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Interface systems are ubiquitous in nature 

[Talks by Elias, Hao-Tian, Carlos, Rong-Xin]



Interface field theory 

• Interface field theory has rich physics


    


         


 Boundary field theory, BCFT


 Defect field theory, DCFT


• More interesting physical observables 

   Entanglement entropy (e.g. “effective central charge” for ICFT)


    Energy transports: transmission/reflection coefficients 
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Interface in holography (1)
Janus/ICFT 

1) top-down, D1-D5 systems, IIB SUGRA on


2) bottom-up


    3D Einstein-massless scalar theory

[Bachas,Karch, Ooguri, 2001; Skenderis, Bak, Gutperle, Hirano]
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Interface in holography (1)

Gapless Edge state



Interface in holography (2)
• AdS/ICFT


  A new ingredient in AdS/CFT:  a junction brane 


  The left and right bulk can be different


• A junction of two AdS/BCFTs


• Lots of applications: double holography, Janus, …

[Karch, Randall, 2001, Erdmenger…2014, Simidzija, Raamsdonk, 2020 …,Bachas, 2020,…Sonner,…2022]



Interface in holography (2)
• AdS/ICFT


  A new ingredient in AdS/CFT:  a junction brane 


  The left and right bulk can be different


• A junction of two AdS/BCFTs


• Lots of applications: double holography, Janus (thick brane), …

[Karch, Randall, 2001; Erdmenger et al. 2014; Simidzija, Raamsdonk, 2020; Bachas et al., 2020; Sonner et al. 2022]



Holographic non-conformal interface
• Beyond conformal interface
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Holographic non-conformal interface
• Beyond conformal interface



Zero temperature solution
• We focus on static configuration: existence of a global time


 Left/Right bulk: AdS3


 Interface                           (             ) 


        Parametrization           
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Zero temperature solution
• When the brane is a straight line, or constant potential


• When             , there are two possible solutions 


 supplementary configuration: 


 nontrivial configuration: 


• BCFT limit   [Kanda, Sato, Suzuki, Takayanagi, Wei, 2023] 


   :  folding, or Z2  identification


 limit               

⌫ =
LII

LI
= 1
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Null energy condition on the brane
• NEC = permissible configuration


linear configuration (= constant tension on the brane)


Other allowed configurations (presume monotonic)



Interface entropy and g-theorem
• Start from HEE of the interval ,  a finite part by setting 


For               with supplementary configuration: 

For ICFT (i.e. with a trivial scalar field), the interface entropy is a constant 

 in general,

For a special case (CASE 2),                  and
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example of solution (1)

NEC  


UV AdS2 ;  IR  AdS2       

a � b
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IR



example of solution (2)

NEC  


UV   AdS2 ;  IR AdS2  

� < 0
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Finite temperature
• Two possibilities


Gluing two BTZ black holes 


Gluing a thermal AdS3 with a BTZ black hole



Gluing two BTZ black holes
• BTZ black hole


• For configurations H1,H2, the temperature of dual FT is the Hawking temperature, 
while for E, the temperature is arbitrary


• NEC is consistent with the existence of configurations



Gluing two BTZ black holes
• With trivial scalar field


• With nontrivial scalar field, 
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Gluing thermal AdS and BTZ black hole
• No permissible configuration without scalar field


• With a scalar field, the only allowed 


   configuration is                and


no                            due to metric 

compatibility


no                          due to NEC



comments on [E, E]
• With a scalar field, we have different types of empty-empty configurations


• In principle, all these configurations can be set to T=0


• The dual field theories are different


• stability?  dual CFT?  



Energy transport
•   in field theory: 

[Quella, Runkel, Watts , 2007;  Meineri, Penedones, Rousset, 2020]

𝒯LR =
transmitted energy

injected energy
=

cLR

cL

⟨TL(z)TR(w)⟩ =
cLR

2(z − w)4



Energy transport in conformal interface
• In holography

[Bachas, Chapman, Ge, Policastro, 2020]

When the central charges are the same, 



Energy transport in non-conformal interface
• non-conformal interface (with a nontrivial scalar field)


• Complex  energy transmission coefficient



Energy transport in non-conformal interface
• Profile of non-conformal interface

complex energy transmission coefficients

(UV)

(IR)



Energy transport in non-conformal interface
• Profile of non-conformal interface

high frequency: real, the transmission coefficient approaches values of UV ICFT 

(UV)

(IR)



Energy transport in non-conformal interface
• Profile of non-conformal interface

oscillations in the intermediate energy scale, (break the bound of ICFT) 

high frequency: real, the transmission coefficient approaches values of UV ICFT 

(UV)

(IR)



Energy transport in non-conformal interface

small frequency: the transmission coefficient approaches the value of IR ICFT 

(UV)

(IR)



From ICFT2 to ICFT3
 


• at a constant time slice

[Talk by Rong-Xin]



AdS/ICFT3

• Gluing three AdS/BCFT along a common junction

Junction condition: 

[Shen, Peng, Li, 2024]



Unique bulk solution 



Energy transport (I)
• Energy conservation


• Total energy transmission


• effective central charge


•



Energy transport (2)
•

When T increases, the transmission coefficients decrease. 



Energy transport (3)
•



Conclusion
• AdS3/ICFT2 with a brane-localized scalar field


• At zero temperature

NEC is consistent with the existence of configuration


g-theorem is satisfied, the properties of interface entropy is linked to the potential


• At finite temperature: more allowed configurations


• Energy transport at zero temperature

 for non-conformal interface:  complex, oscillations


 for junctions:   



Open questions

• Adding other matter fields on the brane


• Surface/interface states of topological matter


• Phase transitions


• AdS/ICFT3  at finite temperature


• Other transports


• …




                    Thank you !



                    Thank you !



Gluing two BTZ black holes
• Without scalar field:  


  If              , e.g. [E, E], we have 


                            , thus                ,       terminates at a finite value   


  Therefore,                     [H2, H2]

<latexit sha1_base64="+8AfSpS6KX68mXo/GeOGMhu5nJo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquiHopFL14rNAv2C4lm2bb0GyyJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8f3M7zwxbbiSTZgkLIjJUPKIUwJW8nvJiNfcC9yuNfvlilt158CrxMtJBeVo9MtfvYGiacwkUEGM8T03gSAjGjgVbFrqpYYlhI7JkPmWShIzE2Tzk6f4zCoDHCltSwKeq78nMhIbM4lD2xkTGJllbyb+5/kpRLdBxmWSApN0sShKBQaFZ//jAdeMgphYQqjm9lZMR0QTCjalkg3BW355lbQvq9511Xu8qtTv8jiK6ASdonPkoRtURw+ogVqIIoWe0St6c8B5cd6dj0VrwclnjtEfOJ8/nl+QKw==</latexit>

� = 0, V = T

<latexit sha1_base64="nd5CDtPLLGNh+BlLXx05xLdHp5I=">AAACB3icbZDLSgMxFIYzXmu9VV0KEiyCqzIjoi6Lbuqugr1AW0smPW1DM5kxOSOWoTs3voobF4q49RXc+TamF0Rbfwj8fOccTs7vR1IYdN0vZ25+YXFpObWSXl1b39jMbG2XTRhrDiUeylBXfWZACgUlFCihGmlggS+h4vcuhvXKHWgjQnWN/QgaAeso0RacoUXNzF7crCPcY3I5uCnUFdzSHzAkzUzWzbkj0VnjTUyWTFRsZj7rrZDHASjkkhlT89wIGwnTKLiEQboeG4gY77EO1KxVLADTSEZ3DOiBJS3aDrV9CumI/p5IWGBMP/BtZ8Cwa6ZrQ/hfrRZj+6yRCBXFCIqPF7VjSTGkw1BoS2jgKPvWMK6F/SvlXaYZRxtd2obgTZ88a8pHOe8k510dZ/PnkzhSZJfsk0PikVOSJwVSJCXCyQN5Ii/k1Xl0np03533cOudMZnbIHzkf31yTmZ4=</latexit>

uH

I 6= uH

II

<latexit sha1_base64="jD3p2Tkq1eNVUApfkrlV/GDsQ7k=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KomIuhGKbuqugn1AG8NkOmmHTh7M3IgldOPGX3HjQhG3/oM7/8ZJG0RbDwyce8693LnHiwVXYFlfxtz8wuLScmGluLq2vrFpbm03VJRIyuo0EpFseUQxwUNWBw6CtWLJSOAJ1vQGl5nfvGNS8Si8gWHMnID0Qu5zSkBLrrmXuB1g95BejW6r+Bz/lFntmiWrbI2BZ4mdkxLKUXPNz043oknAQqCCKNW2rRiclEjgVLBRsZMoFhM6ID3W1jQkAVNOOr5ihA+00sV+JPULAY/V3xMpCZQaBp7uDAj01bSXif957QT8MyflYZwAC+lkkZ8IDBHOIsFdLhkFMdSEUMn1XzHtE0ko6OCKOgR7+uRZ0jgq2ydl+/q4VLnI4yigXbSPDpGNTlEFVVEN1RFFD+gJvaBX49F4Nt6M90nrnJHP7KA/MD6+AQremEc=</latexit>

uH

I = uH

II

<latexit sha1_base64="HhiwTp7pEtzW/8Jm+K+2J4nL87E=">AAACFXicbVDLSsNAFJ34tr6iLt0MFsGFlkREXYpudKdgVWhCmExv2qGThzM31hLyE278FTcuFHEruPNvnNYutHpg4HDOvdw5J8yk0Og4n9bY+MTk1PTMbGVufmFxyV5eudRprjjUeSpTdR0yDVIkUEeBEq4zBSwOJVyFneO+f3ULSos0ucBeBn7MWomIBGdopMDeoh4gCzyEOyxOSy9TaYYp9SLFeOGWhadvFBbd7W7glGVgV52aMwD9S9whqZIhzgL7w2umPI8hQS6Z1g3XydAvmELBJZQVL9eQMd5hLWgYmrAYtF8MUpV0wyhNGqXKvATpQP25UbBY614cmsmYYVuPen3xP6+RY3TgFyLJcoSEfx+KcklN7n5FtCkUcJQ9QxhXwvyV8jYzhaApsmJKcEcj/yWXOzV3r+ae71YPj4Z1zJA1sk42iUv2ySE5IWekTji5J4/kmbxYD9aT9Wq9fY+OWcOdVfIL1vsX1UKf4Q==</latexit>

⌘I /
1p

w � w0

<latexit sha1_base64="syf63Qqj41/3fJxNSZjpkbmnBM4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF71FMA9MljA7mSRDZmeXmV5JWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMY3kz9xhPXRkTqAccx90PaV6InGEUrPY46beQjTO8mnWLJLbszkGXiZaQEGaqd4le7G7Ek5AqZpMa0PDdGP6UaBZN8UmgnhseUDWmftyxVNOTGT2cXT8iJVbqkF2lbCslM/T2R0tCYcRjYzpDiwCx6U/E/r5Vg78pPhYoT5IrNF/USSTAi0/dJV2jOUI4toUwLeythA6opQxtSwYbgLb68TOpnZe+i7N2flyrXWRx5OIJjOAUPLqECt1CFGjBQ8Ayv8OYY58V5dz7mrTknmzmEP3A+fwD4SpEd</latexit>xI
<latexit sha1_base64="10GGLrWpN4bp7Wh9by1bmzkz9x4=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1iEClISEXVZdOOygr1AG8JkOmmHTiZh5sQSah/FjQtF3Pok7nwbp20W2vrDwMd/zuGc+YNEcA2O822trK6tb2wWtorbO7t7+3bpoKnjVFHWoLGIVTsgmgkuWQM4CNZOFCNRIFgrGN5O661HpjSP5QNkCfMi0pc85JSAsXy7NOpyiSsj3zkzEEJ26ttlp+rMhJfBzaGMctV9+6vbi2kaMQlUEK07rpOANyYKOBVsUuymmiWEDkmfdQxKEjHtjWenT/CJcXo4jJV5EvDM/T0xJpHWWRSYzojAQC/WpuZ/tU4K4bU35jJJgUk6XxSmAkOMpzngHleMgsgMEKq4uRXTAVGEgkmraEJwF7+8DM3zqntZde8vyrWbPI4COkLHqIJcdIVq6A7VUQNRNELP6BW9WU/Wi/VufcxbV6x85hD9kfX5A/x2ky4=</latexit>

w 2 (w0,1)



Gluing two BTZ black holes
• [H2, H2]


• [E, E] or [E H1]



Gluing two BTZ black holes
• [H1, E]


• no [E, H2], [H1, H2], [H2, E], [H2, H1]     (the continuous condition of metric）


• no [H1, H1], forbidden by NEC
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II



g-theorem (1)
•  When the induced metric on the interface brane is asymptotically AdS in both UV and IR, we have 

   UV AdS2


   


   IR AdS2  


      NEC


•  Along the RG flow, g-theorem is  
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g-theorem (2)

• Along the RG flow, g-theorem is   


When             ,                       unfolding the BCFT result,   [SSA by 

takayanagi et al.],  NEC, 


When                 (for profiles of case 2)


       (from NEC)


For other cases, we numerically construct concrete examples.

0 < ⌫ < 1
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Features from case studies
• Relation


• UV AdS2 to IR AdS2, potential evolves from locally minimal to globally 
maximum


• UV AdS2 to IR flat, potential evolves from a locally maximal (VI) or a locally 
minimal (IV) in UV to a globally minimal in IR


• When the scalar potential is non-monotonic, (Solutions IV, V), there exits 
multiple extremal surfaces. A first-order phase transition occurs for the 
interface entropy


• When the induced metric is asymptotically flat in IR, 


• The g-theorem is always consistently satisfied



Solution III

NEC  


UV   AdS2 ;  IR AdS2    

ab > 0
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Solution VI

NEC  


UV   AdS2 ;  IR flat   

� < 0 when n > 1
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Holographic entanglement entropy
• Consider the interval 


• RT-formulae 


        Boundary condition 
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Holographic entanglement entropy
• Consider the interval 


• RT-formula


        Boundary condition 


        Squashed geodesics


• BCFT limits


• Effective central charge from holographic entanglement entropy 
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[Anous, Meineri, Pelliconi, Sonner;  Czech, Nguyen, Swaminathan]



Interface in holography


