qDm2R0+7I4g9uq6jghEN0=">AAAB8nicbVDLSgMxFM34rPVVdekmWAQXpcyIr41QdONKKtgHTIeSSTNtaCYZkjtCGfoZblwo4tavceffmLaz0NYDgcM595B7T5gIbsB1v52l5ZXVtfXCRnFza3tnt7S33zQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC4e3Ebz0xbbiSjzBKWBCTvuQRpwSs5PNrr9LpKTCV+26p7FbdKfAi8XJSRjnq3dKXTdI0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunKY3xslR6OlLZPAp6qvxMZiY0ZxaGdjAkMzLw3Ef/z/BSiqyDjMkmBSTr7KEoFBoUn9+Me14yCGFlCqOZ2V0wHRBMKtqWiLcGbP3mRNE+r3kX1/OGsXLvJ6yigQ3SETpCHLlEN3aE6aiCKFHpGr+jNAefFeXc+ZqNLTp45QH/gfP4AIVGQhQ==</latexit>

i = 1, . . . , N

<latexit sha1_base64="nD4J+/Qw5fbm/cgUq25ARnu74oI=">AAACD3icbVC7TsMwFHV4lvIKMLJYVKCyVEnFa0GqYGEsgj6kpq0c12mtOk5k3yBVUf+AhV9hYQAhVlY2/gb3MUDLka50dM699r3HjwXX4Djf1sLi0vLKamYtu76xubVt7+xWdZQoyio0EpGq+0QzwSWrAAfB6rFiJPQFq/n965Ffe2BK80jewyBmzZB0JQ84JWCktn10hy+xxyV4EChCU3eYFod5LyYKOBFe3OMtftwqtu2cU3DGwPPEnZIcmqLctr+8TkSTkEmggmjdcJ0YmunoWSrYMOslmsWE9kmXNQyVJGS6mY7vGeJDo3RwEClTEvBY/T2RklDrQeibzpBAT896I/E/r5FAcNFMuYwTYJJOPgoSgSHCo3BwhytGQQwMIVRxsyumPWJyARNh1oTgzp48T6rFgntWOL09yZWupnFk0D46QHnkonNUQjeojCqIokf0jF7Rm/VkvVjv1sekdcGazuyhP7A+fwDhHJv1</latexit>

S =

Z
1
2 (@�

i)2
<latexit sha1_base64="gpo82z/4nFJTL4C8s6bCvxncBpE=">AAACA3icbVDJSgNBEK1xjXEb9aaXxiDES5gJbhch6MWTRDALZCahp9OTNOlZ6O4RwjDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnxZxJZVnfxsLi0vLKam4tv76xubVt7uzWZZQIQmsk4pFoelhSzkJaU0xx2owFxYHHacMbXI/8xgMVkkXhvRrG1A1wL2Q+I1hpqWPuF524z9rsuF1Gl8jxBSbpbZb22uWsYxaskjUGmif2lBRgimrH/HK6EUkCGirCsZQt24qVm2KhGOE0yzuJpDEmA9yjLU1DHFDppuMfMnSklS7yI6ErVGis/p5IcSDlMPB0Z4BVX856I/E/r5Uo/8JNWRgnioZksshPOFIRGgWCukxQovhQE0wE07ci0sc6B6Vjy+sQ7NmX50m9XLLPSqd3J4XK1TSOHBzAIRTBhnOowA1UoQYEHuEZXuHNeDJejHfjY9K6YExn9uAPjM8fPj+WqA==</latexit>

(�i)2 =
N

g2, ,



O(N) sigma model in AdS <latexit sha1_base64="pl9xrNUAtuImCuIoAqWLI0QuxAM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eiF48VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xju5nfeuLaiFg94iThQUSHSgwEo2glP5v2aqRXrrhVdw6ySrycVCBHo1f+6vZjlkZcIZPUmI7nJhhkVKNgkk9L3dTwhLIxHfKOpYpG3ATZ/NgpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1UhzcBJlQSYpcscWiQSoJxmT2OekLzRnKiSWUaWFvJWxENWVo8ynZELzll1dJs1b1rqqXDxeV+m0eRxFO4BTOwYNrqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPT9mOXw==</latexit>

2

with Hubbard-Stratonovich auxiliary field    :
<latexit sha1_base64="RccUni7MjUicCIvwZFE191yVtvI="></latexit>

S =

Z 
1
2 (@�

i)2 + �

✓
(�i)2 � N

g2

◆�
+Ntr log(�⇤+ 2�)

<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�

<latexit sha1_base64="fH6YOsJVkgR5JeEF3KZp760VQqw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZw+xkNhkyO7vO9AphyU948aCIV3/Hm3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3n7g2Ilb3OEq4H9G+EqFgFK3U6tQGgqgH0S2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uwys/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK95F5fzurFy9zuMowCEcwQl4cAlVuIUa1IGBhGd4hTfn0Xlx3p2PWeuSk88cwB84nz+GPI+m</latexit>

�ni

Vacuum equations:
<latexit sha1_base64="WrnDdGpQx82d9yaEdyCVHlh8xHU="></latexit>(
⌃� = 0

�2 � 1
g2 + tr

h
1

�⇤+2⌃

i
= 0

<latexit sha1_base64="OqC/e3O3CslgGqhERYXjsV8MjE0="></latexit>

� = ⌃+
1p
N

�� ,

�i = (
p
N�+ ⇢)ni + ⇡i ,

(ni)2 = 1 , ni⇡i = 0

<latexit sha1_base64="88MP82qDm2R0+7I4g9uq6jghEN0=">AAAB8nicbVDLSgMxFM34rPVVdekmWAQXpcyIr41QdONKKtgHTIeSSTNtaCYZkjtCGfoZblwo4tavceffmLaz0NYDgcM595B7T5gIbsB1v52l5ZXVtfXCRnFza3tnt7S33zQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC4e3Ebz0xbbiSjzBKWBCTvuQRpwSs5PNrr9LpKTCV+26p7FbdKfAi8XJSRjnq3dKXTdI0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunKY3xslR6OlLZPAp6qvxMZiY0ZxaGdjAkMzLw3Ef/z/BSiqyDjMkmBSTr7KEoFBoUn9+Me14yCGFlCqOZ2V0wHRBMKtqWiLcGbP3mRNE+r3kX1/OGsXLvJ6yigQ3SETpCHLlEN3aE6aiCKFHpGr+jNAefFeXc+ZqNLTp45QH/gfP4AIVGQhQ==</latexit>

i = 1, . . . , N

<latexit sha1_base64="nD4J+/Qw5fbm/cgUq25ARnu74oI=">AAACD3icbVC7TsMwFHV4lvIKMLJYVKCyVEnFa0GqYGEsgj6kpq0c12mtOk5k3yBVUf+AhV9hYQAhVlY2/gb3MUDLka50dM699r3HjwXX4Djf1sLi0vLKamYtu76xubVt7+xWdZQoyio0EpGq+0QzwSWrAAfB6rFiJPQFq/n965Ffe2BK80jewyBmzZB0JQ84JWCktn10hy+xxyV4EChCU3eYFod5LyYKOBFe3OMtftwqtu2cU3DGwPPEnZIcmqLctr+8TkSTkEmggmjdcJ0YmunoWSrYMOslmsWE9kmXNQyVJGS6mY7vGeJDo3RwEClTEvBY/T2RklDrQeibzpBAT896I/E/r5FAcNFMuYwTYJJOPgoSgSHCo3BwhytGQQwMIVRxsyumPWJyARNh1oTgzp48T6rFgntWOL09yZWupnFk0D46QHnkonNUQjeojCqIokf0jF7Rm/VkvVjv1sekdcGazuyhP7A+fwDhHJv1</latexit>

S =

Z
1
2 (@�

i)2
<latexit sha1_base64="gpo82z/4nFJTL4C8s6bCvxncBpE=">AAACA3icbVDJSgNBEK1xjXEb9aaXxiDES5gJbhch6MWTRDALZCahp9OTNOlZ6O4RwjDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnxZxJZVnfxsLi0vLKam4tv76xubVt7uzWZZQIQmsk4pFoelhSzkJaU0xx2owFxYHHacMbXI/8xgMVkkXhvRrG1A1wL2Q+I1hpqWPuF524z9rsuF1Gl8jxBSbpbZb22uWsYxaskjUGmif2lBRgimrH/HK6EUkCGirCsZQt24qVm2KhGOE0yzuJpDEmA9yjLU1DHFDppuMfMnSklS7yI6ErVGis/p5IcSDlMPB0Z4BVX856I/E/r5Uo/8JNWRgnioZksshPOFIRGgWCukxQovhQE0wE07ci0sc6B6Vjy+sQ7NmX50m9XLLPSqd3J4XK1TSOHBzAIRTBhnOowA1UoQYEHuEZXuHNeDJejHfjY9K6YExn9uAPjM8fPj+WqA==</latexit>

(�i)2 =
N

g2, ,



Vacuum equations:
<latexit sha1_base64="WrnDdGpQx82d9yaEdyCVHlh8xHU="></latexit>(
⌃� = 0

�2 � 1
g2 + tr

h
1

�⇤+2⌃

i
= 0

<latexit sha1_base64="HBFk9cGNX9OQ9NYxOgRRTV24gfk="></latexit>

� 1

g2reg(µ)
+

1

2⇡
logµ+ f(⌃) =

1

2⇡
log⇤+ f(⌃)



Vacuum equations:
<latexit sha1_base64="WrnDdGpQx82d9yaEdyCVHlh8xHU="></latexit>(
⌃� = 0

�2 � 1
g2 + tr

h
1

�⇤+2⌃

i
= 0

<latexit sha1_base64="HBFk9cGNX9OQ9NYxOgRRTV24gfk="></latexit>

� 1

g2reg(µ)
+

1

2⇡
logµ+ f(⌃) =

1

2⇡
log⇤+ f(⌃)

•Flat space: 
<latexit sha1_base64="7+MYDleDaiBxMwF2/5iivw1jxbg=">AAACJ3icbVDLSgMxFM34rPU16tLNYBHqwjJTfK2k6MZlRfuAZiiZTKYNTTJDkhHKMH/jxl9xI6iILv0T08dCWw8EDuecy809QcKo0q77ZS0sLi2vrBbWiusbm1vb9s5uU8WpxKSBYxbLdoAUYVSQhqaakXYiCeIBI61gcD3yWw9EKhqLez1MiM9RT9CIYqSN1LUvozK8oz2OjmAqQhMkOpsIUMeOm2dQUZ4fw0ginHl5VoUJzSGLe5NQ1y65FXcMZ554U1ICU9S79isMY5xyIjRmSKmO5ybaz5DUFDOSF2GqSILwAPVIx1CBOFF+Nr4zdw6NEjpRLM0T2hmrvycyxJUa8sAkOdJ9NeuNxP+8TqqjCz+jIkk1EXiyKEqZYyoYleaEVBKs2dAQhCU1f3VwH5lKtGmsaErwZk+eJ81qxTurnN6elGpX0zoKYB8cgDLwwDmogRtQBw2AwSN4Bm/g3XqyXqwP63MSXbCmM3vgD6zvH3UQpvQ=</latexit>

f(⌃) ⇠
⌃!0

� 1

2⇡
log⌃

no SSB solution with
<latexit sha1_base64="zsrWJVcj/8KFhWg/aZXmF1/PEes=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBhZREfG2EohuXFe0DmlAm02k7dDKJMxOhhBZ/xY0LRdz6He78G6dtFtp64MLhnHu5954g5kxpx/m25uYXFpeWcyv51bX1jU17a7uqokQSWiERj2Q9wIpyJmhFM81pPZYUhwGntaB3PfJrj1QqFol73Y+pH+KOYG1GsDZS09717lgnxJfO8GjolbvME/QBOU274BSdMdAscTNSgAzlpv3ltSKShFRowrFSDdeJtZ9iqRnhdJD3EkVjTHq4QxuGChxS5afj8wfowCgt1I6kKaHRWP09keJQqX4YmM4Q666a9kbif14j0e0LP2UiTjQVZLKonXCkIzTKArWYpETzviGYSGZuRaSLJSbaJJY3IbjTL8+S6nHRPSue3p4USldZHDnYg304BBfOoQQ3UIYKEEjhGV7hzXqyXqx362PSOmdlMzvwB9bnD+8wlNY=</latexit>

⌃ = 0 , � 6= 0



Vacuum equations:
<latexit sha1_base64="WrnDdGpQx82d9yaEdyCVHlh8xHU="></latexit>(
⌃� = 0

�2 � 1
g2 + tr

h
1

�⇤+2⌃

i
= 0

<latexit sha1_base64="HBFk9cGNX9OQ9NYxOgRRTV24gfk="></latexit>

� 1

g2reg(µ)
+

1

2⇡
logµ+ f(⌃) =

1

2⇡
log⇤+ f(⌃)

•Flat space: 
<latexit sha1_base64="7+MYDleDaiBxMwF2/5iivw1jxbg=">AAACJ3icbVDLSgMxFM34rPU16tLNYBHqwjJTfK2k6MZlRfuAZiiZTKYNTTJDkhHKMH/jxl9xI6iILv0T08dCWw8EDuecy809QcKo0q77ZS0sLi2vrBbWiusbm1vb9s5uU8WpxKSBYxbLdoAUYVSQhqaakXYiCeIBI61gcD3yWw9EKhqLez1MiM9RT9CIYqSN1LUvozK8oz2OjmAqQhMkOpsIUMeOm2dQUZ4fw0ginHl5VoUJzSGLe5NQ1y65FXcMZ554U1ICU9S79isMY5xyIjRmSKmO5ybaz5DUFDOSF2GqSILwAPVIx1CBOFF+Nr4zdw6NEjpRLM0T2hmrvycyxJUa8sAkOdJ9NeuNxP+8TqqjCz+jIkk1EXiyKEqZYyoYleaEVBKs2dAQhCU1f3VwH5lKtGmsaErwZk+eJ81qxTurnN6elGpX0zoKYB8cgDLwwDmogRtQBw2AwSN4Bm/g3XqyXqwP63MSXbCmM3vgD6zvH3UQpvQ=</latexit>

f(⌃) ⇠
⌃!0

� 1

2⇡
log⌃

no SSB solution with
<latexit sha1_base64="zsrWJVcj/8KFhWg/aZXmF1/PEes=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBhZREfG2EohuXFe0DmlAm02k7dDKJMxOhhBZ/xY0LRdz6He78G6dtFtp64MLhnHu5954g5kxpx/m25uYXFpeWcyv51bX1jU17a7uqokQSWiERj2Q9wIpyJmhFM81pPZYUhwGntaB3PfJrj1QqFol73Y+pH+KOYG1GsDZS09717lgnxJfO8GjolbvME/QBOU274BSdMdAscTNSgAzlpv3ltSKShFRowrFSDdeJtZ9iqRnhdJD3EkVjTHq4QxuGChxS5afj8wfowCgt1I6kKaHRWP09keJQqX4YmM4Q666a9kbif14j0e0LP2UiTjQVZLKonXCkIzTKArWYpETzviGYSGZuRaSLJSbaJJY3IbjTL8+S6nHRPSue3p4USldZHDnYg304BBfOoQQ3UIYKEEjhGV7hzXqyXqx362PSOmdlMzvwB9bnD+8wlNY=</latexit>

⌃ = 0 , � 6= 0

<latexit sha1_base64="NIKyJLojbd2f5B5JAlnGc70Wj3o=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRILFQJ4jUwVLAwdCgSfUhtqBzHaa06TmQ7SCXql7AwgBArn8LG3+A+Bmg5kqWjc87VvT5+wpnSjvNt5ZaWV1bX8uuFjc2t7aK9s9tQcSoJrZOYx7LlY0U5E7Sumea0lUiKI5/Tpj+4GfvNRyoVi8W9HibUi3BPsJARrI3UtYvVK9SpmnyAH7Jjd9S1S07ZmQAtEndGSjBDrWt/dYKYpBEVmnCsVNt1Eu1lWGpGOB0VOqmiCSYD3KNtQwWOqPKyyeEjdGiUAIWxNE9oNFF/T2Q4UmoY+SYZYd1X895Y/M9rpzq89DImklRTQaaLwpQjHaNxCyhgkhLNh4ZgIpm5FZE+lpho01XBlODOf3mRNE7K7nn57O60VLme1ZGHfTiAI3DhAipwCzWoA4EUnuEV3qwn68V6tz6m0Zw1m9mDP7A+fwBbRpJE</latexit>

L < ⇤�1

•AdS: 

SSB solution for                : 

<latexit sha1_base64="BHSxT7p4xxd3Ipq2Ry5sKgZj21s="></latexit>

f(⌃) ⇠
⌃!0

� 1

2⇡
logL

<latexit sha1_base64="w7+AcytNNpgekg/Un7yYiDgdFDk=">AAACD3icbVC7TsMwFHXKq5RXgJHFogKVgSqpeC1IFSwMHYpEH1ITKsd1WqtOHNkOUhXlD1j4FRYGEGJlZeNvcNsM0HKkKx2dc6997/EiRqWyrG8jt7C4tLySXy2srW9sbpnbO03JY4FJA3PGRdtDkjAakoaiipF2JAgKPEZa3vB67LceiJCUh3dqFBE3QP2Q+hQjpaWueejUB/S+Ai/hseMLhBM7TSpORFOH8X6p5tT0Uz101DWLVtmaAM4TOyNFkKHeNb+cHsdxQEKFGZKyY1uRchMkFMWMpAUnliRCeIj6pKNpiAIi3WRyTwoPtNKDPhe6QgUn6u+JBAVSjgJPdwZIDeSsNxb/8zqx8i/chIZRrEiIpx/5MYOKw3E4sEcFwYqNNEFYUL0rxAOkY1E6woIOwZ49eZ40K2X7rHx6e1KsXmVx5MEe2AclYINzUAU3oA4aAINH8AxewZvxZLwY78bHtDVnZDO74A+Mzx+/8ptA</latexit>

�2 = � 1

2⇡
log(L⇤)



<latexit sha1_base64="5C+o0Ni4Z0ss/1nR+ToB2NSZuGQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPUcwDkiXMTmaTIbOzy0yvEJb8gRcPinj1j7z5N06SPWi0oKGo6qa7K0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00v0t6ZUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL3z6tndaaV2lcdRhAM4hGPw4AJqcAN1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/8eY0E</latexit>

L

<latexit sha1_base64="Qx3zu9vjMkXIy49a01Fd2KyfgQA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgxpKIr2XRjQsXFewDmlgmk0k7dDIJMxOhhPyGGxeKuPVn3Pk3TtsstPXAwOGcc7l3jp9wprRtf1ulpeWV1bXyemVjc2t7p7q711ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qZ+J0nKhWLxYMeJ9SL8ECwkBGsjeS6dyYa4MfsxMn71Zpdt6dAi8QpSA0KNPvVLzeISRpRoQnHSvUcO9FehqVmhNO84qaKJpiM8ID2DBU4osrLpjfn6MgoAQpjaZ7QaKr+nshwpNQ48k0ywnqo5r2J+J/XS3V45WVMJKmmgswWhSlHOkaTAlDAJCWajw3BRDJzKyJDLDHRpqaKKcGZ//IiaZ/WnYv6+f1ZrXFd1FGGAziEY3DgEhpwC01oAYEEnuEV3qzUerHerY9ZtGQVM/vwB9bnD20rkU0=</latexit>

⇤�1

<latexit sha1_base64="Q4O94nfHjqhqVKHqah0JwMRKfm0=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBhZREfG2EohuXFe0DmlAm02k7dDKJMxOhhBZ/xY0LRdz6He78G6dtFtp64MLhnHu5954g5kxpx/m25uYXFpeWcyv51bX1jU17a7uqokQSWiERj2Q9wIpyJmhFM81pPZYUhwGntaB3PfJrj1QqFol73Y+pH+KOYG1GsDZS0971yl3mCfqAnOHR0LtjnRBfOk274BSdMdAscTNSgAzlpv3ltSKShFRowrFSDdeJtZ9iqRnhdJD3EkVjTHq4QxuGChxS5afj8wfowCgt1I6kKaHRWP09keJQqX4YmM4Q666a9kbif14j0e0LP2UiTjQVZLKonXCkIzTKArWYpETzviGYSGZuRaSLJSbaJJY3IbjTL8+S6nHRPSue3p4USldZHDnYg304BBfOoQQ3UIYKEEjhGV7hzXqyXqx362PSOmdlMzvwB9bnD+8dlNY=</latexit>

� 6= 0 , ⌃ = 0
<latexit sha1_base64="H6LRjW/YTYERsoSDlKf48Zle3fw=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEF1IS8bURim5cVrQPaEKZTKft0MkkzkyEEtqNv+LGhSJu/Qt3/o3TNgttPXDhcM693HtPEHOmtON8W3PzC4tLy7mV/Ora+samvbVdVVEiCa2QiEeyHmBFORO0opnmtB5LisOA01rQux75tUcqFYvEve7H1A9xR7A2I1gbqWnveuUuQ5fIGR4NvTvWCTHyBH1ATtMuOEVnDDRL3IwUIEO5aX95rYgkIRWacKxUw3Vi7adYakY4HeS9RNEYkx7u0IahAodU+en4gwE6MEoLtSNpSmg0Vn9PpDhUqh8GpjPEuqumvZH4n9dIdPvCT5mIE00FmSxqJxzpCI3iQC0mKdG8bwgmkplbEeliiYk2oeVNCO70y7Okelx0z4qntyeF0lUWRw72YB8OwYVzKMENlKECBIbwDK/wZj1ZL9a79TFpnbOymR34A+vzB/zwlVQ=</latexit>

� = 0 , ⌃ 6= 0

SSB Gapped

So far: bulk analysis of the effective potential.

How is the transition detected from the bCFT?

We look at the spectrum of                -singlet scalars.

<latexit sha1_base64="0rH37T3O8TI+5WajHO4lSutfft4=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzGBhWSG+FoS3bhSTOSRwEg6pQMNnc6k7WjIhP9w40Jj3Pov7vwbC8xCwZM0PTnn3tx7jxdxprRtf1uZpeWV1bXsem5jc2t7J7+711BhLAmtk5CHsuVhRTkTtK6Z5rQVSYoDj9OmN7ya+M1HKhULxb0eRdQNcF8wnxGsjfRwW7wpdXSIzH/slLr5gl22p0CLxElJAVLUuvmvTi8kcUCFJhwr1XbsSLsJlpoRTse5TqxohMkQ92nbUIEDqtxkuvUYHRmlh/xQmic0mqq/OxIcKDUKPFMZYD1Q895E/M9rx9q/cBMmolhTQWaD/Jgjc+ckAtRjkhLNR4ZgIpnZFZEBlphoE1TOhODMn7xIGpWyc1Y+vTspVC/TOLJwAIdQBAfOoQrXUIM6EJDwDK/wZj1ZL9a79TErzVhpzz78gfX5A6EykKk=</latexit>

O(N) ! O(N � 1)

<latexit sha1_base64="D4ng+cFGh6WstfLCFTSv7hgkuGw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiwbArvo5BL540gnlAsoTZyWwyZnZmmZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuCmLOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1rVMFKE1IrlUzQBrypmgNcMMp81YURwFnDaCwfXYbzxRpZkUD2YYUz/CPcFCRrCxUv2udHvsHXUKRbfsToDmiZeRImSodgpf7a4kSUSFIRxr3fLc2PgpVoYRTkf5dqJpjMkA92jLUoEjqv10cu0IHVqli0KpbAmDJurviRRHWg+jwHZG2PT1rDcW//NaiQkv/ZSJODFUkOmiMOHISDR+HXWZosTwoSWYKGZvRaSPFSbGBpS3IXizL8+T+knZOy+f3Z8WK1dZHDnYhwMogQcXUIEbqEINCDzCM7zCmyOdF+fd+Zi2LjjZzB78gfP5A+cPjgw=</latexit>

O(N � 1)

We will find: an operator hits marginality at the transition, 
beyond the SSB bc becomes complex beyond.



Quadratic action for fluctuations:
<latexit sha1_base64="z2npMlZWwwbE3RlSPOXU1Wjuzhk="></latexit>

S(2) =

Z
1

2
(@⇢)2 + 2���⇢+ ��

✓
1

�⇤

◆2

��

Expand in a basis of eigenfunctions of the Laplacian:
<latexit sha1_base64="8z9uqdz7uN286pgJNF78mSZfiUo="></latexit>

�⇤x⌦⌫(x,y) =
1
L2 (⌫

2 + 1
4 )⌦⌫(x,y) , ⌫ 2 R

<latexit sha1_base64="sF2adEFFgvgu89pzkICiSznxcyw="></latexit>✓
1

�⇤

◆2

(x,y) =

Z +1

�1
d⌫ B(⌫)⌦⌫(x,y)

<latexit sha1_base64="G+cfqdmhvl9XNnow/hJs2TZPtLQ="></latexit>

B(⌫) = 1
2⇡

 (i ⌫2 + 3
4 ) +  (�i ⌫2 + 3

4 ) + log 4 + 2�E
⌫2 + 1

4

[Carmi, DP, 
Komatsu]

<latexit sha1_base64="tT8jPhqDERITr4bhwG2qkassRGo="></latexit>

h
✓
��
⇢

◆�
�� ⇢

�
i(⌫) =

✓
�2B(⌫) �2�
�2� ⌫2 + 1

4

◆�1



Poles of               give the bOPE expansion 
<latexit sha1_base64="S9V5toa1q619b2OnIJf+MKHZ6Sw=">AAACF3icbVDLSsNAFJ3UV42vqEs3g0Wom5CIr2XRjTsr2Ac0oUymk3boZBJmJkIJ/Qs3/oobF4q41Z1/4yTNQlsPDBzOOZe59wQJo1I5zrdRWVpeWV2rrpsbm1vbO9buXlvGqcCkhWMWi26AJGGUk5aiipFuIgiKAkY6wfg69zsPREga83s1SYgfoSGnIcVIaalv2R5DfMgINL0IqRFGLLud/qJaF0Wg7vH0GPatmmM7BeAicUtSAyWafevLG8Q4jQhXmCEpe66TKD9DQlHMyNT0UkkShMdoSHqachQR6WfFXVN4pJUBDGOhH1ewUH9PZCiSchIFOplvLOe9XPzP66UqvPQzypNUEY5nH4UpgyqGeUlwQAXBik00QVhQvSvEIyQQVrpKU5fgzp+8SNontntun92d1hpXZR1VcAAOQR244AI0wA1oghbA4BE8g1fwZjwZL8a78TGLVoxyZh/8gfH5A+q7nyM=</latexit>

hOOi(⌫)

Spectrum of 
singlet operators

= Poles of
<latexit sha1_base64="pcAR0IKAlLBVflMLzG9ygbcpuiU="></latexit>

h
✓
��
⇢

◆�
�� ⇢

�
i(⌫)



Poles of               give the bOPE expansion 
<latexit sha1_base64="S9V5toa1q619b2OnIJf+MKHZ6Sw=">AAACF3icbVDLSsNAFJ3UV42vqEs3g0Wom5CIr2XRjTsr2Ac0oUymk3boZBJmJkIJ/Qs3/oobF4q41Z1/4yTNQlsPDBzOOZe59wQJo1I5zrdRWVpeWV2rrpsbm1vbO9buXlvGqcCkhWMWi26AJGGUk5aiipFuIgiKAkY6wfg69zsPREga83s1SYgfoSGnIcVIaalv2R5DfMgINL0IqRFGLLud/qJaF0Wg7vH0GPatmmM7BeAicUtSAyWafevLG8Q4jQhXmCEpe66TKD9DQlHMyNT0UkkShMdoSHqachQR6WfFXVN4pJUBDGOhH1ewUH9PZCiSchIFOplvLOe9XPzP66UqvPQzypNUEY5nH4UpgyqGeUlwQAXBik00QVhQvSvEIyQQVrpKU5fgzp+8SNontntun92d1hpXZR1VcAAOQR244AI0wA1oghbA4BE8g1fwZjwZL8a78TGLVoxyZh/8gfH5A+q7nyM=</latexit>

hOOi(⌫)

Spectrum of 
singlet operators

= Poles of
<latexit sha1_base64="pcAR0IKAlLBVflMLzG9ygbcpuiU="></latexit>

h
✓
��
⇢

◆�
�� ⇢

�
i(⌫)
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SSB BC O(N)-singlet Dirichlet O(N)-singlet Neumann



At                 an operator       becomes marginal.         
For                 the SSB Dirichlet bc becomes complex:

The SSB Dirichlet continuously connects at          
with the symmetry-preserving Dirichlet condition      
which persists for 

<latexit sha1_base64="ZbxuqGs0/K1sLKvHGZUd6fj84xU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9IljA76U2GzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSK4Nq777Swtr6yurRc2iptb2zu7pb39ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGtxO/+YRK81g+mFGCfkT7koecUWOlVqc24OSauN1S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjlZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgapxXvonJ+f1au3uRxFOAQjuAEPLiEKtxBDerAQMAzvMKb8+i8OO/Ox6x1yclnDuAPnM8fhu2O/g==</latexit>

� = 0

<latexit sha1_base64="dX6KaQxgYzGo0Cpk6Rxo7SlPVdg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSTi17HoxWMFawtNKJPtpl26uwm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88miTTlLVoIhLdicAwwRVrIUfBOqlmICPB2tHoduq3n5g2PFEPOE5ZKGGgeMwpoJWCYAiYB4YPJEx61ZpX92Zwl4lfkBop0OxVv4J+QjPJFFIBxnR9L8UwB42cCjapBJlhKdARDFjXUgWSmTCf3TxxT6zSd+NE21LoztTfEzlIY8Yysp0ScGgWvan4n9fNML4Oc67SDJmi80VxJlxM3GkAbp9rRlGMLQGqub3VpUPQQNHGVLEh+IsvL5PHs7p/Wb+4P681boo4yuSIHJNT4pMr0iB3pElahJKUPJNX8uZkzovz7nzMW0tOMXNI/sD5/AF2N5H6</latexit>

�̂
<latexit sha1_base64="yOUiYLMON7ZOUNhpUeEi9nZGuwY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBLxtRGKblx0UcE+oI1lMpm0QyeTMDMplNA/ceNCEbf+iTv/xmmbhbYeGDiccw/3zvETzpR2nG9raXlldW29sFHc3Nre2bX39hsqTiWhdRLzWLZ8rChngtY105y2Eklx5HPa9Ad3E785pFKxWDzqUUK9CPcECxnB2khd266iG9SpmkCAn7JTd9y1S07ZmQItEjcnJchR69pfnSAmaUSFJhwr1XadRHsZlpoRTsfFTqpogskA92jbUIEjqrxsevkYHRslQGEszRMaTdXfiQxHSo0i30xGWPfVvDcR//PaqQ6vvYyJJNVUkNmiMOVIx2hSAwqYpETzkSGYSGZuRaSPJSbalFU0JbjzX14kjbOye1m+eDgvVW7zOgpwCEdwAi5cQQXuoQZ1IDCEZ3iFNyuzXqx362M2umTlmQP4A+vzB7SCkm8=</latexit>

L = ⇤�1

<latexit sha1_base64="APINDKU7XWD/zOT/aeB11EEm9lg=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBLxtZKiGxddVLAPaGOZTCbt0MkkzEwKJfRP3LhQxK1/4s6/cdpmoa0HBg7n3MO9c/yEM6Ud59taWl5ZXVsvbBQ3t7Z3du29/YaKU0loncQ8li0fK8qZoHXNNKetRFIc+Zw2/cHdxG8OqVQsFo96lFAvwj3BQkawNlLXtqvoBnWqJhDgp+zUHXftklN2pkCLxM1JCXLUuvZXJ4hJGlGhCcdKtV0n0V6GpWaE03GxkyqaYDLAPdo2VOCIKi+bXj5Gx0YJUBhL84RGU/V3IsORUqPIN5MR1n01703E/7x2qsNrL2MiSTUVZLYoTDnSMZrUgAImKdF8ZAgmkplbEeljiYk2ZRVNCe78lxdJ46zsXpYvHs5Lldu8jgIcwhGcgAtXUIF7qEEdCAzhGV7hzcqsF+vd+piNLll55gD+wPr8AbYTknA=</latexit>

L > ⇤�1

<latexit sha1_base64="yOUiYLMON7ZOUNhpUeEi9nZGuwY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBLxtRGKblx0UcE+oI1lMpm0QyeTMDMplNA/ceNCEbf+iTv/xmmbhbYeGDiccw/3zvETzpR2nG9raXlldW29sFHc3Nre2bX39hsqTiWhdRLzWLZ8rChngtY105y2Eklx5HPa9Ad3E785pFKxWDzqUUK9CPcECxnB2khd266iG9SpmkCAn7JTd9y1S07ZmQItEjcnJchR69pfnSAmaUSFJhwr1XadRHsZlpoRTsfFTqpogskA92jbUIEjqrxsevkYHRslQGEszRMaTdXfiQxHSo0i30xGWPfVvDcR//PaqQ6vvYyJJNVUkNmiMOVIx2hSAwqYpETzkSGYSGZuRaSPJSbalFU0JbjzX14kjbOye1m+eDgvVW7zOgpwCEdwAi5cQQXuoQZ1IDCEZ3iFNyuzXqx362M2umTlmQP4A+vzB7SCkm8=</latexit>

L = ⇤�1

<latexit sha1_base64="vHSZe2akkSQ/ONMTYeSTxOa8y6c=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68eAhglkgM4SeTk/SpKdn6K4RhpDf8OJBEa/+jDf/xs5y0MQHBY/3qqiqF6ZSGHTdb6ewsrq2vlHcLG1t7+zulfcPmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC4e3Ebz1xbUSiHjFPeRDTvhKRYBSt5N8THxPiCxVh3i1X3Ko7BVkm3pxUYI56t/zl9xKWxVwhk9SYjuemGIyoRsEkH5f8zPCUsiHt846lisbcBKPpzWNyYpUeiRJtSyGZqr8nRjQ2Jo9D2xlTHJhFbyL+53UyjK6DkVBphlyx2aIok8T+OQmA9ITmDGVuCWVa2FsJG1BNGdqYSjYEb/HlZdI8q3qX1YuH80rtZh5HEY7gGE7BgyuowR3UoQEMUniGV3hzMufFeXc+Zq0FZz5zCH/gfP4AajKRTQ==</latexit>

L ! 1

<latexit sha1_base64="5C+o0Ni4Z0ss/1nR+ToB2NSZuGQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPUcwDkiXMTmaTIbOzy0yvEJb8gRcPinj1j7z5N06SPWi0oKGo6qa7K0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00v0t6ZUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL3z6tndaaV2lcdRhAM4hGPw4AJqcAN1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/8eY0E</latexit>

L
<latexit sha1_base64="Qx3zu9vjMkXIy49a01Fd2KyfgQA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgxpKIr2XRjQsXFewDmlgmk0k7dDIJMxOhhPyGGxeKuPVn3Pk3TtsstPXAwOGcc7l3jp9wprRtf1ulpeWV1bXyemVjc2t7p7q711ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qZ+J0nKhWLxYMeJ9SL8ECwkBGsjeS6dyYa4MfsxMn71Zpdt6dAi8QpSA0KNPvVLzeISRpRoQnHSvUcO9FehqVmhNO84qaKJpiM8ID2DBU4osrLpjfn6MgoAQpjaZ7QaKr+nshwpNQ48k0ywnqo5r2J+J/XS3V45WVMJKmmgswWhSlHOkaTAlDAJCWajw3BRDJzKyJDLDHRpqaKKcGZ//IiaZ/WnYv6+f1ZrXFd1FGGAziEY3DgEhpwC01oAYEEnuEV3qzUerHerY9ZtGQVM/vwB9bnD20rkU0=</latexit>

⇤�1

<latexit sha1_base64="RZPk4QoybUxtcOb+t5qHV4V+jbI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVo16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD2M2M+w==</latexit>m <latexit sha1_base64="dE/lbzkxODWk0z3ibYske/4RuRc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjQsXFewDOkPJZDJtaJIZkoxQhv6GGxeKuPVn3Pk3pu0stPVA4HDOudybE6acaeO6305pZXVtfaO8Wdna3tndq+4ftHWSKUJbJOGJ6oZYU84kbRlmOO2mimIRctoJR7dTv/NElWaJfDTjlAYCDySLGcHGSr6vmUD+vc1HuF+tuXV3BrRMvILUoECzX/3yo4RkgkpDONa657mpCXKsDCOcTip+pmmKyQgPaM9SiQXVQT67eYJOrBKhOFH2SYNm6u+JHAutxyK0SYHNUC96U/E/r5eZ+DrImUwzQyWZL4ozjkyCpgWgiClKDB9bgoli9lZEhlhhYmxNFVuCt/jlZdI+q3uX9YuH81rjpqijDEdwDKfgwRU04A6a0AICKTzDK7w5mfPivDsf82jJKWYO4Q+czx+G1ZFe</latexit>

⇠ ⇤

<latexit sha1_base64="ksGL96HpPq0kRBWHj+h77dSpkOw="></latexit>

b2�� �̂ ⇠
�!0

144

⇡2
�2 , �2 = � 1

2⇡
log(L⇤)



Gross-Neveu model in AdS <latexit sha1_base64="pl9xrNUAtuImCuIoAqWLI0QuxAM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eiF48VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xju5nfeuLaiFg94iThQUSHSgwEo2glP5v2aqRXrrhVdw6ySrycVCBHo1f+6vZjlkZcIZPUmI7nJhhkVKNgkk9L3dTwhLIxHfKOpYpG3ATZ/NgpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1UhzcBJlQSYpcscWiQSoJxmT2OekLzRnKiSWUaWFvJWxENWVo8ynZELzll1dJs1b1rqqXDxeV+m0eRxFO4BTOwYNrqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPT9mOXw==</latexit>

2

with Hubbard-Stratonovich auxiliary field    :<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�
<latexit sha1_base64="eWAEplX6xPuNqGqsLjlBDHNGquI="></latexit>

S =

Z
 ̄ir i + � ̄i 

i � N2

2g
�2 �Ntr log (r+ 2�)

<latexit sha1_base64="nKoBV1xB4T3mUrI+FgqpBYiRhJ8="></latexit>

S =

Z
 ̄ir i � g

N
( ̄i 

i)2 ,

<latexit sha1_base64="wggIFQJMRUqwaYac+5C0CfDKQwA=">AAACI3icbVDJSgNBEO2JW4xb1KOXxiB4CjPihiAEvXjwEMUskJkMPZ1K0qSnZ+juEcOQf/Hir3jxoAQvHvwXOwui0QcFj/eqqKoXxJwpbdsfVmZufmFxKbucW1ldW9/Ib25VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC7HPm1e5CKReJO92PwQtIRrM0o0Uby82durFiT4XM3gA4TaRwSLdnDIOfSLvOvjeO6E37bZDkXROu7xc8X7KI9Bv5LnCkpoCnKfn7otiKahCA05USphmPH2kuJ1IxyMCsTBTGhPdKBhqGChKC8dPzjAO8ZpYXbkTQlNB6rPydSEirVDwPTae7rqllvJP7nNRLdPvVSJuJEg6CTRe2EYx3hUWC4xSRQzfuGECqZuRXTLpGEahNrzoTgzL78l1QPis5x8ejmsFC6mMaRRTtoF+0jB52gErpCZVRBFD2iZ/SK3qwn68UaWu+T1ow1ndlGv2B9fgFJwKSz</latexit>

 i =

✓
�i
L

�i
R

◆

<latexit sha1_base64="88MP82qDm2R0+7I4g9uq6jghEN0=">AAAB8nicbVDLSgMxFM34rPVVdekmWAQXpcyIr41QdONKKtgHTIeSSTNtaCYZkjtCGfoZblwo4tavceffmLaz0NYDgcM595B7T5gIbsB1v52l5ZXVtfXCRnFza3tnt7S33zQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC4e3Ebz0xbbiSjzBKWBCTvuQRpwSs5PNrr9LpKTCV+26p7FbdKfAi8XJSRjnq3dKXTdI0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunKY3xslR6OlLZPAp6qvxMZiY0ZxaGdjAkMzLw3Ef/z/BSiqyDjMkmBSTr7KEoFBoUn9+Me14yCGFlCqOZ2V0wHRBMKtqWiLcGbP3mRNE+r3kX1/OGsXLvJ6yigQ3SETpCHLlEN3aE6aiCKFHpGr+jNAefFeXc+ZqNLTp45QH/gfP4AIVGQhQ==</latexit>

i = 1, . . . , N



Gross-Neveu model in AdS <latexit sha1_base64="pl9xrNUAtuImCuIoAqWLI0QuxAM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eiF48VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xju5nfeuLaiFg94iThQUSHSgwEo2glP5v2aqRXrrhVdw6ySrycVCBHo1f+6vZjlkZcIZPUmI7nJhhkVKNgkk9L3dTwhLIxHfKOpYpG3ATZ/NgpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1UhzcBJlQSYpcscWiQSoJxmT2OekLzRnKiSWUaWFvJWxENWVo8ynZELzll1dJs1b1rqqXDxeV+m0eRxFO4BTOwYNrqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPT9mOXw==</latexit>

2

with Hubbard-Stratonovich auxiliary field    :<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�
<latexit sha1_base64="eWAEplX6xPuNqGqsLjlBDHNGquI="></latexit>

S =

Z
 ̄ir i + � ̄i 

i � N2

2g
�2 �Ntr log (r+ 2�)

<latexit sha1_base64="Gq7qQwa/edaCLuBKe35RgMC2crM=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0UQhJIUXxuh6MaVVLSt0IQymU7aoZOHMzdCCfkPN/6KGxeKuBJc+DdO0y609cDA4ZxzuXOPFwuuwLK+jcLc/MLiUnG5tLK6tr5hbm41VZRIyho0EpG884higoesARwEu4slI4EnWMsbXIz81gOTikfhLQxj5gakF3KfUwJa6phVR/FeQPAZdm5ycoAd8CWhqZ2ljrqXkF5lmdNlAggeZztm2apYOfAssSekjCaod8xPpxvRJGAhUEGUattWDG5KJHAqWFZyEsViQgekx9qahiRgyk3z2zK8p5Uu9iOpXwg4V39PpCRQahh4OhkQ6KtpbyT+57UT8E/dlIdxAiyk40V+IjBEeFQU7nLJKIihJoRKrv+KaZ/oZkDXWdIl2NMnz5JmtWIfV46uD8u180kdRbSDdtE+stEJqqFLVEcNRNEjekav6M14Ml6Md+NjHC0Yk5lt9AfG1w+d5KE3</latexit>

� = ⌃+ 1p
N
��

Symmetry:
<latexit sha1_base64="a4PhPsZtZOWI8S3RtgixRdmyb4E=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpXaqk4jUWWJigSPQhmihyXKe16jiR7SBVUUcWfoWFAYRY+QQ2/gan7QAtR7rS0Tn36t57/JhRqSzr28gtLC4tr+RXC2vrG5tb5vZOU0aJwKSBIxaJto8kYZSThqKKkXYsCAp9Rlr+4DLzWw9ESBrxOzWMiRuiHqcBxUhpyTP3b0rV67LXhI6iIZGw5IRI9X0/vR951bJ37plFq2KNAeeJPSVFMEXdM7+cboSTkHCFGZKyY1uxclMkFMWMjApOIkmM8AD1SEdTjvRWNx0/MoKHWunCIBK6uIJj9fdEikIph6GvO7Mz5ayXif95nUQFZ25KeZwowvFkUZAwqCKYpQK7VBCs2FAThAXVt0LcRwJhpbMr6BDs2ZfnSbNasU8qx7dHxdrFNI482AMHoARscApq4ArUQQNg8AiewSt4M56MF+Pd+Ji05ozpzC74A+PzBwjcmBw=</latexit>

O(2N)V ⇥ (Z2)A

Vacuum equation:
<latexit sha1_base64="QqtWlyL3G5jCp1ty65FOlc8I1a0="></latexit>

⌃

g
+ tr


1

r+ 2⌃

�
= 0

<latexit sha1_base64="bJ33nVgq3U1vU6P0VggP1oNL3X4=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8eI5gHZJcxOepMhM7ObmdlAWPIdXjwo4tWP8ebfOEn2oNGChqKqm+6uMOFMG9f9cgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRINnEloGGY4tBMFRIQcWuHwdua3xqA0i+WjmSQQCNKXLGKUGCsF/gPrC4J9CSPsdssVt+rOgf8SLycVlKPeLX/6vZimAqShnGjd8dzEBBlRhlEO05KfakgIHZI+dCyVRIAOsvnRU3xilR6OYmVLGjxXf05kRGg9EaHtFMQM9LI3E//zOqmJroOMySQ1IOliUZRybGI8SwD3mAJq+MQSQhWzt2I6IIpQY3Mq2RC85Zf/kuZZ1busXtyfV2o3eRxFdISO0Sny0BWqoTtURw1E0Qg9oRf06oydZ+fNeV+0Fpx85hD9gvPxDahXkWM=</latexit>

⌃ 6= 0

<latexit sha1_base64="kfSNSgj9ZVpdFEW1VlxKlNWhdfY=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJewGX8egF08awTwgWcLsZDYZMjO7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BTFn2rjut7O0vLK6tp7byG9ube/sFvb2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw+uJ33yiSrNIPphRTH2B+5KFjGBjpdZdqXJ70m2gbqHolt0p0CLxMlKEDLVu4avTi0giqDSEY63bnhsbP8XKMMLpON9JNI0xGeI+bVsqsaDaT6f3jtGxVXoojJQtadBU/T2RYqH1SAS2U2Az0PPeRPzPaycmvPRTJuPEUElmi8KEIxOhyfOoxxQlho8swUQxeysiA6wwMTaivA3Bm395kTQqZe+8fHZ/WqxeZXHk4BCOoAQeXEAVbqAGdSDA4Rle4c15dF6cd+dj1rrkZDMH8AfO5w80aY7J</latexit>

O(2N)V

<latexit sha1_base64="nKoBV1xB4T3mUrI+FgqpBYiRhJ8="></latexit>

S =

Z
 ̄ir i � g

N
( ̄i 

i)2 ,

<latexit sha1_base64="wggIFQJMRUqwaYac+5C0CfDKQwA=">AAACI3icbVDJSgNBEO2JW4xb1KOXxiB4CjPihiAEvXjwEMUskJkMPZ1K0qSnZ+juEcOQf/Hir3jxoAQvHvwXOwui0QcFj/eqqKoXxJwpbdsfVmZufmFxKbucW1ldW9/Ib25VVZRIChUa8UjWA6KAMwEVzTSHeiyBhAGHWtC7HPm1e5CKReJO92PwQtIRrM0o0Uby82durFiT4XM3gA4TaRwSLdnDIOfSLvOvjeO6E37bZDkXROu7xc8X7KI9Bv5LnCkpoCnKfn7otiKahCA05USphmPH2kuJ1IxyMCsTBTGhPdKBhqGChKC8dPzjAO8ZpYXbkTQlNB6rPydSEirVDwPTae7rqllvJP7nNRLdPvVSJuJEg6CTRe2EYx3hUWC4xSRQzfuGECqZuRXTLpGEahNrzoTgzL78l1QPis5x8ejmsFC6mMaRRTtoF+0jB52gErpCZVRBFD2iZ/SK3qwn68UaWu+T1ow1ndlGv2B9fgFJwKSz</latexit>

 i =

✓
�i
L

�i
R

◆

<latexit sha1_base64="88MP82qDm2R0+7I4g9uq6jghEN0=">AAAB8nicbVDLSgMxFM34rPVVdekmWAQXpcyIr41QdONKKtgHTIeSSTNtaCYZkjtCGfoZblwo4tavceffmLaz0NYDgcM595B7T5gIbsB1v52l5ZXVtfXCRnFza3tnt7S33zQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC4e3Ebz0xbbiSjzBKWBCTvuQRpwSs5PNrr9LpKTCV+26p7FbdKfAi8XJSRjnq3dKXTdI0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunKY3xslR6OlLZPAp6qvxMZiY0ZxaGdjAkMzLw3Ef/z/BSiqyDjMkmBSTr7KEoFBoUn9+Me14yCGFlCqOZ2V0wHRBMKtqWiLcGbP3mRNE+r3kX1/OGsXLvJ6yigQ3SETpCHLlEN3aE6aiCKFHpGr+jNAefFeXc+ZqNLTp45QH/gfP4AIVGQhQ==</latexit>

i = 1, . . . , N



<latexit sha1_base64="PNJCuKU+pvs2YHxgv3wstspLoxw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEF1IS8bUsunHhoop9QBvDZDpph04mYWZSqKFf4saFIm79FHf+jdPHQlsPXDiccy/33hMknCntON9Wbml5ZXUtv17Y2NzaLto7u3UVp5LQGol5LJsBVpQzQWuaaU6biaQ4CjhtBP3rsd8YUKlYLB70MKFehLuChYxgbSTfLrYHWCY95me3x/ejR+zbJafsTIAWiTsjJZih6ttf7U5M0ogKTThWquU6ifYyLDUjnI4K7VTRBJM+7tKWoQJHVHnZ5PAROjRKB4WxNCU0mqi/JzIcKTWMAtMZYd1T895Y/M9rpTq89DImklRTQaaLwpQjHaNxCqjDJCWaDw3BRDJzKyI9LDHRJquCCcGdf3mR1E/K7nn57O60VLmaxZGHfTiAI3DhAipwA1WoAYEUnuEV3qwn68V6tz6mrTlrNrMHf2B9/gCa9pMR</latexit>

'a
L,R ,

<latexit sha1_base64="srhFju6uTH1j6M9XFzIm+rGzZDQ=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAILkqZKb42QtGNK6lgH9AOJZNm2tBMZkgyQh36JW5cKOLWT3Hn35i2s9DWA4HDOfdwb44fc6a043xbuZXVtfWN/GZha3tnt2jv7TdVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Y9upn7rkUrFIvGgxzH1QjwQLGAEayP17CJGV8gtd/uRVmVUvevZJafizICWiZuREmSo9+wvkyVJSIUmHCvVcZ1YeymWmhFOJ4VuomiMyQgPaMdQgUOqvHR2+AQdG6WPgkiaJzSaqb8TKQ6VGoe+mQyxHqpFbyr+53USHVx6KRNxoqkg80VBwpGO0LQF1GeSEs3HhmAimbkVkSGWmGjTVcGU4C5+eZk0qxX3vHJ2f1qqXWd15OEQjuAEXLiAGtxCHRpAIIFneIU368l6sd6tj/lozsoyB/AH1ucPCNORaA==</latexit>

a = 1, . . . , 2N

<latexit sha1_base64="zwBdil4oBeqPMYE4pTTHNtowkj0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3+DoGvXjSCOYByRJmJ7PJkJnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WjGMfUFHkgWMoKNlVr35erdaa/ZK5bcijsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezcCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R31maLE8LElmChmb0VkiBUmxiZUsCF4iy8vk2a14l1Uzh/OSrXrLI48HMExlMGDS6jBLdShAQRG8Ayv8ObEzovz7nzMW3NONnMIf+B8/gDdFY6f</latexit>

O(2N)V :

<latexit sha1_base64="taWS8/zlUyKsdkt7JM4ZCZY+E2k="></latexit>

 ̄i 
i = �⇤

R i �
i
L + c.c. = 'a

R'
a
L

<latexit sha1_base64="SyeyabjkzPsggrBBwcyamBSauOQ=">AAACFHicbVDJSgNBFOxxjXEb9eilMQiCEmbE7Rj04kEhilkgy/Cm05M06Vno7gmEYfwHL/6KFw+KePXgzb+xsxxMYkFDUfUer6vciDOpLOvHmJtfWFxazqxkV9fWNzbNre2yDGNBaImEPBRVFyTlLKAlxRSn1UhQ8F1OK273auBXelRIFgYPqh/Rhg/tgHmMgNKSYx7WeyCiDnOS+6ObtAm4rkJ82wQneXTTSc91zJyVt4bAs8Qekxwao+iY3/VWSGKfBopwkLJmW5FqJCAUI5ym2XosaQSkC21a0zQAn8pGMgyV4n2ttLAXCv0ChYfq340EfCn7vqsnfVAdOe0NxP+8Wqy8i0bCgihWNCCjQ17MsQ4+aAi3mKBE8b4mQATTf8WkAwKI0j1mdQn2dORZUj7O22f507uTXOFyXEcG7aI9dIBsdI4K6BoVUQkR9IRe0Bt6N56NV+PD+ByNzhnjnR00AePrF9JqnrI=</latexit>

'a
R,L ! Ma

b'
b
R,L

<latexit sha1_base64="zFSUwKiIL+jwKv08hEGhCMMBe/0=">AAAB+XicbVDLTsJAFL3FF+Kr6tLNRGKCG9ISX0vUjUtMBIzQNNNhChOm02ZmSkIa/sSNC41x65+4828coAsFTzLJyTn35p45QcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY/lY4AV5UzQpmaa08dEUhwFnLaD4e3Ub4+oVCwWD3qcUC/CfcFCRrA2km/blW6E9SAIsqeJXzv1r3277FSdGdAycXNShhwN3/7q9mKSRlRowrFSHddJtJdhqRnhdFLqpoommAxxn3YMFTiiystmySfoxCg9FMbSPKHRTP29keFIqXEUmMlpTLXoTcX/vE6qwysvYyJJNRVkfihMOdIxmtaAekxSovnYEEwkM1kRGWCJiTZllUwJ7uKXl0mrVnUvquf3Z+X6TV5HEY7gGCrgwiXU4Q4a0AQCI3iGV3izMuvFerc+5qMFK985hD+wPn8AhWiS8w==</latexit>

(Z2)A :

<latexit sha1_base64="6+y+Q8d3tYnz83lipvMMw1kRpfY=">AAAB/XicbZDJSgNBEIZrXGPcxuXmpTEIHiTMiNsx6MWDhyhmgWQy9HR6kiY9C909QgyJr+LFgyJefQ9vvo2dyRw08YeGj7+qqOrfizmTyrK+jbn5hcWl5dxKfnVtfWPT3NquyigRhFZIxCNR97CknIW0opjitB4LigOP05rXuxrXaw9USBaF96ofUyfAnZD5jGClLdfcbZIuc29abHQ0SvGuxZBrFqyilQrNgp1BATKVXfOr2Y5IEtBQEY6lbNhWrJwBFooRTof5ZiJpjEkPd2hDY4gDKp1Bev0QHWinjfxI6BcqlLq/JwY4kLIfeLozwKorp2tj879aI1H+hTNgYZwoGpLJIj/hSEVoHAVqM0GJ4n0NmAimb0WkiwUmSgeW1yHY01+ehepx0T4rnt6eFEqXWRw52IN9OAQbzqEE11CGChB4hGd4hTfjyXgx3o2PSeuckc3swB8Znz/LK5TP</latexit>

�i
L , �i

R

<latexit sha1_base64="zvdA59pwOAw+87qhA2PDYIaf8tU=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARRLQk4m1ZdOPCRRV7gSYNk+mkHTq5MDMRSmifwY2v4saFIm7duPNtnKYRtfWHgZ/vnMOZ87sRo0IaxqeWm5mdm1/ILxaWlldW1/T1jZoIY45JFYcs5A0XCcJoQKqSSkYaESfIdxmpu72LUb1+R7igYXAr+xGxfdQJqEcxkgo5+p6Fu9S5atHh/jC1Ny0KLRn+4INv7OhFo2SkgtPGzEwRZKo4+ofVDnHsk0BihoRomkYk7QRxSTEjg4IVCxIh3EMd0lQ2QD4RdpLeNIA7irShF3L1AglT+nsiQb4Qfd9VnT6SXTFZG8H/as1Yemd2QoMoliTA40VezKAM4Sgg2KacYMn6yiDMqforxF3EEZYqxoIKwZw8edrUDkvmSen4+qhYPs/iyIMtsA12gQlOQRlcggqoAgzuwSN4Bi/ag/akvWpv49acls1sgj/S3r8ASA+dyw==</latexit>

�i
L , �i

R ! �i
L ,��i

R



<latexit sha1_base64="PNJCuKU+pvs2YHxgv3wstspLoxw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEF1IS8bUsunHhoop9QBvDZDpph04mYWZSqKFf4saFIm79FHf+jdPHQlsPXDiccy/33hMknCntON9Wbml5ZXUtv17Y2NzaLto7u3UVp5LQGol5LJsBVpQzQWuaaU6biaQ4CjhtBP3rsd8YUKlYLB70MKFehLuChYxgbSTfLrYHWCY95me3x/ejR+zbJafsTIAWiTsjJZih6ttf7U5M0ogKTThWquU6ifYyLDUjnI4K7VTRBJM+7tKWoQJHVHnZ5PAROjRKB4WxNCU0mqi/JzIcKTWMAtMZYd1T895Y/M9rpTq89DImklRTQaaLwpQjHaNxCqjDJCWaDw3BRDJzKyI9LDHRJquCCcGdf3mR1E/K7nn57O60VLmaxZGHfTiAI3DhAipwA1WoAYEUnuEV3qwn68V6tz6mrTlrNrMHf2B9/gCa9pMR</latexit>

'a
L,R ,

<latexit sha1_base64="srhFju6uTH1j6M9XFzIm+rGzZDQ=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAILkqZKb42QtGNK6lgH9AOJZNm2tBMZkgyQh36JW5cKOLWT3Hn35i2s9DWA4HDOfdwb44fc6a043xbuZXVtfWN/GZha3tnt2jv7TdVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Y9upn7rkUrFIvGgxzH1QjwQLGAEayP17CJGV8gtd/uRVmVUvevZJafizICWiZuREmSo9+wvkyVJSIUmHCvVcZ1YeymWmhFOJ4VuomiMyQgPaMdQgUOqvHR2+AQdG6WPgkiaJzSaqb8TKQ6VGoe+mQyxHqpFbyr+53USHVx6KRNxoqkg80VBwpGO0LQF1GeSEs3HhmAimbkVkSGWmGjTVcGU4C5+eZk0qxX3vHJ2f1qqXWd15OEQjuAEXLiAGtxCHRpAIIFneIU368l6sd6tj/lozsoyB/AH1ucPCNORaA==</latexit>

a = 1, . . . , 2N

<latexit sha1_base64="zwBdil4oBeqPMYE4pTTHNtowkj0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3+DoGvXjSCOYByRJmJ7PJkJnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WjGMfUFHkgWMoKNlVr35erdaa/ZK5bcijsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezcCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R31maLE8LElmChmb0VkiBUmxiZUsCF4iy8vk2a14l1Uzh/OSrXrLI48HMExlMGDS6jBLdShAQRG8Ayv8ObEzovz7nzMW3NONnMIf+B8/gDdFY6f</latexit>

O(2N)V :

<latexit sha1_base64="taWS8/zlUyKsdkt7JM4ZCZY+E2k="></latexit>

 ̄i 
i = �⇤

R i �
i
L + c.c. = 'a

R'
a
L

<latexit sha1_base64="SyeyabjkzPsggrBBwcyamBSauOQ=">AAACFHicbVDJSgNBFOxxjXEb9eilMQiCEmbE7Rj04kEhilkgy/Cm05M06Vno7gmEYfwHL/6KFw+KePXgzb+xsxxMYkFDUfUer6vciDOpLOvHmJtfWFxazqxkV9fWNzbNre2yDGNBaImEPBRVFyTlLKAlxRSn1UhQ8F1OK273auBXelRIFgYPqh/Rhg/tgHmMgNKSYx7WeyCiDnOS+6ObtAm4rkJ82wQneXTTSc91zJyVt4bAs8Qekxwao+iY3/VWSGKfBopwkLJmW5FqJCAUI5ym2XosaQSkC21a0zQAn8pGMgyV4n2ttLAXCv0ChYfq340EfCn7vqsnfVAdOe0NxP+8Wqy8i0bCgihWNCCjQ17MsQ4+aAi3mKBE8b4mQATTf8WkAwKI0j1mdQn2dORZUj7O22f507uTXOFyXEcG7aI9dIBsdI4K6BoVUQkR9IRe0Bt6N56NV+PD+ByNzhnjnR00AePrF9JqnrI=</latexit>

'a
R,L ! Ma

b'
b
R,L

<latexit sha1_base64="zFSUwKiIL+jwKv08hEGhCMMBe/0=">AAAB+XicbVDLTsJAFL3FF+Kr6tLNRGKCG9ISX0vUjUtMBIzQNNNhChOm02ZmSkIa/sSNC41x65+4828coAsFTzLJyTn35p45QcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY/lY4AV5UzQpmaa08dEUhwFnLaD4e3Ub4+oVCwWD3qcUC/CfcFCRrA2km/blW6E9SAIsqeJXzv1r3277FSdGdAycXNShhwN3/7q9mKSRlRowrFSHddJtJdhqRnhdFLqpoommAxxn3YMFTiiystmySfoxCg9FMbSPKHRTP29keFIqXEUmMlpTLXoTcX/vE6qwysvYyJJNRVkfihMOdIxmtaAekxSovnYEEwkM1kRGWCJiTZllUwJ7uKXl0mrVnUvquf3Z+X6TV5HEY7gGCrgwiXU4Q4a0AQCI3iGV3izMuvFerc+5qMFK985hD+wPn8AhWiS8w==</latexit>

(Z2)A :

<latexit sha1_base64="6+y+Q8d3tYnz83lipvMMw1kRpfY=">AAAB/XicbZDJSgNBEIZrXGPcxuXmpTEIHiTMiNsx6MWDhyhmgWQy9HR6kiY9C909QgyJr+LFgyJefQ9vvo2dyRw08YeGj7+qqOrfizmTyrK+jbn5hcWl5dxKfnVtfWPT3NquyigRhFZIxCNR97CknIW0opjitB4LigOP05rXuxrXaw9USBaF96ofUyfAnZD5jGClLdfcbZIuc29abHQ0SvGuxZBrFqyilQrNgp1BATKVXfOr2Y5IEtBQEY6lbNhWrJwBFooRTof5ZiJpjEkPd2hDY4gDKp1Bev0QHWinjfxI6BcqlLq/JwY4kLIfeLozwKorp2tj879aI1H+hTNgYZwoGpLJIj/hSEVoHAVqM0GJ4n0NmAimb0WkiwUmSgeW1yHY01+ehepx0T4rnt6eFEqXWRw52IN9OAQbzqEE11CGChB4hGd4hTfjyXgx3o2PSeuckc3swB8Znz/LK5TP</latexit>

�i
L , �i

R

<latexit sha1_base64="zvdA59pwOAw+87qhA2PDYIaf8tU=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARRLQk4m1ZdOPCRRV7gSYNk+mkHTq5MDMRSmifwY2v4saFIm7duPNtnKYRtfWHgZ/vnMOZ87sRo0IaxqeWm5mdm1/ILxaWlldW1/T1jZoIY45JFYcs5A0XCcJoQKqSSkYaESfIdxmpu72LUb1+R7igYXAr+xGxfdQJqEcxkgo5+p6Fu9S5atHh/jC1Ny0KLRn+4INv7OhFo2SkgtPGzEwRZKo4+ofVDnHsk0BihoRomkYk7QRxSTEjg4IVCxIh3EMd0lQ2QD4RdpLeNIA7irShF3L1AglT+nsiQb4Qfd9VnT6SXTFZG8H/as1Yemd2QoMoliTA40VezKAM4Sgg2KacYMn6yiDMqforxF3EEZYqxoIKwZw8edrUDkvmSen4+qhYPs/iyIMtsA12gQlOQRlcggqoAgzuwSN4Bi/ag/akvWpv49acls1sgj/S3r8ASA+dyw==</latexit>

�i
L , �i

R ! �i
L ,��i

R

B.c. with “Goldstones”: A-preserving, V-breaking
<latexit sha1_base64="Q8bFMk9U65IpqIgeG6QNjYu4e8Q=">AAACHHicbVA7T8MwGHTKq5RXgJHFokIqDFXCe0GqYGFgKIg+pCaNHNdprToP2Q5SFfWHsPBXWBhAiIUBiX+Dk2aAlpMsne7us/2dGzEqpGF8a4W5+YXFpeJyaWV1bX1D39xqijDmmDRwyELedpEgjAakIalkpB1xgnyXkZY7vEr91gPhgobBvRxFxPZRP6AexUgqydGPKhYeUOdmv3vgUEslpWNFiEuKGLyAmXfXnTIcvWxUjQxwlpg5KYMcdUf/tHohjn0SSMyQEB3TiKSdpLdhRsYlKxYkQniI+qSjaIB8IuwkW24M95TSg17I1QkkzNTfEwnyhRj5rkr6SA7EtJeK/3mdWHrndkKDKJYkwJOHvJhBGcK0KdijnGDJRoogzKn6K8QDxBGWqs+SKsGcXnmWNA+r5mn15Pa4XLvM6yiCHbALKsAEZ6AGrkEdNAAGj+AZvII37Ul70d61j0m0oOUz2+APtK8fYx6hng==</latexit>

(�L)
⇤
i |@ = �i

R|@

Preserves       combination of            and               :<latexit sha1_base64="CRTGkqaALBAAGVtb2rkTWy5SmxE=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+8DOUDJppg3NZIYkI5Shv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvVFpZXVvfKG9WtrZ3dveq+wdtHaeKshaNRay6AdFMcMlahhvBuoliJAoE6wTj29zvPDGleSwfzCRhfkSGkoecEmMlz4uIGQVB9jjtn/erNafuzICXiVuQGhRo9qtf3iCmacSkoYJo3XOdxPgZUYZTwaYVL9UsIXRMhqxnqSQR0342yzzFJ1YZ4DBW9kmDZ+rvjYxEWk+iwE7mGfWil4v/eb3UhNd+xmWSGibp/FCYCmxinBeAB1wxasTEEkIVt1kxHRFFqLE1VWwJ7uKXl0n7rO5e1i/uz2uNm6KOMhzBMZyCC1fQgDtoQgsoJPAMr/CGUvSC3tHHfLSEip1D+AP0+QP+J5Gr</latexit>Z4

<latexit sha1_base64="zFSUwKiIL+jwKv08hEGhCMMBe/0=">AAAB+XicbVDLTsJAFL3FF+Kr6tLNRGKCG9ISX0vUjUtMBIzQNNNhChOm02ZmSkIa/sSNC41x65+4828coAsFTzLJyTn35p45QcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY/lY4AV5UzQpmaa08dEUhwFnLaD4e3Ub4+oVCwWD3qcUC/CfcFCRrA2km/blW6E9SAIsqeJXzv1r3277FSdGdAycXNShhwN3/7q9mKSRlRowrFSHddJtJdhqRnhdFLqpoommAxxn3YMFTiiystmySfoxCg9FMbSPKHRTP29keFIqXEUmMlpTLXoTcX/vE6qwysvYyJJNRVkfihMOdIxmtaAekxSovnYEEwkM1kRGWCJiTZllUwJ7uKXl0mrVnUvquf3Z+X6TV5HEY7gGCrgwiXU4Q4a0AQCI3iGV3izMuvFerc+5qMFK985hD+wPn8AhWiS8w==</latexit>

(Z2)A
<latexit sha1_base64="zwBdil4oBeqPMYE4pTTHNtowkj0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3+DoGvXjSCOYByRJmJ7PJkJnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WjGMfUFHkgWMoKNlVr35erdaa/ZK5bcijsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezcCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R31maLE8LElmChmb0VkiBUmxiZUsCF4iy8vk2a14l1Uzh/OSrXrLI48HMExlMGDS6jBLdShAQRG8Ayv8ObEzovz7nzMW3NONnMIf+B8/gDdFY6f</latexit>

O(2N)V
<latexit sha1_base64="lMi0UEqOCtm/uaIxSWLWePdJktQ=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwYUsivpZFNy5cVLEPaNIwmU7aoZMHMxOhhPYn3Pgrblwo4lbc+TdO04jaemDgcM693DnHjRgV0jA+tdzc/MLiUn65sLK6tr6hb27VRRhzTGo4ZCFvukgQRgNSk1Qy0ow4Qb7LSMPtX4z9xh3hgobBrRxExPZRN6AexUgqydFLFu5R56pNRwejlN60KbRkCOmPUaLfjqMXjbKRAs4SMyNFkKHq6B9WJ8SxTwKJGRKiZRqRtBPEJcWMDAtWLEiEcB91SUvRAPlE2Ekaawj3lNKBXsjVCyRM1d8bCfKFGPiumvSR7Ilpbyz+57Vi6Z3ZCQ2iWJIATw55MYMq9rgj2KGcYMkGiiDMqforxD3EEZaqyYIqwZyOPEvqh2XzpHx8fVSsnGd15MEO2AX7wASnoAIuQRXUAAb34BE8gxftQXvSXrW3yWhOy3a2wR9o719Sop7b</latexit>

�i
L , �i

R ! i�i
L ,�i�i

R

Protects massless phase            and<latexit sha1_base64="Ul9l6l8KgAe/wE9Kzm1qs/OYTWA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlgsoTZyWwyZGZ2mZkVwpK/8OJBEa/+jTf/xtlkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjeZ33qiSrNIPphxTH2BB5KFjGBjpcfuPRsIjK6Q2ytX3Ko7BVokXk4qkKPeK391+xFJBJWGcKx1x3Nj46dYGUY4nZS6iaYxJiM8oB1LJRZU++n04gk6skofhZGyJQ2aqr8nUiy0HovAdgpshnrey8T/vE5iwks/ZTJODJVktihMODIRyt5HfaYoMXxsCSaK2VsRGWKFibEhlWwI3vzLi6R5UvXOq2d3p5XadR5HEQ7gEI7BgwuowS3UoQEEJDzDK7w52nlx3p2PWWvByWf24Q+czx8S44/i</latexit>

⌃ = 0
<latexit sha1_base64="0WFfLbQIWOoZ0Emhif4nYrsYw2M=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIdVOS4m1ZdOPKVrAXaEOYTCft0MmFmYlYQl/FjQtF3Poi7nwbJ20W2vrDwMd/zmHO+b2YM6ks69tYWV1b39gsbBW3d3b39s2DUltGiSC0RSIeia6HJeUspC3FFKfdWFAceJx2vPFNVu88UiFZFD6oSUydAA9D5jOClbZcs9So1O5O3Tbqqwg1Khm6ZtmqWjOhZbBzKEOupmt+9QcRSQIaKsKxlD3bipWTYqEY4XRa7CeSxpiM8ZD2NIY4oNJJZ7tP0Yl2BsiPhH6hQjP390SKAykngac7A6xGcrGWmf/Veonyr5yUhXGiaEjmH/kJR/rOLAg0YIISxScaMBFM74rICAtMlI6rqEOwF09ehnatal9Uz+/PyvXrPI4CHMExVMCGS6jDLTShBQSe4Ble4c2YGi/Gu/Exb10x8plD+CPj8wfPqJJg</latexit>

O(2N)V ! O(N)V



<latexit sha1_base64="5C+o0Ni4Z0ss/1nR+ToB2NSZuGQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPUcwDkiXMTmaTIbOzy0yvEJb8gRcPinj1j7z5N06SPWi0oKGo6qa7K0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00v0t6ZUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL3z6tndaaV2lcdRhAM4hGPw4AJqcAN1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/8eY0E</latexit>

L
A-preserving

<latexit sha1_base64="0WFfLbQIWOoZ0Emhif4nYrsYw2M=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIdVOS4m1ZdOPKVrAXaEOYTCft0MmFmYlYQl/FjQtF3Poi7nwbJ20W2vrDwMd/zmHO+b2YM6ks69tYWV1b39gsbBW3d3b39s2DUltGiSC0RSIeia6HJeUspC3FFKfdWFAceJx2vPFNVu88UiFZFD6oSUydAA9D5jOClbZcs9So1O5O3Tbqqwg1Khm6ZtmqWjOhZbBzKEOupmt+9QcRSQIaKsKxlD3bipWTYqEY4XRa7CeSxpiM8ZD2NIY4oNJJZ7tP0Yl2BsiPhH6hQjP390SKAykngac7A6xGcrGWmf/Veonyr5yUhXGiaEjmH/kJR/rOLAg0YIISxScaMBFM74rICAtMlI6rqEOwF09ehnatal9Uz+/PyvXrPI4CHMExVMCGS6jDLTShBQSe4Ble4c2YGi/Gu/Exb10x8plD+CPj8wfPqJJg</latexit>

O(2N)V ! O(N)V

<latexit sha1_base64="zwBdil4oBeqPMYE4pTTHNtowkj0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3+DoGvXjSCOYByRJmJ7PJkJnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WjGMfUFHkgWMoKNlVr35erdaa/ZK5bcijsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezcCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R31maLE8LElmChmb0VkiBUmxiZUsCF4iy8vk2a14l1Uzh/OSrXrLI48HMExlMGDS6jBLdShAQRG8Ayv8ObEzovz7nzMW3NONnMIf+B8/gDdFY6f</latexit>

O(2N)V -preserving
Gapped 

<latexit sha1_base64="4GEdmXHRtjetSlOIsRrOQc/4H8I=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBLxtSy6ceGign1AE8tkMmmHziRhZlIooX/ixoUibv0Td/6N0zYLbT0wcDjnHu6dE6ScKe0439bS8srq2nppo7y5tb2za+/tN1WSSUIbJOGJbAdYUc5i2tBMc9pOJcUi4LQVDG4nfmtIpWJJ/KhHKfUF7sUsYgRrI3Vt21NMePcmEOKn/NQdd+2KU3WmQIvELUgFCtS79pcXJiQTNNaEY6U6rpNqP8dSM8LpuOxliqaYDHCPdgyNsaDKz6eXj9GxUUIUJdK8WKOp+juRY6HUSARmUmDdV/PeRPzP62Q6uvZzFqeZpjGZLYoyjnSCJjWgkElKNB8Zgolk5lZE+lhiok1ZZVOCO//lRdI8q7qX1YuH80rtpqijBIdwBCfgwhXU4A7q0AACQ3iGV3izcuvFerc+ZqNLVpE5gD+wPn8ADWKTSw==</latexit>

⇠ ⇤�1



<latexit sha1_base64="5C+o0Ni4Z0ss/1nR+ToB2NSZuGQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPUcwDkiXMTmaTIbOzy0yvEJb8gRcPinj1j7z5N06SPWi0oKGo6qa7K0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00v0t6ZUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL3z6tndaaV2lcdRhAM4hGPw4AJqcAN1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/8eY0E</latexit>

L
A-preserving

<latexit sha1_base64="0WFfLbQIWOoZ0Emhif4nYrsYw2M=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIdVOS4m1ZdOPKVrAXaEOYTCft0MmFmYlYQl/FjQtF3Poi7nwbJ20W2vrDwMd/zmHO+b2YM6ks69tYWV1b39gsbBW3d3b39s2DUltGiSC0RSIeia6HJeUspC3FFKfdWFAceJx2vPFNVu88UiFZFD6oSUydAA9D5jOClbZcs9So1O5O3Tbqqwg1Khm6ZtmqWjOhZbBzKEOupmt+9QcRSQIaKsKxlD3bipWTYqEY4XRa7CeSxpiM8ZD2NIY4oNJJZ7tP0Yl2BsiPhH6hQjP390SKAykngac7A6xGcrGWmf/Veonyr5yUhXGiaEjmH/kJR/rOLAg0YIISxScaMBFM74rICAtMlI6rqEOwF09ehnatal9Uz+/PyvXrPI4CHMExVMCGS6jDLTShBQSe4Ble4c2YGi/Gu/Exb10x8plD+CPj8wfPqJJg</latexit>

O(2N)V ! O(N)V

<latexit sha1_base64="zwBdil4oBeqPMYE4pTTHNtowkj0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3+DoGvXjSCOYByRJmJ7PJkJnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WjGMfUFHkgWMoKNlVr35erdaa/ZK5bcijsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezcCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R31maLE8LElmChmb0VkiBUmxiZUsCF4iy8vk2a14l1Uzh/OSrXrLI48HMExlMGDS6jBLdShAQRG8Ayv8ObEzovz7nzMW3NONnMIf+B8/gDdFY6f</latexit>

O(2N)V -preserving
Gapped 

<latexit sha1_base64="4GEdmXHRtjetSlOIsRrOQc/4H8I=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBLxtSy6ceGign1AE8tkMmmHziRhZlIooX/ixoUibv0Td/6N0zYLbT0wcDjnHu6dE6ScKe0439bS8srq2nppo7y5tb2za+/tN1WSSUIbJOGJbAdYUc5i2tBMc9pOJcUi4LQVDG4nfmtIpWJJ/KhHKfUF7sUsYgRrI3Vt21NMePcmEOKn/NQdd+2KU3WmQIvELUgFCtS79pcXJiQTNNaEY6U6rpNqP8dSM8LpuOxliqaYDHCPdgyNsaDKz6eXj9GxUUIUJdK8WKOp+juRY6HUSARmUmDdV/PeRPzP62Q6uvZzFqeZpjGZLYoyjnSCJjWgkElKNB8Zgolk5lZE+lhiok1ZZVOCO//lRdI8q7qX1YuH80rtpqijBIdwBCfgwhXU4A7q0AACQ3iGV3izcuvFerc+ZqNLVpE5gD+wPn8ADWKTSw==</latexit>

⇠ ⇤�1

To detect the transition 
from bCFT: 

<latexit sha1_base64="gGi3+d8zoSYU/FuN61SUaF2k0K4="></latexit>

h����i(⌫) = � 1

g�1 �BA(⌫)

+ + + …



<latexit sha1_base64="5C+o0Ni4Z0ss/1nR+ToB2NSZuGQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPUcwDkiXMTmaTIbOzy0yvEJb8gRcPinj1j7z5N06SPWi0oKGo6qa7K0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00v0t6ZUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL3z6tndaaV2lcdRhAM4hGPw4AJqcAN1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/8eY0E</latexit>

L
A-preserving

<latexit sha1_base64="0WFfLbQIWOoZ0Emhif4nYrsYw2M=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIdVOS4m1ZdOPKVrAXaEOYTCft0MmFmYlYQl/FjQtF3Poi7nwbJ20W2vrDwMd/zmHO+b2YM6ks69tYWV1b39gsbBW3d3b39s2DUltGiSC0RSIeia6HJeUspC3FFKfdWFAceJx2vPFNVu88UiFZFD6oSUydAA9D5jOClbZcs9So1O5O3Tbqqwg1Khm6ZtmqWjOhZbBzKEOupmt+9QcRSQIaKsKxlD3bipWTYqEY4XRa7CeSxpiM8ZD2NIY4oNJJZ7tP0Yl2BsiPhH6hQjP390SKAykngac7A6xGcrGWmf/Veonyr5yUhXGiaEjmH/kJR/rOLAg0YIISxScaMBFM74rICAtMlI6rqEOwF09ehnatal9Uz+/PyvXrPI4CHMExVMCGS6jDLTShBQSe4Ble4c2YGi/Gu/Exb10x8plD+CPj8wfPqJJg</latexit>

O(2N)V ! O(N)V

<latexit sha1_base64="zwBdil4oBeqPMYE4pTTHNtowkj0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3+DoGvXjSCOYByRJmJ7PJkJnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WjGMfUFHkgWMoKNlVr35erdaa/ZK5bcijsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezcCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R31maLE8LElmChmb0VkiBUmxiZUsCF4iy8vk2a14l1Uzh/OSrXrLI48HMExlMGDS6jBLdShAQRG8Ayv8ObEzovz7nzMW3NONnMIf+B8/gDdFY6f</latexit>

O(2N)V -preserving
Gapped 

<latexit sha1_base64="4GEdmXHRtjetSlOIsRrOQc/4H8I=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBLxtSy6ceGign1AE8tkMmmHziRhZlIooX/ixoUibv0Td/6N0zYLbT0wcDjnHu6dE6ScKe0439bS8srq2nppo7y5tb2za+/tN1WSSUIbJOGJbAdYUc5i2tBMc9pOJcUi4LQVDG4nfmtIpWJJ/KhHKfUF7sUsYgRrI3Vt21NMePcmEOKn/NQdd+2KU3WmQIvELUgFCtS79pcXJiQTNNaEY6U6rpNqP8dSM8LpuOxliqaYDHCPdgyNsaDKz6eXj9GxUUIUJdK8WKOp+juRY6HUSARmUmDdV/PeRPzP62Q6uvZzFqeZpjGZLYoyjnSCJjWgkElKNB8Zgolk5lZE+lhiok1ZZVOCO//lRdI8q7qX1YuH80rtpqijBIdwBCfgwhXU4A7q0AACQ3iGV3izcuvFerc+ZqNLVpE5gD+wPn8ADWKTSw==</latexit>

⇠ ⇤�1

To detect the transition 
from bCFT: 

<latexit sha1_base64="gGi3+d8zoSYU/FuN61SUaF2k0K4="></latexit>

h����i(⌫) = � 1

g�1 �BA(⌫)

+ + + …

<latexit sha1_base64="gBD0uCAuUXoi0ML9q1W894dkXS8=">AAAB73icbVDLTgJBEOzBF+IL9ehlIjHBC9k1vo6IF4+YyCOBDZkdZmHC7Ow6M2tCNvyEFw8a49Xf8ebfOMAeFKykk0pVd7q7/FhwbRznG+VWVtfWN/Kbha3tnd294v5BU0eJoqxBIxGptk80E1yyhuFGsHasGAl9wVr+6Hbqt56Y0jySD2YcMy8kA8kDTomxUrvWuyl3ZXLaK5acijMDXiZuRkqQod4rfnX7EU1CJg0VROuO68 TGS4kynAo2KXQTzWJCR2TAOpZKEjLtpbN7J/jEKn0cRMqWNHim/p5ISaj1OPRtZ0jMUC96U/E/r5OY4NpLuYwTwySdLwoSgU2Ep8/jPleMGjG2hFDF7a2YDoki1NiICjYEd/HlZdI8q7iXlYv781K1lsWRhyM4hjK4cAVVuIM6NICCgGd4hTf0iF7QO/qYt+ZQNnMIf4A+fwDzVY9G</latexit>

BA(⌫)      has a UV divergence: 
<latexit sha1_base64="MoEPjfu2xgqeI3TcV8L97HL3Glw="></latexit>

� 1

⇡

✓
1

✏
� log(Lµ)

◆
+Bfinite

A (⌫)

<latexit sha1_base64="GeLjeJ3GeCC47QfLzsS1vptzGkI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVB71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHz7WM9Q==</latexit>g      replaced by
<latexit sha1_base64="kbwmIhMhVJYXTEtHZfPUA65Bswc=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2CTsCu+GiFoY2GhYFTIrsvs5G4cMvtg5q4YhnyFjb9iY6GIrdj5N05iCjUeGDiccy537olyKTS67qczNj4xOTU9M1uam19YXCovr1zorFAcGjyTmbqKmAYpUmigQAlXuQKWRBIuo85R37+8BaVFlp5jN4cgYe1UxIIztFJYrvonNtxi9ID6SUHh2lT9WDFu/Fz0TDs0PsIdGgXtnkVYrrg1dwA6SrwhqZAhTsPyh9/KeJFAilwyrZuem2NgmELBJfRKfqEhZ7zD2tC0NGUJ6MAMzurRDau0aJwp+1KkA/XnhGGJ1t0kssmE4Y3+6/XF/7xmgfF+YESaFwgp/14UF5JiRvsd0ZZQwFF2LWFcCftXym+YbQVtkyVbgvf35FFysVXzdms7Z9uV+uGwjhmyRtbJJvHIHqmTY3JKGoSTe/JInsmL8+A8Oa/O23d0zBnOrJJfcN6/ABYPoAk=</latexit>

⇤ = µe
� ⇡

greg



The lightest  operator       in the       bOPE hits   

                at                        

<latexit sha1_base64="OZaEsvmRMfqDUsAXThQTiLqfeXQ=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2hCmUwm7dCZSZyZFErod7hxoYhbP8adf+O0zUJbD1w4nHMv994Tppxp47rfzsrq2vrGZmmrvL2zu7dfOThs6SRThDZJwhPVCbGmnEnaNMxw2kkVxSLktB0O76Z+e0SVZol8NOOUBgL3JYsZwcZKgR9RbjDyNesL3KtU3Zo7A1omXkGqUKDRq3z5UUIyQaUhHGvd9dzUBDlWhhFOJ2U/0zTFZIj7tGupxILqIJ8dPUGnVolQnChb0qCZ+nsix0LrsQhtp8BmoBe9qfif181MfBPkTKaZoZLMF8UZRyZB0wRQxBQlho8twUQxeysiA6wwMTansg3BW3x5mbTOa95V7fLholq/LeIowTGcwBl4cA11uIcGNIHAEzzDK7w5I+fFeXc+5q0rTjFzBH/gfP4AjQ+R+Q==</latexit>

��
<latexit sha1_base64="F9ERnJcgvZdRLViAO408YRDrtdw=">AAACD3icbVDLSsNAFJ34rPUVdekmWBQ3lkTqYyMURXDRRQX7gKaWm+mkHTqThJmJUEL+wI2/4saFIm7duvNvnLZZaOuBgTPnnMvMPV7EqFS2/W3MzS8sLi3nVvKra+sbm+bWdl2GscCkhkMWiqYHkjAakJqiipFmJAhwj5GGN7ga+Y0HIiQNgzs1jEibQy+gPsWgtNQxDyoXbkXHu3CfHDmpq3wBOCH64vaAc+hcp2lSSjtmwS7aY1izxMlIAWWodswvtxvimJNAYQZSthw7Uu0EhKKYkTTvxpJEgAfQIy1NA+BEtpPxPqm1r5Wu5YdCn0BZY/X3RAJcyiH3dJKD6stpbyT+57Vi5Z+3ExpEsSIBnjzkx8xSoTUqx+pSQbBiQ00AC6r/auE+6EaUrjCvS3CmV54l9eOic1o8uS0VypdZHTm0i/bQIXLQGSqjG1RFNYTRI3pGr+jNeDJejHfjYxKdM7KZHfQHxucPwzmchg==</latexit>

L = ⇤�1 e��E

4

<latexit sha1_base64="4HRdOD33WyxIhzYIFyPp+6XVM2g=">AAAB83icbVDJSgNBEK1xjXGLevTSGARPcSa4XYSgHjxGMAtkhtDT6Uma9Cx01whhyG948aCIV3/Gm39jJ5mDJj4oeLxXRVU9P5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUMd5gsYxV26eaSxHxBgqUvJ0oTkNf8pY/vJ34rSeutIijRxwl3AtpPxKBYBSN5Lp3XCIl18Q5rXZLZbtiT0EWiZOTMuSod0tfbi9macgjZJJq3XHsBL2MKhRM8nHRTTVPKBvSPu8YGtGQay+b3jwmx0bpkSBWpiIkU/X3REZDrUehbzpDigM9703E/7xOisGVl4koSZFHbLYoSCXBmEwCID2hOEM5MoQyJcythA2oogxNTEUTgjP/8iJpVivOReX84axcu8njKMAhHMEJOHAJNbiHOjSAQQLP8ApvVmq9WO/Wx6x1ycpnDuAPrM8f7IGQUQ==</latexit>

� = 1/2

<latexit sha1_base64="dX6KaQxgYzGo0Cpk6Rxo7SlPVdg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSTi17HoxWMFawtNKJPtpl26uwm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88miTTlLVoIhLdicAwwRVrIUfBOqlmICPB2tHoduq3n5g2PFEPOE5ZKGGgeMwpoJWCYAiYB4YPJEx61ZpX92Zwl4lfkBop0OxVv4J+QjPJFFIBxnR9L8UwB42cCjapBJlhKdARDFjXUgWSmTCf3TxxT6zSd+NE21LoztTfEzlIY8Yysp0ScGgWvan4n9fNML4Oc67SDJmi80VxJlxM3GkAbp9rRlGMLQGqub3VpUPQQNHGVLEh+IsvL5PHs7p/Wb+4P681boo4yuSIHJNT4pMr0iB3pElahJKUPJNX8uZkzovz7nzMW0tOMXNI/sD5/AF2N5H6</latexit>

�̂

<latexit sha1_base64="KRsknOwRVHW4iYAbLM3iQMWy8CM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd3g6xj04jGCeUB2E3ons8mQmdllZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHYKmnEnaMMxw2k4UBRFy2gpHt1O/9UiVZrF8MOOEBgIGkkWMgLFS1x+CyXzNBgIm3WqvVHYr7gx4mXg5KaMc9V7py+/HJBVUGsJB647nJibIQBlGOJ0U/VTTBMgIBrRjqQRBdZDNrp7gU6v0cRQrW9Lgmfp7IgOh9ViEtlOAGepFbyr+53VSE10HGZNJaqgk80VRyrGJ8TQC3GeKEsPHlgBRzN6KyRAUEGODKtoQvMWXl0mzWvEuKxf35+XaTR5HAR2jE3SGPHSFaugO1VEDEaTQM3pFb86T8+K8Ox/z1hUnnzlCf+B8/gCk1pKe</latexit>

�̂2 singlet marginal operator (large N)    



The lightest  operator       in the       bOPE hits   

                at                        

<latexit sha1_base64="OZaEsvmRMfqDUsAXThQTiLqfeXQ=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2hCmUwm7dCZSZyZFErod7hxoYhbP8adf+O0zUJbD1w4nHMv994Tppxp47rfzsrq2vrGZmmrvL2zu7dfOThs6SRThDZJwhPVCbGmnEnaNMxw2kkVxSLktB0O76Z+e0SVZol8NOOUBgL3JYsZwcZKgR9RbjDyNesL3KtU3Zo7A1omXkGqUKDRq3z5UUIyQaUhHGvd9dzUBDlWhhFOJ2U/0zTFZIj7tGupxILqIJ8dPUGnVolQnChb0qCZ+nsix0LrsQhtp8BmoBe9qfif181MfBPkTKaZoZLMF8UZRyZB0wRQxBQlho8twUQxeysiA6wwMTansg3BW3x5mbTOa95V7fLholq/LeIowTGcwBl4cA11uIcGNIHAEzzDK7w5I+fFeXc+5q0rTjFzBH/gfP4AjQ+R+Q==</latexit>

��
<latexit sha1_base64="F9ERnJcgvZdRLViAO408YRDrtdw=">AAACD3icbVDLSsNAFJ34rPUVdekmWBQ3lkTqYyMURXDRRQX7gKaWm+mkHTqThJmJUEL+wI2/4saFIm7duvNvnLZZaOuBgTPnnMvMPV7EqFS2/W3MzS8sLi3nVvKra+sbm+bWdl2GscCkhkMWiqYHkjAakJqiipFmJAhwj5GGN7ga+Y0HIiQNgzs1jEibQy+gPsWgtNQxDyoXbkXHu3CfHDmpq3wBOCH64vaAc+hcp2lSSjtmwS7aY1izxMlIAWWodswvtxvimJNAYQZSthw7Uu0EhKKYkTTvxpJEgAfQIy1NA+BEtpPxPqm1r5Wu5YdCn0BZY/X3RAJcyiH3dJKD6stpbyT+57Vi5Z+3ExpEsSIBnjzkx8xSoTUqx+pSQbBiQ00AC6r/auE+6EaUrjCvS3CmV54l9eOic1o8uS0VypdZHTm0i/bQIXLQGSqjG1RFNYTRI3pGr+jNeDJejHfjYxKdM7KZHfQHxucPwzmchg==</latexit>

L = ⇤�1 e��E

4

<latexit sha1_base64="4HRdOD33WyxIhzYIFyPp+6XVM2g=">AAAB83icbVDJSgNBEK1xjXGLevTSGARPcSa4XYSgHjxGMAtkhtDT6Uma9Cx01whhyG948aCIV3/Gm39jJ5mDJj4oeLxXRVU9P5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUMd5gsYxV26eaSxHxBgqUvJ0oTkNf8pY/vJ34rSeutIijRxwl3AtpPxKBYBSN5Lp3XCIl18Q5rXZLZbtiT0EWiZOTMuSod0tfbi9macgjZJJq3XHsBL2MKhRM8nHRTTVPKBvSPu8YGtGQay+b3jwmx0bpkSBWpiIkU/X3REZDrUehbzpDigM9703E/7xOisGVl4koSZFHbLYoSCXBmEwCID2hOEM5MoQyJcythA2oogxNTEUTgjP/8iJpVivOReX84axcu8njKMAhHMEJOHAJNbiHOjSAQQLP8ApvVmq9WO/Wx6x1ycpnDuAPrM8f7IGQUQ==</latexit>

� = 1/2

<latexit sha1_base64="dX6KaQxgYzGo0Cpk6Rxo7SlPVdg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSTi17HoxWMFawtNKJPtpl26uwm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88miTTlLVoIhLdicAwwRVrIUfBOqlmICPB2tHoduq3n5g2PFEPOE5ZKGGgeMwpoJWCYAiYB4YPJEx61ZpX92Zwl4lfkBop0OxVv4J+QjPJFFIBxnR9L8UwB42cCjapBJlhKdARDFjXUgWSmTCf3TxxT6zSd+NE21LoztTfEzlIY8Yysp0ScGgWvan4n9fNML4Oc67SDJmi80VxJlxM3GkAbp9rRlGMLQGqub3VpUPQQNHGVLEh+IsvL5PHs7p/Wb+4P681boo4yuSIHJNT4pMr0iB3pElahJKUPJNX8uZkzovz7nzMW0tOMXNI/sD5/AF2N5H6</latexit>

�̂

<latexit sha1_base64="KRsknOwRVHW4iYAbLM3iQMWy8CM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd3g6xj04jGCeUB2E3ons8mQmdllZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHYKmnEnaMMxw2k4UBRFy2gpHt1O/9UiVZrF8MOOEBgIGkkWMgLFS1x+CyXzNBgIm3WqvVHYr7gx4mXg5KaMc9V7py+/HJBVUGsJB647nJibIQBlGOJ0U/VTTBMgIBrRjqQRBdZDNrp7gU6v0cRQrW9Lgmfp7IgOh9ViEtlOAGepFbyr+53VSE10HGZNJaqgk80VRyrGJ8TQC3GeKEsPHlgBRzN6KyRAUEGODKtoQvMWXl0mzWvEuKxf35+XaTR5HAR2jE3SGPHSFaugO1VEDEaTQM3pFb86T8+K8Ox/z1hUnnzlCf+B8/gCk1pKe</latexit>

�̂2 singlet marginal operator (large N)    

discontinuous 
transition to 

V-preserving bc



Summary
•Transitions from gapless to gapped phases in AdS
•Solvable examples in 2d point towards merger and 
annihilation as mechanism for disappearance of 
gapless b.c.

Future directions

•Can one prove mass gap in O(N) sigma model / 
Gross-Neveu at small N using 1d bootstrap?
•Other solvable example:             SYM in AdS 

<latexit sha1_base64="1GKP0aUR3nSOksq/LWoWMbMRzHk=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiTF10YounElFewD2lAm00k7dDKJM5NCCfkONy4UcevHuPNvnLRZaOuBgcM593LPHC/iTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXCWBLaJCEPZcfDinImaFMzzWknkhQHHqdtb3yb+e0JlYqF4lFPI+oGeCiYzwjWRnJ7AdYjgnlyn17X+uWKXbVnQMvEyUkFcjT65a/eICRxQIUmHCvVdexIuwmWmhFO01IvVjTCZIyHtGuowAFVbjILnaITowyQH0rzhEYz9fdGggOlpoFnJrOQatHLxP+8bqz9KzdhIoo1FWR+yI850iHKGkADJinRfGoIJpKZrIiMsMREm55KpgRn8cvLpFWrOhfV84ezSv0mr6MIR3AMp+DAJdThDhrQBAJP8Ayv8GZNrBfr3fqYjxasfOcQ/sD6/AGCwZHx</latexit>

N = 2 <latexit sha1_base64="K8Tlw0y6hP6CHrR0ZISPH5jMEv8=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiRSH8uiG5cV7APaUCbTSTt0ZhJmJkIJ/QU3LhRx6w+582+cpFlo64ELh3Pu5d57gpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9C7zu09UaRbJRzOLqS/wWLKQEWwyKZ0PG8Nqza27OdAq8QpSgwKtYfVrMIpIIqg0hGOt+54bGz/FyjDC6bwySDSNMZniMe1bKrGg2k/zW+fozCojFEbKljQoV39PpFhoPROB7RTYTPSyl4n/ef3EhDd+ymScGCrJYlGYcGQilD2ORkxRYvjMEkwUs7ciMsEKE2PjqdgQvOWXV0nnou5d1S8fGrXmbRFHGU7gFM7Bg2towj20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8A+9+ONw==</latexit>
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•What could be the (Dirichlet)’ that merges with 
Dirichlet in YM?
•More           perturbative data      

<latexit sha1_base64="Nh2PimpzP2KBhgRsQpa5UdYQifc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU90Vv47FXsRTBbcttEvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hZXVtfaO4Wdra3tndK+8fNLVMFaE+kVyqdog15UxQ3zDDaTtRFMchp61wVJ/6rSeqNJPi0YwTGsR4IFjECDZW8r2zeu++V664VXcGtEy8nFQgR6NX/ur2JUljKgzhWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLNjJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif10lNdBNkTCSpoYLMF0UpR0ai6eeozxQlho8twUQxeysiQ6wwMTafkg3BW3x5mTTPq95V9fLholK7zeMowhEcwyl4cA01uIMG+ECAwTO8wpsjnBfn3fmYtxacfOYQ/sD5/AHAuY4C</latexit>
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