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Holographic Calculations 
(Given: an entangling region A at AdS boundary)

● Modular Hamiltonian:

Calculate holographic stress tensor at boundary
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● Entanglement Entropy:

Find a minimal surface  γ
A
:  z = f (r) 

                                             (spherical surfaces)
                                                

and EE is 

                         Ryu-Takayanagi prescription: 

SEE =
2⇡Area(�A)
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(Ryu -Takayanagi, 
     Phys.Rev.Lett.96:181602,2006)

Can we demystify Holography using using Entanglement ? 

What is the basic mechanism of  AdS/CFT?

Motivation

There are many paths that currently being pursued: 
We will focus on Entanglement for this talk  



Tensor Networks : 
(representing wavefunctions)

                         Well known concept in condensed matter community  

Quantum many body systems:  “curse of dimensionality”

To name a few: MPS, PEPS, MERA :  All these exploit entanglement to simplify  
the many body wavefunctions 

Numerous application; Classifying gapped systems, topological phases, 
Correlation functions etc… and also recently in AdS/CFT.

(courtesy Roman Orus :  
Advances in Tensor network )
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Observation:    Tensor Network of  MERA= 
Describing a time slice of MERA



Further Developments and Motivations
Models where EE bound is saturated  based on Error corrections,  
Random tensors etc 

Proposals for computing correlation functions and Bulk/ Boundary reconstruction 
(HKLL) 

(AB, Hung, Liu, Shen ’16, AB, Hung, Li, 17)  
Progress towards understanding Causal structure etc. 

(Benny ’11, Czech, Vidal ’15, AB and Hung ‘18)  

(Preskill,Pastawski,Harlow, Yoshida ’15, Hayden, Nezami, Qi,  Thomas, Walter Yang ’16)  

But these are only baby steps , precise reconstruction of  Holography dictionary 
is still eluding for example: role of  large central charge, sparse spectrum etc. 

Sub-AdS locality? Role of  conformal symmetry on these discrete lattices,  
How to define a metric? Notion of  Stress tensor  

Some of  this problems maybe due to the lattice artifacts and to genuinely  
understand AdS/CFT we want to take somehow  a continuous limit. 

–

–

–

Some Questions:

–

–

–



Also we want to study back reaction through the tensor networks.  
Perturbing CFT’s and studying the back reaction  to the geometry  
is an important aspect of  AdS/CFT. But in general it is difficult to  
study it in terms of  tensor  network. Lattice discretization makes is 
generally difficult and hard to control operator growth inside  the 
network. 

Motivated by this we want to resort to a different approach based on studying  
Euclidean path integral, related to the continuum limit of  tensor network.

Guiding principle I:   
Representation of  wave functional (written in terms of  path integral) by tensor network  
= arrangements of  these tensor gives a metric 
                                 

Guiding principle II:   

Find an efficient way to represent this network = Optimize w.r.t this metric,  
gives some sort of  dynamical equations. 

Efficient for discussing backreactions

By product:  Gives a systematic definition of  computing “Complexity”in “Quantum Field theory” 

                                                      



                                      Path-Integral Optimization
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We will work in d=2 dimensions –
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Area of  one unit cell:

Now we know we can ignore high momentum mode k >
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So we can coarse grain the lattice for large z and fine 
grain it near small z. That gives the “optimize” path 
integral. 
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Now to calculate the area of unit cell we introduce  
a position dependent cut-off. 
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<latexit sha1_base64="ZhvSMf0MTpjGcqBI0Bo/Zwn/DfU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBMUMLMIOhFCHrxGMEskElCT08ladKz0N0jWcgvePFXvHhQxKs3b/6NneWgiQ8KHu9VUVXPizmTyrK+jdTK6tr6Rnozs7W9s7uX3T+oyCgRFMo04pGoeUQCZyGUFVMcarEAEngcql7vZuJXH0BIFoX3ahBDIyCdkLUZJUpLrazpy6Zz5UI/Nh1XMe4DduMuM/tnw3wem/6w6Zz6/aaTb2VzVsGaAi8Te05yaI5SK/vl+hFNAggV5UTKum3FqjEiQjHKYZxxEwkxoT3SgbqmIQlANkbTj8b4RCs+bkdCV6jwVP09MSKBlIPA050BUV256E3E/7x6otqXjREL40RBSGeL2gnHKsKTeLDPBFDFB5oQKpi+FdMuEYQqHWJGh2AvvrxMKk7Btgr23XmueD2PI42O0DEykY0uUBHdohIqI4oe0TN6RW/Gk/FivBsfs9aUMZ85RH9gfP4A3E6bGw==</latexit><latexit sha1_base64="ZhvSMf0MTpjGcqBI0Bo/Zwn/DfU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBMUMLMIOhFCHrxGMEskElCT08ladKz0N0jWcgvePFXvHhQxKs3b/6NneWgiQ8KHu9VUVXPizmTyrK+jdTK6tr6Rnozs7W9s7uX3T+oyCgRFMo04pGoeUQCZyGUFVMcarEAEngcql7vZuJXH0BIFoX3ahBDIyCdkLUZJUpLrazpy6Zz5UI/Nh1XMe4DduMuM/tnw3wem/6w6Zz6/aaTb2VzVsGaAi8Te05yaI5SK/vl+hFNAggV5UTKum3FqjEiQjHKYZxxEwkxoT3SgbqmIQlANkbTj8b4RCs+bkdCV6jwVP09MSKBlIPA050BUV256E3E/7x6otqXjREL40RBSGeL2gnHKsKTeLDPBFDFB5oQKpi+FdMuEYQqHWJGh2AvvrxMKk7Btgr23XmueD2PI42O0DEykY0uUBHdohIqI4oe0TN6RW/Gk/FivBsfs9aUMZ85RH9gfP4A3E6bGw==</latexit><latexit sha1_base64="ZhvSMf0MTpjGcqBI0Bo/Zwn/DfU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBMUMLMIOhFCHrxGMEskElCT08ladKz0N0jWcgvePFXvHhQxKs3b/6NneWgiQ8KHu9VUVXPizmTyrK+jdTK6tr6Rnozs7W9s7uX3T+oyCgRFMo04pGoeUQCZyGUFVMcarEAEngcql7vZuJXH0BIFoX3ahBDIyCdkLUZJUpLrazpy6Zz5UI/Nh1XMe4DduMuM/tnw3wem/6w6Zz6/aaTb2VzVsGaAi8Te05yaI5SK/vl+hFNAggV5UTKum3FqjEiQjHKYZxxEwkxoT3SgbqmIQlANkbTj8b4RCs+bkdCV6jwVP09MSKBlIPA050BUV256E3E/7x6otqXjREL40RBSGeL2gnHKsKTeLDPBFDFB5oQKpi+FdMuEYQqHWJGh2AvvrxMKk7Btgr23XmueD2PI42O0DEykY0uUBHdohIqI4oe0TN6RW/Gk/FivBsfs9aUMZ85RH9gfP4A3E6bGw==</latexit><latexit sha1_base64="ZhvSMf0MTpjGcqBI0Bo/Zwn/DfU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBMUMLMIOhFCHrxGMEskElCT08ladKz0N0jWcgvePFXvHhQxKs3b/6NneWgiQ8KHu9VUVXPizmTyrK+jdTK6tr6Rnozs7W9s7uX3T+oyCgRFMo04pGoeUQCZyGUFVMcarEAEngcql7vZuJXH0BIFoX3ahBDIyCdkLUZJUpLrazpy6Zz5UI/Nh1XMe4DduMuM/tnw3wem/6w6Zz6/aaTb2VzVsGaAi8Te05yaI5SK/vl+hFNAggV5UTKum3FqjEiQjHKYZxxEwkxoT3SgbqmIQlANkbTj8b4RCs+bkdCV6jwVP09MSKBlIPA050BUV256E3E/7x6otqXjREL40RBSGeL2gnHKsKTeLDPBFDFB5oQKpi+FdMuEYQqHWJGh2AvvrxMKk7Btgr23XmueD2PI42O0DEykY0uUBHdohIqI4oe0TN6RW/Gk/FivBsfs9aUMZ85RH9gfP4A3E6bGw==</latexit>

Basically we have done a Weyl-Rescaling!!! 

but with the boundary conditions: 

g

zz

(z = ✏, x) = ✏

�2
, g

xx

(z = ✏, x) = ✏

�2
, g

iz

= 0.
<latexit sha1_base64="l5rOM0R6OKj6u54CspFdawGTsfg=">AAACOXicfVDLSgMxFM3UV62vUZdugkWoUMtMEXRTKLpxWcE+oB2HTJq2oZnMkGSk7TC/5ca/cCe4caGIW3/A9IFoKx4IHM45l5t7vJBRqSzryUgtLa+srqXXMxubW9s75u5eTQaRwKSKAxaIhockYZSTqqKKkUYoCPI9Rupe/3Ls1++IkDTgN2oYEsdHXU47FCOlJdesdN14NEpyo1KLhJKygOcHx9/8Nj4pJnkdGQz+j0CdoaOkZBVcM2sVrAngIrFnJAtmqLjmY6sd4MgnXGGGpGzaVqicGAlFMSNJphVJEiLcR13S1JQjn0gnnlyewCOttGEnEPpxBSfqz4kY+VIOfU8nfaR6ct4bi395zUh1zp2Y8jBShOPpok7EoArguEbYpoJgxYaaICyo/ivEPSQQVrrsjC7Bnj95kdSKBdsq2Nen2fLFrI40OACHIAdscAbK4ApUQBVgcA+ewSt4Mx6MF+Pd+JhGU8ZsZh/8gvH5BdOjrXM=</latexit><latexit sha1_base64="l5rOM0R6OKj6u54CspFdawGTsfg=">AAACOXicfVDLSgMxFM3UV62vUZdugkWoUMtMEXRTKLpxWcE+oB2HTJq2oZnMkGSk7TC/5ca/cCe4caGIW3/A9IFoKx4IHM45l5t7vJBRqSzryUgtLa+srqXXMxubW9s75u5eTQaRwKSKAxaIhockYZSTqqKKkUYoCPI9Rupe/3Ls1++IkDTgN2oYEsdHXU47FCOlJdesdN14NEpyo1KLhJKygOcHx9/8Nj4pJnkdGQz+j0CdoaOkZBVcM2sVrAngIrFnJAtmqLjmY6sd4MgnXGGGpGzaVqicGAlFMSNJphVJEiLcR13S1JQjn0gnnlyewCOttGEnEPpxBSfqz4kY+VIOfU8nfaR6ct4bi395zUh1zp2Y8jBShOPpok7EoArguEbYpoJgxYaaICyo/ivEPSQQVrrsjC7Bnj95kdSKBdsq2Nen2fLFrI40OACHIAdscAbK4ApUQBVgcA+ewSt4Mx6MF+Pd+JhGU8ZsZh/8gvH5BdOjrXM=</latexit><latexit sha1_base64="l5rOM0R6OKj6u54CspFdawGTsfg=">AAACOXicfVDLSgMxFM3UV62vUZdugkWoUMtMEXRTKLpxWcE+oB2HTJq2oZnMkGSk7TC/5ca/cCe4caGIW3/A9IFoKx4IHM45l5t7vJBRqSzryUgtLa+srqXXMxubW9s75u5eTQaRwKSKAxaIhockYZSTqqKKkUYoCPI9Rupe/3Ls1++IkDTgN2oYEsdHXU47FCOlJdesdN14NEpyo1KLhJKygOcHx9/8Nj4pJnkdGQz+j0CdoaOkZBVcM2sVrAngIrFnJAtmqLjmY6sd4MgnXGGGpGzaVqicGAlFMSNJphVJEiLcR13S1JQjn0gnnlyewCOttGEnEPpxBSfqz4kY+VIOfU8nfaR6ct4bi395zUh1zp2Y8jBShOPpok7EoArguEbYpoJgxYaaICyo/ivEPSQQVrrsjC7Bnj95kdSKBdsq2Nen2fLFrI40OACHIAdscAbK4ApUQBVgcA+ewSt4Mx6MF+Pd+JhGU8ZsZh/8gvH5BdOjrXM=</latexit><latexit sha1_base64="l5rOM0R6OKj6u54CspFdawGTsfg=">AAACOXicfVDLSgMxFM3UV62vUZdugkWoUMtMEXRTKLpxWcE+oB2HTJq2oZnMkGSk7TC/5ca/cCe4caGIW3/A9IFoKx4IHM45l5t7vJBRqSzryUgtLa+srqXXMxubW9s75u5eTQaRwKSKAxaIhockYZSTqqKKkUYoCPI9Rupe/3Ls1++IkDTgN2oYEsdHXU47FCOlJdesdN14NEpyo1KLhJKygOcHx9/8Nj4pJnkdGQz+j0CdoaOkZBVcM2sVrAngIrFnJAtmqLjmY6sd4MgnXGGGpGzaVqicGAlFMSNJphVJEiLcR13S1JQjn0gnnlyewCOttGEnEPpxBSfqz4kY+VIOfU8nfaR6ct4bi395zUh1zp2Y8jBShOPpok7EoArguEbYpoJgxYaaICyo/ivEPSQQVrrsjC7Bnj95kdSKBdsq2Nen2fLFrI40OACHIAdscAbK4ApUQBVgcA+ewSt4Mx6MF+Pd+JhGU8ZsZh/8gvH5BdOjrXM=</latexit>

(AB, PC, SD, NK, MM, TT ’18
PC, SD, NK, MM,  KW, TT’17)



 ⌘
ab

[�(x)] = N (�̃(x),�0) ⌘
ab

e�̃(x) [�(x)]
<latexit sha1_base64="hAt2FSgmsOKr8YXdmc/T3rpSw8E="></latexit><latexit sha1_base64="hAt2FSgmsOKr8YXdmc/T3rpSw8E="></latexit><latexit sha1_base64="hAt2FSgmsOKr8YXdmc/T3rpSw8E="></latexit><latexit sha1_base64="hAt2FSgmsOKr8YXdmc/T3rpSw8E="></latexit>

Then to make this most  optimization most efficient we “minimize” this 
                                                   proportionality factor. 

Example I: CFT 

Only the measure changes: 

S⌘
ab

CFT = S⌘
ab

e2�̃(x,z)

CFT
<latexit sha1_base64="JumA489EB3q6Z5rjQTrIJUwcqGs=">AAACJXicbVDLSgNBEJz1bXytevQyGAQFCbtB0IOCKIhHRWOEbFxmJ51kyOyDmV4xLvszXvwVLx4UETz5K05ihGgsGCiqqunpChIpNDrOhzU2PjE5NT0zW5ibX1hcspdXrnScKg4VHstYXQdMgxQRVFCghOtEAQsDCdWgc9zzq7egtIijS+wmUA9ZKxJNwRkaybf3L24yD5D5GQvy3M+OTy7zg2ENbrKyh0I2gHpJW2zebd9v/QR9u+iUnD7oKHEHpEgGOPPtV68R8zSECLlkWtdcJ8F6xhQKLiEveKmGhPEOa0HN0IiFoOtZ/8qcbhilQZuxMi9C2leHJzIWat0NA5MMGbb1X68n/ufVUmzu1TMRJSlCxL8XNVNJMaa9ymhDKOAou4YwroT5K+VtphhHU2zBlOD+PXmUXJVLrlNyz3eKh0eDOmbIGlknm8Qlu+SQnJIzUiGcPJAn8kJerUfr2Xqz3r+jY9ZgZpX8gvX5BZYrpeE=</latexit><latexit sha1_base64="JumA489EB3q6Z5rjQTrIJUwcqGs=">AAACJXicbVDLSgNBEJz1bXytevQyGAQFCbtB0IOCKIhHRWOEbFxmJ51kyOyDmV4xLvszXvwVLx4UETz5K05ihGgsGCiqqunpChIpNDrOhzU2PjE5NT0zW5ibX1hcspdXrnScKg4VHstYXQdMgxQRVFCghOtEAQsDCdWgc9zzq7egtIijS+wmUA9ZKxJNwRkaybf3L24yD5D5GQvy3M+OTy7zg2ENbrKyh0I2gHpJW2zebd9v/QR9u+iUnD7oKHEHpEgGOPPtV68R8zSECLlkWtdcJ8F6xhQKLiEveKmGhPEOa0HN0IiFoOtZ/8qcbhilQZuxMi9C2leHJzIWat0NA5MMGbb1X68n/ufVUmzu1TMRJSlCxL8XNVNJMaa9ymhDKOAou4YwroT5K+VtphhHU2zBlOD+PXmUXJVLrlNyz3eKh0eDOmbIGlknm8Qlu+SQnJIzUiGcPJAn8kJerUfr2Xqz3r+jY9ZgZpX8gvX5BZYrpeE=</latexit><latexit sha1_base64="JumA489EB3q6Z5rjQTrIJUwcqGs=">AAACJXicbVDLSgNBEJz1bXytevQyGAQFCbtB0IOCKIhHRWOEbFxmJ51kyOyDmV4xLvszXvwVLx4UETz5K05ihGgsGCiqqunpChIpNDrOhzU2PjE5NT0zW5ibX1hcspdXrnScKg4VHstYXQdMgxQRVFCghOtEAQsDCdWgc9zzq7egtIijS+wmUA9ZKxJNwRkaybf3L24yD5D5GQvy3M+OTy7zg2ENbrKyh0I2gHpJW2zebd9v/QR9u+iUnD7oKHEHpEgGOPPtV68R8zSECLlkWtdcJ8F6xhQKLiEveKmGhPEOa0HN0IiFoOtZ/8qcbhilQZuxMi9C2leHJzIWat0NA5MMGbb1X68n/ufVUmzu1TMRJSlCxL8XNVNJMaa9ymhDKOAou4YwroT5K+VtphhHU2zBlOD+PXmUXJVLrlNyz3eKh0eDOmbIGlknm8Qlu+SQnJIzUiGcPJAn8kJerUfr2Xqz3r+jY9ZgZpX8gvX5BZYrpeE=</latexit><latexit sha1_base64="JumA489EB3q6Z5rjQTrIJUwcqGs=">AAACJXicbVDLSgNBEJz1bXytevQyGAQFCbtB0IOCKIhHRWOEbFxmJ51kyOyDmV4xLvszXvwVLx4UETz5K05ihGgsGCiqqunpChIpNDrOhzU2PjE5NT0zW5ibX1hcspdXrnScKg4VHstYXQdMgxQRVFCghOtEAQsDCdWgc9zzq7egtIijS+wmUA9ZKxJNwRkaybf3L24yD5D5GQvy3M+OTy7zg2ENbrKyh0I2gHpJW2zebd9v/QR9u+iUnD7oKHEHpEgGOPPtV68R8zSECLlkWtdcJ8F6xhQKLiEveKmGhPEOa0HN0IiFoOtZ/8qcbhilQZuxMi9C2leHJzIWat0NA5MMGbb1X68n/ufVUmzu1TMRJSlCxL8XNVNJMaa9ymhDKOAou4YwroT5K+VtphhHU2zBlOD+PXmUXJVLrlNyz3eKh0eDOmbIGlknm8Qlu+SQnJIzUiGcPJAn8kJerUfr2Xqz3r+jY9ZgZpX8gvX5BZYrpeE=</latexit>

[D�]
⌘

ab

e

2�̃(x,z) = eSL

(�̃(x,z))�S

L

(0).[D�]
⌘

ab

<latexit sha1_base64="kWe309dweDjmPNNyp9LwUA5ta5k="></latexit><latexit sha1_base64="kWe309dweDjmPNNyp9LwUA5ta5k="></latexit><latexit sha1_base64="kWe309dweDjmPNNyp9LwUA5ta5k="></latexit><latexit sha1_base64="kWe309dweDjmPNNyp9LwUA5ta5k="></latexit>

Then,  N (�̃(x, z),�0) = e

SL(�̃(x,z))
, S

L

(�̃(x, z)) =
c

24⇡

Z 1

�1
dx

Z 1

✏

dz

h
(@

x

�̃)2 + (@
z

�̃)2 + µe

2�̃
i

<latexit sha1_base64="WmTK1u7MiLIcilX+WqpxbWALrrk="></latexit><latexit sha1_base64="WmTK1u7MiLIcilX+WqpxbWALrrk="></latexit><latexit sha1_base64="WmTK1u7MiLIcilX+WqpxbWALrrk="></latexit><latexit sha1_base64="WmTK1u7MiLIcilX+WqpxbWALrrk="></latexit>

Optimizing means finding eom of  this Liouville action  

4@
w

@
w̄

�̃ = e2�̃ e2�̃(z=✏,x) =
1

✏2
<latexit sha1_base64="zKwjat3qSo7pJ1s7iUh+UumSDIY="></latexit><latexit sha1_base64="zKwjat3qSo7pJ1s7iUh+UumSDIY="></latexit><latexit sha1_base64="zKwjat3qSo7pJ1s7iUh+UumSDIY="></latexit><latexit sha1_base64="zKwjat3qSo7pJ1s7iUh+UumSDIY="></latexit>

Solutions:  
e

2�̃ =
4A0(w)B0(w̄)

(1�A(w)B(w̄))2
, w = z + i x, w̄ = z � i x

<latexit sha1_base64="+AJSHYG2gL9TqH4HHoukK86iYQs="></latexit><latexit sha1_base64="+AJSHYG2gL9TqH4HHoukK86iYQs="></latexit><latexit sha1_base64="+AJSHYG2gL9TqH4HHoukK86iYQs="></latexit><latexit sha1_base64="+AJSHYG2gL9TqH4HHoukK86iYQs="></latexit>

time slice of   
AdS_{3} 

(Polyakov `81)

(AB, PC, SD, NK, MM, TT ’18
PC, SD, NK, MM,  KW, TT’17)



Example II: CFT perturbed by relevant operators 

<latexit sha1_base64="dh63w5VRMpbTgA3dIXDuB/juW6A="></latexit>

Then  only under the rescaling of  the metric:  

⌘
ab

! ⌘
ab

e2 �̃(x,z)
<latexit sha1_base64="CxVLt8Rw9In/1NgJGCNgi6cOs2I=">AAACHnicbVDLSgNBEJyN7/iKevQyGASFEHZF0aPoxaOCUSEbQ++kkwyZfTDTq8YlX+LFX/HiQRHBk/6NkxhEjQUNRVU33V1BoqQh1/1wcmPjE5NT0zP52bn5hcXC0vKZiVMtsCJiFeuLAAwqGWGFJCm8SDRCGCg8DzqHff/8CrWRcXRK3QRrIbQi2ZQCyEr1wo6PBPUMgp6vZatNoHV8zb9FvMy2/JJPUjWQ+0lbbtyUbjd79ULRLbsD8FHiDUmRDXFcL7z5jVikIUYkFBhT9dyEahlokkJhL++nBhMQHWhh1dIIQjS1bPBej69bpcGbsbYVER+oPycyCI3phoHtDIHa5q/XF//zqik192qZjJKUMBJfi5qp4hTzfla8ITUKUl1LQGhpb+WiDRoE2UTzNgTv78uj5Gyr7Lll72S7uH8wjGOarbI1tsE8tsv22RE7ZhUm2B17YE/s2bl3Hp0X5/WrNecMZ1bYLzjvn/eBovE=</latexit><latexit sha1_base64="CxVLt8Rw9In/1NgJGCNgi6cOs2I=">AAACHnicbVDLSgNBEJyN7/iKevQyGASFEHZF0aPoxaOCUSEbQ++kkwyZfTDTq8YlX+LFX/HiQRHBk/6NkxhEjQUNRVU33V1BoqQh1/1wcmPjE5NT0zP52bn5hcXC0vKZiVMtsCJiFeuLAAwqGWGFJCm8SDRCGCg8DzqHff/8CrWRcXRK3QRrIbQi2ZQCyEr1wo6PBPUMgp6vZatNoHV8zb9FvMy2/JJPUjWQ+0lbbtyUbjd79ULRLbsD8FHiDUmRDXFcL7z5jVikIUYkFBhT9dyEahlokkJhL++nBhMQHWhh1dIIQjS1bPBej69bpcGbsbYVER+oPycyCI3phoHtDIHa5q/XF//zqik192qZjJKUMBJfi5qp4hTzfla8ITUKUl1LQGhpb+WiDRoE2UTzNgTv78uj5Gyr7Lll72S7uH8wjGOarbI1tsE8tsv22RE7ZhUm2B17YE/s2bl3Hp0X5/WrNecMZ1bYLzjvn/eBovE=</latexit><latexit sha1_base64="CxVLt8Rw9In/1NgJGCNgi6cOs2I=">AAACHnicbVDLSgNBEJyN7/iKevQyGASFEHZF0aPoxaOCUSEbQ++kkwyZfTDTq8YlX+LFX/HiQRHBk/6NkxhEjQUNRVU33V1BoqQh1/1wcmPjE5NT0zP52bn5hcXC0vKZiVMtsCJiFeuLAAwqGWGFJCm8SDRCGCg8DzqHff/8CrWRcXRK3QRrIbQi2ZQCyEr1wo6PBPUMgp6vZatNoHV8zb9FvMy2/JJPUjWQ+0lbbtyUbjd79ULRLbsD8FHiDUmRDXFcL7z5jVikIUYkFBhT9dyEahlokkJhL++nBhMQHWhh1dIIQjS1bPBej69bpcGbsbYVER+oPycyCI3phoHtDIHa5q/XF//zqik192qZjJKUMBJfi5qp4hTzfla8ITUKUl1LQGhpb+WiDRoE2UTzNgTv78uj5Gyr7Lll72S7uH8wjGOarbI1tsE8tsv22RE7ZhUm2B17YE/s2bl3Hp0X5/WrNecMZ1bYLzjvn/eBovE=</latexit><latexit sha1_base64="CxVLt8Rw9In/1NgJGCNgi6cOs2I=">AAACHnicbVDLSgNBEJyN7/iKevQyGASFEHZF0aPoxaOCUSEbQ++kkwyZfTDTq8YlX+LFX/HiQRHBk/6NkxhEjQUNRVU33V1BoqQh1/1wcmPjE5NT0zP52bn5hcXC0vKZiVMtsCJiFeuLAAwqGWGFJCm8SDRCGCg8DzqHff/8CrWRcXRK3QRrIbQi2ZQCyEr1wo6PBPUMgp6vZatNoHV8zb9FvMy2/JJPUjWQ+0lbbtyUbjd79ULRLbsD8FHiDUmRDXFcL7z5jVikIUYkFBhT9dyEahlokkJhL++nBhMQHWhh1dIIQjS1bPBej69bpcGbsbYVER+oPycyCI3phoHtDIHa5q/XF//zqik192qZjJKUMBJfi5qp4hTzfla8ITUKUl1LQGhpb+WiDRoE2UTzNgTv78uj5Gyr7Lll72S7uH8wjGOarbI1tsE8tsv22RE7ZhUm2B17YE/s2bl3Hp0X5/WrNecMZ1bYLzjvn/eBovE=</latexit>

[D�]
⌘

ab

e

2�̃(z,x) = eSL

(�̃(x,z))[D�]
⌘

ab

<latexit sha1_base64="12UoQ8kzyTMJHpxmmJeONoIxyes="></latexit><latexit sha1_base64="12UoQ8kzyTMJHpxmmJeONoIxyes="></latexit><latexit sha1_base64="12UoQ8kzyTMJHpxmmJeONoIxyes="></latexit><latexit sha1_base64="12UoQ8kzyTMJHpxmmJeONoIxyes="></latexit>

We will have again: 

But:  S⌘
ab

/ S⌘
ab

e2�̃(x,z)
<latexit sha1_base64="Y9Am56fNFMJFyHrozvETR9wCmXw=">AAACIXicbVDJSgNBEO1xjXGLevTSGAQFCTMi6DHoxWNEs0AmDj2dStKkZ6G7RozD/IoXf8WLB0VyE3/GznKIxgcFj/eqqKrnx1JotO0va2FxaXllNbeWX9/Y3Nou7OzWdJQoDlUeyUg1fKZBihCqKFBCI1bAAl9C3e9fjfz6AygtovAOBzG0AtYNRUdwhkbyChe3XuoCMi9lfpZRN1ZRjBGdVeE+PXVRyDYYuyeOHk+ejrPMKxTtkj0GnSfOlBTJFBWvMHTbEU8CCJFLpnXTsWNspUyh4BKyvJtoiBnvsy40DQ1ZALqVjj/M6KFR2rQTKVMh0rE6O5GyQOtB4JvOgGFP//VG4n9eM8HORSsVYZwghHyyqJNIajIYxUXbQgFHOTCEcSXMrZT3mGIcTah5E4Lz9+V5UjstOXbJuTkrli+nceTIPjkgR8Qh56RMrkmFVAknz+SVvJMP68V6sz6t4aR1wZrO7JFfsL5/AJBZpFY=</latexit><latexit sha1_base64="Y9Am56fNFMJFyHrozvETR9wCmXw=">AAACIXicbVDJSgNBEO1xjXGLevTSGAQFCTMi6DHoxWNEs0AmDj2dStKkZ6G7RozD/IoXf8WLB0VyE3/GznKIxgcFj/eqqKrnx1JotO0va2FxaXllNbeWX9/Y3Nou7OzWdJQoDlUeyUg1fKZBihCqKFBCI1bAAl9C3e9fjfz6AygtovAOBzG0AtYNRUdwhkbyChe3XuoCMi9lfpZRN1ZRjBGdVeE+PXVRyDYYuyeOHk+ejrPMKxTtkj0GnSfOlBTJFBWvMHTbEU8CCJFLpnXTsWNspUyh4BKyvJtoiBnvsy40DQ1ZALqVjj/M6KFR2rQTKVMh0rE6O5GyQOtB4JvOgGFP//VG4n9eM8HORSsVYZwghHyyqJNIajIYxUXbQgFHOTCEcSXMrZT3mGIcTah5E4Lz9+V5UjstOXbJuTkrli+nceTIPjkgR8Qh56RMrkmFVAknz+SVvJMP68V6sz6t4aR1wZrO7JFfsL5/AJBZpFY=</latexit><latexit sha1_base64="Y9Am56fNFMJFyHrozvETR9wCmXw=">AAACIXicbVDJSgNBEO1xjXGLevTSGAQFCTMi6DHoxWNEs0AmDj2dStKkZ6G7RozD/IoXf8WLB0VyE3/GznKIxgcFj/eqqKrnx1JotO0va2FxaXllNbeWX9/Y3Nou7OzWdJQoDlUeyUg1fKZBihCqKFBCI1bAAl9C3e9fjfz6AygtovAOBzG0AtYNRUdwhkbyChe3XuoCMi9lfpZRN1ZRjBGdVeE+PXVRyDYYuyeOHk+ejrPMKxTtkj0GnSfOlBTJFBWvMHTbEU8CCJFLpnXTsWNspUyh4BKyvJtoiBnvsy40DQ1ZALqVjj/M6KFR2rQTKVMh0rE6O5GyQOtB4JvOgGFP//VG4n9eM8HORSsVYZwghHyyqJNIajIYxUXbQgFHOTCEcSXMrZT3mGIcTah5E4Lz9+V5UjstOXbJuTkrli+nceTIPjkgR8Qh56RMrkmFVAknz+SVvJMP68V6sz6t4aR1wZrO7JFfsL5/AJBZpFY=</latexit><latexit sha1_base64="Y9Am56fNFMJFyHrozvETR9wCmXw=">AAACIXicbVDJSgNBEO1xjXGLevTSGAQFCTMi6DHoxWNEs0AmDj2dStKkZ6G7RozD/IoXf8WLB0VyE3/GznKIxgcFj/eqqKrnx1JotO0va2FxaXllNbeWX9/Y3Nou7OzWdJQoDlUeyUg1fKZBihCqKFBCI1bAAl9C3e9fjfz6AygtovAOBzG0AtYNRUdwhkbyChe3XuoCMi9lfpZRN1ZRjBGdVeE+PXVRyDYYuyeOHk+ejrPMKxTtkj0GnSfOlBTJFBWvMHTbEU8CCJFLpnXTsWNspUyh4BKyvJtoiBnvsy40DQ1ZALqVjj/M6KFR2rQTKVMh0rE6O5GyQOtB4JvOgGFP//VG4n9eM8HORSsVYZwghHyyqJNIajIYxUXbQgFHOTCEcSXMrZT3mGIcTah5E4Lz9+V5UjstOXbJuTkrli+nceTIPjkgR8Qh56RMrkmFVAknz+SVvJMP68V6sz6t4aR1wZrO7JFfsL5/AJBZpFY=</latexit>

/
<latexit sha1_base64="jJ/bSWVUEdMhc+7tQpLb8EzV1bw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9ol5JNp21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8Cj/dmJjMvSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrhHUjHrlil/15yCrJMhJBXLUe+Wvbl+xNEZpmRtgOoGf2DCj2nImcFrqpgYTysZ0iB1HJY3RhNl82yk5c0qfDJR2T1oyV393ZDQ2ZhJHrjKmdmSWvZn4n9dJ7eA6zLhMUouSLT4apIJYRWankz7XyKyYOEKZ5m5XwkZUU2ZdQCUXQrB88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sSgteHnPMfyB9/kDq4qPLQ==</latexit><latexit sha1_base64="jJ/bSWVUEdMhc+7tQpLb8EzV1bw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9ol5JNp21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8Cj/dmJjMvSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrhHUjHrlil/15yCrJMhJBXLUe+Wvbl+xNEZpmRtgOoGf2DCj2nImcFrqpgYTysZ0iB1HJY3RhNl82yk5c0qfDJR2T1oyV393ZDQ2ZhJHrjKmdmSWvZn4n9dJ7eA6zLhMUouSLT4apIJYRWankz7XyKyYOEKZ5m5XwkZUU2ZdQCUXQrB88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sSgteHnPMfyB9/kDq4qPLQ==</latexit><latexit sha1_base64="jJ/bSWVUEdMhc+7tQpLb8EzV1bw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9ol5JNp21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8Cj/dmJjMvSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrhHUjHrlil/15yCrJMhJBXLUe+Wvbl+xNEZpmRtgOoGf2DCj2nImcFrqpgYTysZ0iB1HJY3RhNl82yk5c0qfDJR2T1oyV393ZDQ2ZhJHrjKmdmSWvZn4n9dJ7eA6zLhMUouSLT4apIJYRWankz7XyKyYOEKZ5m5XwkZUU2ZdQCUXQrB88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sSgteHnPMfyB9/kDq4qPLQ==</latexit><latexit sha1_base64="jJ/bSWVUEdMhc+7tQpLb8EzV1bw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9ol5JNp21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8Cj/dmJjMvSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNrhHUjHrlil/15yCrJMhJBXLUe+Wvbl+xNEZpmRtgOoGf2DCj2nImcFrqpgYTysZ0iB1HJY3RhNl82yk5c0qfDJR2T1oyV393ZDQ2ZhJHrjKmdmSWvZn4n9dJ7eA6zLhMUouSLT4apIJYRWankz7XyKyYOEKZ5m5XwkZUU2ZdQCUXQrB88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sSgteHnPMfyB9/kDq4qPLQ==</latexit>

Hence, 
 ⌘

ab

[�(x)] 6= N (�̃(x),�0) ⌘
ab

e2�̃(x,z) [�(x)]
<latexit sha1_base64="ANlJOokweAo9iJBIcWNy7juTRE8="></latexit><latexit sha1_base64="ANlJOokweAo9iJBIcWNy7juTRE8="></latexit><latexit sha1_base64="ANlJOokweAo9iJBIcWNy7juTRE8="></latexit><latexit sha1_base64="ANlJOokweAo9iJBIcWNy7juTRE8="></latexit>

To make this work we have to transform the coupling also, 

�0 ! ��̃
<latexit sha1_base64="uxawJxaz5mv9oe4kjI0GRpqXjL0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0JUwmk2bo5MHMjVJCfsKNv+LGhSJuBXf+jdM2iLYeGDiccy537vFSwRVY1pdRWVpeWV2rrtc2Nre2d8zdvY5KMklZmyYikT2PKCZ4zNrAQbBeKhmJPMG63uhq4nfvmFQ8iW9hnLJBRIYxDzgloCXXPHGEDvvEza3CkXwYApEyucc/sgNc+Aw7acgL16xbDWsKvEjsktRRiZZrfjp+QrOIxUAFUapvWykMciKBU8GKmpMplhI6IkPW1zQmEVODfHpVgY+04uMgkfrFgKfq74mcREqNI08nIwKhmvcm4n9eP4PgYpDzOM2AxXS2KMgEhgRPKsI+l4yCGGtCqOT6r5iGRBIKusiaLsGeP3mRdE4bttWwb87qzcuyjio6QIfoGNnoHDXRNWqhNqLoAT2hF/RqPBrPxpvxPotWjHJmH/2B8fENjAGfqw==</latexit><latexit sha1_base64="uxawJxaz5mv9oe4kjI0GRpqXjL0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0JUwmk2bo5MHMjVJCfsKNv+LGhSJuBXf+jdM2iLYeGDiccy537vFSwRVY1pdRWVpeWV2rrtc2Nre2d8zdvY5KMklZmyYikT2PKCZ4zNrAQbBeKhmJPMG63uhq4nfvmFQ8iW9hnLJBRIYxDzgloCXXPHGEDvvEza3CkXwYApEyucc/sgNc+Aw7acgL16xbDWsKvEjsktRRiZZrfjp+QrOIxUAFUapvWykMciKBU8GKmpMplhI6IkPW1zQmEVODfHpVgY+04uMgkfrFgKfq74mcREqNI08nIwKhmvcm4n9eP4PgYpDzOM2AxXS2KMgEhgRPKsI+l4yCGGtCqOT6r5iGRBIKusiaLsGeP3mRdE4bttWwb87qzcuyjio6QIfoGNnoHDXRNWqhNqLoAT2hF/RqPBrPxpvxPotWjHJmH/2B8fENjAGfqw==</latexit><latexit sha1_base64="uxawJxaz5mv9oe4kjI0GRpqXjL0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0JUwmk2bo5MHMjVJCfsKNv+LGhSJuBXf+jdM2iLYeGDiccy537vFSwRVY1pdRWVpeWV2rrtc2Nre2d8zdvY5KMklZmyYikT2PKCZ4zNrAQbBeKhmJPMG63uhq4nfvmFQ8iW9hnLJBRIYxDzgloCXXPHGEDvvEza3CkXwYApEyucc/sgNc+Aw7acgL16xbDWsKvEjsktRRiZZrfjp+QrOIxUAFUapvWykMciKBU8GKmpMplhI6IkPW1zQmEVODfHpVgY+04uMgkfrFgKfq74mcREqNI08nIwKhmvcm4n9eP4PgYpDzOM2AxXS2KMgEhgRPKsI+l4yCGGtCqOT6r5iGRBIKusiaLsGeP3mRdE4bttWwb87qzcuyjio6QIfoGNnoHDXRNWqhNqLoAT2hF/RqPBrPxpvxPotWjHJmH/2B8fENjAGfqw==</latexit><latexit sha1_base64="uxawJxaz5mv9oe4kjI0GRpqXjL0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0JUwmk2bo5MHMjVJCfsKNv+LGhSJuBXf+jdM2iLYeGDiccy537vFSwRVY1pdRWVpeWV2rrtc2Nre2d8zdvY5KMklZmyYikT2PKCZ4zNrAQbBeKhmJPMG63uhq4nfvmFQ8iW9hnLJBRIYxDzgloCXXPHGEDvvEza3CkXwYApEyucc/sgNc+Aw7acgL16xbDWsKvEjsktRRiZZrfjp+QrOIxUAFUapvWykMciKBU8GKmpMplhI6IkPW1zQmEVODfHpVgY+04uMgkfrFgKfq74mcREqNI08nIwKhmvcm4n9eP4PgYpDzOM2AxXS2KMgEhgRPKsI+l4yCGGtCqOT6r5iGRBIKusiaLsGeP3mRdE4bttWwb87qzcuyjio6QIfoGNnoHDXRNWqhNqLoAT2hF/RqPBrPxpvxPotWjHJmH/2B8fENjAGfqw==</latexit>

(AB, PC, SD, NK, MM, TT ’18)



Now one can derive this transformation                        very systematically �0 ! ��̃
<latexit sha1_base64="uxawJxaz5mv9oe4kjI0GRpqXjL0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0JUwmk2bo5MHMjVJCfsKNv+LGhSJuBXf+jdM2iLYeGDiccy537vFSwRVY1pdRWVpeWV2rrtc2Nre2d8zdvY5KMklZmyYikT2PKCZ4zNrAQbBeKhmJPMG63uhq4nfvmFQ8iW9hnLJBRIYxDzgloCXXPHGEDvvEza3CkXwYApEyucc/sgNc+Aw7acgL16xbDWsKvEjsktRRiZZrfjp+QrOIxUAFUapvWykMciKBU8GKmpMplhI6IkPW1zQmEVODfHpVgY+04uMgkfrFgKfq74mcREqNI08nIwKhmvcm4n9eP4PgYpDzOM2AxXS2KMgEhgRPKsI+l4yCGGtCqOT6r5iGRBIKusiaLsGeP3mRdE4bttWwb87qzcuyjio6QIfoGNnoHDXRNWqhNqLoAT2hF/RqPBrPxpvxPotWjHJmH/2B8fENjAGfqw==</latexit><latexit sha1_base64="uxawJxaz5mv9oe4kjI0GRpqXjL0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0JUwmk2bo5MHMjVJCfsKNv+LGhSJuBXf+jdM2iLYeGDiccy537vFSwRVY1pdRWVpeWV2rrtc2Nre2d8zdvY5KMklZmyYikT2PKCZ4zNrAQbBeKhmJPMG63uhq4nfvmFQ8iW9hnLJBRIYxDzgloCXXPHGEDvvEza3CkXwYApEyucc/sgNc+Aw7acgL16xbDWsKvEjsktRRiZZrfjp+QrOIxUAFUapvWykMciKBU8GKmpMplhI6IkPW1zQmEVODfHpVgY+04uMgkfrFgKfq74mcREqNI08nIwKhmvcm4n9eP4PgYpDzOM2AxXS2KMgEhgRPKsI+l4yCGGtCqOT6r5iGRBIKusiaLsGeP3mRdE4bttWwb87qzcuyjio6QIfoGNnoHDXRNWqhNqLoAT2hF/RqPBrPxpvxPotWjHJmH/2B8fENjAGfqw==</latexit><latexit sha1_base64="uxawJxaz5mv9oe4kjI0GRpqXjL0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0JUwmk2bo5MHMjVJCfsKNv+LGhSJuBXf+jdM2iLYeGDiccy537vFSwRVY1pdRWVpeWV2rrtc2Nre2d8zdvY5KMklZmyYikT2PKCZ4zNrAQbBeKhmJPMG63uhq4nfvmFQ8iW9hnLJBRIYxDzgloCXXPHGEDvvEza3CkXwYApEyucc/sgNc+Aw7acgL16xbDWsKvEjsktRRiZZrfjp+QrOIxUAFUapvWykMciKBU8GKmpMplhI6IkPW1zQmEVODfHpVgY+04uMgkfrFgKfq74mcREqNI08nIwKhmvcm4n9eP4PgYpDzOM2AxXS2KMgEhgRPKsI+l4yCGGtCqOT6r5iGRBIKusiaLsGeP3mRdE4bttWwb87qzcuyjio6QIfoGNnoHDXRNWqhNqLoAT2hF/RqPBrPxpvxPotWjHJmH/2B8fENjAGfqw==</latexit><latexit sha1_base64="uxawJxaz5mv9oe4kjI0GRpqXjL0=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0JUwmk2bo5MHMjVJCfsKNv+LGhSJuBXf+jdM2iLYeGDiccy537vFSwRVY1pdRWVpeWV2rrtc2Nre2d8zdvY5KMklZmyYikT2PKCZ4zNrAQbBeKhmJPMG63uhq4nfvmFQ8iW9hnLJBRIYxDzgloCXXPHGEDvvEza3CkXwYApEyucc/sgNc+Aw7acgL16xbDWsKvEjsktRRiZZrfjp+QrOIxUAFUapvWykMciKBU8GKmpMplhI6IkPW1zQmEVODfHpVgY+04uMgkfrFgKfq74mcREqNI08nIwKhmvcm4n9eP4PgYpDzOM2AxXS2KMgEhgRPKsI+l4yCGGtCqOT6r5iGRBIKusiaLsGeP3mRdE4bttWwb87qzcuyjio6QIfoGNnoHDXRNWqhNqLoAT2hF/RqPBrPxpvxPotWjHJmH/2B8fENjAGfqw==</latexit>

Let us calculate the “beta” function for this theory: 

⇤
d��̃

d⇤
= �(��)

<latexit sha1_base64="d5eC3EBCy4ZVWRijSpc4G6J8y7I=">AAACLnicbVDLSsNAFJ34tr6qLt0MFqFuSiKCboSiCC5cKFgVmlAmkxs7OHkwcyOUkC9y46/oQlARt36G0zTgox4YOHPOuczc46dSaLTtF2ticmp6ZnZuvrawuLS8Ul9du9RJpjh0eCITde0zDVLE0EGBEq5TBSzyJVz5t0dD/+oOlBZJfIGDFLyI3cQiFJyhkXr1Y/fUhANG3VAxngeuLK+93EUhA6Bu2hdFYfRRrDhwfUDW/I4N/e1evWG37BJ0nDgVaZAKZ736kxskPIsgRi6Z1l3HTtHLmULBJRQ1N9OQMn7LbqBraMwi0F5erlvQLaMENEyUOTHSUv05kbNI60Hkm2TEsK//ekPxP6+bYbjv5SJOM4SYjx4KM0kxocPuaCAUcJQDQxhXwvyV8j4zvaFpuGZKcP6uPE4ud1qO3XLOdxvtw6qOObJBNkmTOGSPtMkJOSMdwsk9eSSv5M16sJ6td+tjFJ2wqpl18gvW5xc8kand</latexit><latexit sha1_base64="d5eC3EBCy4ZVWRijSpc4G6J8y7I=">AAACLnicbVDLSsNAFJ34tr6qLt0MFqFuSiKCboSiCC5cKFgVmlAmkxs7OHkwcyOUkC9y46/oQlARt36G0zTgox4YOHPOuczc46dSaLTtF2ticmp6ZnZuvrawuLS8Ul9du9RJpjh0eCITde0zDVLE0EGBEq5TBSzyJVz5t0dD/+oOlBZJfIGDFLyI3cQiFJyhkXr1Y/fUhANG3VAxngeuLK+93EUhA6Bu2hdFYfRRrDhwfUDW/I4N/e1evWG37BJ0nDgVaZAKZ736kxskPIsgRi6Z1l3HTtHLmULBJRQ1N9OQMn7LbqBraMwi0F5erlvQLaMENEyUOTHSUv05kbNI60Hkm2TEsK//ekPxP6+bYbjv5SJOM4SYjx4KM0kxocPuaCAUcJQDQxhXwvyV8j4zvaFpuGZKcP6uPE4ud1qO3XLOdxvtw6qOObJBNkmTOGSPtMkJOSMdwsk9eSSv5M16sJ6td+tjFJ2wqpl18gvW5xc8kand</latexit><latexit sha1_base64="d5eC3EBCy4ZVWRijSpc4G6J8y7I=">AAACLnicbVDLSsNAFJ34tr6qLt0MFqFuSiKCboSiCC5cKFgVmlAmkxs7OHkwcyOUkC9y46/oQlARt36G0zTgox4YOHPOuczc46dSaLTtF2ticmp6ZnZuvrawuLS8Ul9du9RJpjh0eCITde0zDVLE0EGBEq5TBSzyJVz5t0dD/+oOlBZJfIGDFLyI3cQiFJyhkXr1Y/fUhANG3VAxngeuLK+93EUhA6Bu2hdFYfRRrDhwfUDW/I4N/e1evWG37BJ0nDgVaZAKZ736kxskPIsgRi6Z1l3HTtHLmULBJRQ1N9OQMn7LbqBraMwi0F5erlvQLaMENEyUOTHSUv05kbNI60Hkm2TEsK//ekPxP6+bYbjv5SJOM4SYjx4KM0kxocPuaCAUcJQDQxhXwvyV8j4zvaFpuGZKcP6uPE4ud1qO3XLOdxvtw6qOObJBNkmTOGSPtMkJOSMdwsk9eSSv5M16sJ6td+tjFJ2wqpl18gvW5xc8kand</latexit><latexit sha1_base64="d5eC3EBCy4ZVWRijSpc4G6J8y7I=">AAACLnicbVDLSsNAFJ34tr6qLt0MFqFuSiKCboSiCC5cKFgVmlAmkxs7OHkwcyOUkC9y46/oQlARt36G0zTgox4YOHPOuczc46dSaLTtF2ticmp6ZnZuvrawuLS8Ul9du9RJpjh0eCITde0zDVLE0EGBEq5TBSzyJVz5t0dD/+oOlBZJfIGDFLyI3cQiFJyhkXr1Y/fUhANG3VAxngeuLK+93EUhA6Bu2hdFYfRRrDhwfUDW/I4N/e1evWG37BJ0nDgVaZAKZ736kxskPIsgRi6Z1l3HTtHLmULBJRQ1N9OQMn7LbqBraMwi0F5erlvQLaMENEyUOTHSUv05kbNI60Hkm2TEsK//ekPxP6+bYbjv5SJOM4SYjx4KM0kxocPuaCAUcJQDQxhXwvyV8j4zvaFpuGZKcP6uPE4ud1qO3XLOdxvtw6qOObJBNkmTOGSPtMkJOSMdwsk9eSSv5M16sJ6td+tjFJ2wqpl18gvW5xc8kand</latexit>

⇤ = e�̃
<latexit sha1_base64="AD/jfPVcl7jMgt2ik46PgHMjdMQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokIuhGKLpx4aKCfUATy2Ry0w6dTMLMRCghG3/FjQtF3PoZ7vwbp4+Fth4YOJxzLnfuCVLOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkkkKTJjyRnYAo4ExAUzPNoZNKIHHAoR0Mr8d++xGkYom416MU/Jj0BYsYJdpIPfvAuzXhkFzCQ+5pxkPAXjpgRc+uOjVnArxI3BmpohkaPfvLCxOaxSA05USpruuk2s+J1IxyKCpepiAldEj60DVUkBiUn08OKPCxUUIcJdI8ofFE/T2Rk1ipURyYZEz0QM17Y/E/r5vp6MLPmUgzDYJOF0UZxzrB4zZwyCRQzUeGECqZ+SumAyIJ1aaziinBnT95kbROa65Tc+/OqvWrWR1ldIiO0Aly0TmqoxvUQE1EUYGe0St6s56sF+vd+phGS9ZsZh/9gfX5A3i1llE=</latexit><latexit sha1_base64="AD/jfPVcl7jMgt2ik46PgHMjdMQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokIuhGKLpx4aKCfUATy2Ry0w6dTMLMRCghG3/FjQtF3PoZ7vwbp4+Fth4YOJxzLnfuCVLOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkkkKTJjyRnYAo4ExAUzPNoZNKIHHAoR0Mr8d++xGkYom416MU/Jj0BYsYJdpIPfvAuzXhkFzCQ+5pxkPAXjpgRc+uOjVnArxI3BmpohkaPfvLCxOaxSA05USpruuk2s+J1IxyKCpepiAldEj60DVUkBiUn08OKPCxUUIcJdI8ofFE/T2Rk1ipURyYZEz0QM17Y/E/r5vp6MLPmUgzDYJOF0UZxzrB4zZwyCRQzUeGECqZ+SumAyIJ1aaziinBnT95kbROa65Tc+/OqvWrWR1ldIiO0Aly0TmqoxvUQE1EUYGe0St6s56sF+vd+phGS9ZsZh/9gfX5A3i1llE=</latexit><latexit sha1_base64="AD/jfPVcl7jMgt2ik46PgHMjdMQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokIuhGKLpx4aKCfUATy2Ry0w6dTMLMRCghG3/FjQtF3PoZ7vwbp4+Fth4YOJxzLnfuCVLOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkkkKTJjyRnYAo4ExAUzPNoZNKIHHAoR0Mr8d++xGkYom416MU/Jj0BYsYJdpIPfvAuzXhkFzCQ+5pxkPAXjpgRc+uOjVnArxI3BmpohkaPfvLCxOaxSA05USpruuk2s+J1IxyKCpepiAldEj60DVUkBiUn08OKPCxUUIcJdI8ofFE/T2Rk1ipURyYZEz0QM17Y/E/r5vp6MLPmUgzDYJOF0UZxzrB4zZwyCRQzUeGECqZ+SumAyIJ1aaziinBnT95kbROa65Tc+/OqvWrWR1ldIiO0Aly0TmqoxvUQE1EUYGe0St6s56sF+vd+phGS9ZsZh/9gfX5A3i1llE=</latexit><latexit sha1_base64="AD/jfPVcl7jMgt2ik46PgHMjdMQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokIuhGKLpx4aKCfUATy2Ry0w6dTMLMRCghG3/FjQtF3PoZ7vwbp4+Fth4YOJxzLnfuCVLOlHacb6u0tLyyulZer2xsbm3v2Lt7LZVkkkKTJjyRnYAo4ExAUzPNoZNKIHHAoR0Mr8d++xGkYom416MU/Jj0BYsYJdpIPfvAuzXhkFzCQ+5pxkPAXjpgRc+uOjVnArxI3BmpohkaPfvLCxOaxSA05USpruuk2s+J1IxyKCpepiAldEj60DVUkBiUn08OKPCxUUIcJdI8ofFE/T2Rk1ipURyYZEz0QM17Y/E/r5vp6MLPmUgzDYJOF0UZxzrB4zZwyCRQzUeGECqZ+SumAyIJ1aaziinBnT95kbROa65Tc+/OqvWrWR1ldIiO0Aly0TmqoxvUQE1EUYGe0St6s56sF+vd+phGS9ZsZh/9gfX5A3i1llE=</latexit>

Also lets do the calculation perturbatively in coupling 

We solve this with the boundary condition, 

e�̃ = ✏,��̃ = �0
<latexit sha1_base64="1EFbadhlvkEMnZweUtYnyWoj9gM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VwISURQUGEohuXFewDmhgmk9t26GQSZiZCCf0YN/6KGxc+cOHGb3H6ELT1wIXDOffO3HvClDOlHefTKiwsLi2vFFdLa+sbm1v29k5DJZmkUKcJT2QrJAo4E1DXTHNopRJIHHJohv2rkd+8B6lYIm71IAU/Jl3BOowSbaTAPoe73NOMR4C9tMeGFx6kivFEHGGPm2ciEsz4P6ozDOyyU3HGwPPEnZIymqIW2G9elNAsBqEpJ0q1XSfVfk6kZpTDsORlClJC+6QLbUMFiUH5+fjIIT4wSoQ7iTQlNB6rvydyEis1iEPTGRPdU7PeSPzPa2e6c+bnTKSZBkEnH3UyjnWCR4nhiEmgmg8MIVQysyumPSIJ1SbXkgnBnT15njSOK65TcW9OytXLaRxFtIf20SFy0SmqomtUQ3VE0QN6Qi/o1Xq0nq1362PSWrCmM7voD6yvb8jBpX4=</latexit><latexit sha1_base64="1EFbadhlvkEMnZweUtYnyWoj9gM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VwISURQUGEohuXFewDmhgmk9t26GQSZiZCCf0YN/6KGxc+cOHGb3H6ELT1wIXDOffO3HvClDOlHefTKiwsLi2vFFdLa+sbm1v29k5DJZmkUKcJT2QrJAo4E1DXTHNopRJIHHJohv2rkd+8B6lYIm71IAU/Jl3BOowSbaTAPoe73NOMR4C9tMeGFx6kivFEHGGPm2ciEsz4P6ozDOyyU3HGwPPEnZIymqIW2G9elNAsBqEpJ0q1XSfVfk6kZpTDsORlClJC+6QLbUMFiUH5+fjIIT4wSoQ7iTQlNB6rvydyEis1iEPTGRPdU7PeSPzPa2e6c+bnTKSZBkEnH3UyjnWCR4nhiEmgmg8MIVQysyumPSIJ1SbXkgnBnT15njSOK65TcW9OytXLaRxFtIf20SFy0SmqomtUQ3VE0QN6Qi/o1Xq0nq1362PSWrCmM7voD6yvb8jBpX4=</latexit><latexit sha1_base64="1EFbadhlvkEMnZweUtYnyWoj9gM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VwISURQUGEohuXFewDmhgmk9t26GQSZiZCCf0YN/6KGxc+cOHGb3H6ELT1wIXDOffO3HvClDOlHefTKiwsLi2vFFdLa+sbm1v29k5DJZmkUKcJT2QrJAo4E1DXTHNopRJIHHJohv2rkd+8B6lYIm71IAU/Jl3BOowSbaTAPoe73NOMR4C9tMeGFx6kivFEHGGPm2ciEsz4P6ozDOyyU3HGwPPEnZIymqIW2G9elNAsBqEpJ0q1XSfVfk6kZpTDsORlClJC+6QLbUMFiUH5+fjIIT4wSoQ7iTQlNB6rvydyEis1iEPTGRPdU7PeSPzPa2e6c+bnTKSZBkEnH3UyjnWCR4nhiEmgmg8MIVQysyumPSIJ1SbXkgnBnT15njSOK65TcW9OytXLaRxFtIf20SFy0SmqomtUQ3VE0QN6Qi/o1Xq0nq1362PSWrCmM7voD6yvb8jBpX4=</latexit><latexit sha1_base64="1EFbadhlvkEMnZweUtYnyWoj9gM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VwISURQUGEohuXFewDmhgmk9t26GQSZiZCCf0YN/6KGxc+cOHGb3H6ELT1wIXDOffO3HvClDOlHefTKiwsLi2vFFdLa+sbm1v29k5DJZmkUKcJT2QrJAo4E1DXTHNopRJIHHJohv2rkd+8B6lYIm71IAU/Jl3BOowSbaTAPoe73NOMR4C9tMeGFx6kivFEHGGPm2ciEsz4P6ozDOyyU3HGwPPEnZIymqIW2G9elNAsBqEpJ0q1XSfVfk6kZpTDsORlClJC+6QLbUMFiUH5+fjIIT4wSoQ7iTQlNB6rvydyEis1iEPTGRPdU7PeSPzPa2e6c+bnTKSZBkEnH3UyjnWCR4nhiEmgmg8MIVQysyumPSIJ1SbXkgnBnT15njSOK65TcW9OytXLaRxFtIf20SFy0SmqomtUQ3VE0QN6Qi/o1Xq0nq1362PSWrCmM7voD6yvb8jBpX4=</latexit>

This gives, 

⇤
d��̃

d⇤
= (�� 2)��̃ +O(�2

0)
<latexit sha1_base64="nUV8dsNKwGZq59OZKvdqv3+cB04="></latexit><latexit sha1_base64="nUV8dsNKwGZq59OZKvdqv3+cB04="></latexit><latexit sha1_base64="nUV8dsNKwGZq59OZKvdqv3+cB04="></latexit><latexit sha1_base64="nUV8dsNKwGZq59OZKvdqv3+cB04="></latexit>

��̃ = e��2�0 +O(�2
0)

<latexit sha1_base64="qy3zkAsz+KB3GfayW0/UInypmOw="></latexit><latexit sha1_base64="qy3zkAsz+KB3GfayW0/UInypmOw="></latexit><latexit sha1_base64="qy3zkAsz+KB3GfayW0/UInypmOw="></latexit><latexit sha1_base64="qy3zkAsz+KB3GfayW0/UInypmOw="></latexit>

Now given this transformation 

S⌘ab,�0 / S⌘ab,��̃
<latexit sha1_base64="LC1sd/LbptEWlBUYMWG+GIJvfqw=">AAACLXicbVBNSwMxFMz6WetX1aOXYBE8SNkVQY9FPXhUtLbQLUs2+9qGZndD8lYoy/4hL/4VETxUxKt/w7T2oLYDgcnMG5I3oZLCoOuOnIXFpeWV1dJaeX1jc2u7srP7YNJMc2jwVKa6FTIDUiTQQIESWkoDi0MJzXBwOfabj6CNSJN7HCroxKyXiK7gDK0UVK7ugtwHZEHOwuLYlzYZ2YtbFL7SqcKUzh/wUcgIqK/6oiiCStWtuRPQWeJNSZVMcRNUXv0o5VkMCXLJjGl7rsJOzjQKLqEo+5kBxfiA9aBtacJiMJ18sm1BD60S0W6q7UmQTtTfiZzFxgzj0E7GDPvmvzcW53ntDLvnnVwkKkNI+M9D3UxSW8K4OhoJDRzl0BLGtbB/pbzPNONoCy7bErz/K8+Sh5Oa59a829Nq/WJaR4nskwNyRDxyRurkmtyQBuHkibyQEXl3np0358P5/BldcKaZPfIHztc3VveqAg==</latexit><latexit sha1_base64="LC1sd/LbptEWlBUYMWG+GIJvfqw=">AAACLXicbVBNSwMxFMz6WetX1aOXYBE8SNkVQY9FPXhUtLbQLUs2+9qGZndD8lYoy/4hL/4VETxUxKt/w7T2oLYDgcnMG5I3oZLCoOuOnIXFpeWV1dJaeX1jc2u7srP7YNJMc2jwVKa6FTIDUiTQQIESWkoDi0MJzXBwOfabj6CNSJN7HCroxKyXiK7gDK0UVK7ugtwHZEHOwuLYlzYZ2YtbFL7SqcKUzh/wUcgIqK/6oiiCStWtuRPQWeJNSZVMcRNUXv0o5VkMCXLJjGl7rsJOzjQKLqEo+5kBxfiA9aBtacJiMJ18sm1BD60S0W6q7UmQTtTfiZzFxgzj0E7GDPvmvzcW53ntDLvnnVwkKkNI+M9D3UxSW8K4OhoJDRzl0BLGtbB/pbzPNONoCy7bErz/K8+Sh5Oa59a829Nq/WJaR4nskwNyRDxyRurkmtyQBuHkibyQEXl3np0358P5/BldcKaZPfIHztc3VveqAg==</latexit><latexit sha1_base64="LC1sd/LbptEWlBUYMWG+GIJvfqw=">AAACLXicbVBNSwMxFMz6WetX1aOXYBE8SNkVQY9FPXhUtLbQLUs2+9qGZndD8lYoy/4hL/4VETxUxKt/w7T2oLYDgcnMG5I3oZLCoOuOnIXFpeWV1dJaeX1jc2u7srP7YNJMc2jwVKa6FTIDUiTQQIESWkoDi0MJzXBwOfabj6CNSJN7HCroxKyXiK7gDK0UVK7ugtwHZEHOwuLYlzYZ2YtbFL7SqcKUzh/wUcgIqK/6oiiCStWtuRPQWeJNSZVMcRNUXv0o5VkMCXLJjGl7rsJOzjQKLqEo+5kBxfiA9aBtacJiMJ18sm1BD60S0W6q7UmQTtTfiZzFxgzj0E7GDPvmvzcW53ntDLvnnVwkKkNI+M9D3UxSW8K4OhoJDRzl0BLGtbB/pbzPNONoCy7bErz/K8+Sh5Oa59a829Nq/WJaR4nskwNyRDxyRurkmtyQBuHkibyQEXl3np0358P5/BldcKaZPfIHztc3VveqAg==</latexit><latexit sha1_base64="LC1sd/LbptEWlBUYMWG+GIJvfqw=">AAACLXicbVBNSwMxFMz6WetX1aOXYBE8SNkVQY9FPXhUtLbQLUs2+9qGZndD8lYoy/4hL/4VETxUxKt/w7T2oLYDgcnMG5I3oZLCoOuOnIXFpeWV1dJaeX1jc2u7srP7YNJMc2jwVKa6FTIDUiTQQIESWkoDi0MJzXBwOfabj6CNSJN7HCroxKyXiK7gDK0UVK7ugtwHZEHOwuLYlzYZ2YtbFL7SqcKUzh/wUcgIqK/6oiiCStWtuRPQWeJNSZVMcRNUXv0o5VkMCXLJjGl7rsJOzjQKLqEo+5kBxfiA9aBtacJiMJ18sm1BD60S0W6q7UmQTtTfiZzFxgzj0E7GDPvmvzcW53ntDLvnnVwkKkNI+M9D3UxSW8K4OhoJDRzl0BLGtbB/pbzPNONoCy7bErz/K8+Sh5Oa59a829Nq/WJaR4nskwNyRDxyRurkmtyQBuHkibyQEXl3np0358P5/BldcKaZPfIHztc3VveqAg==</latexit>



Hence, 
 ⌘

ab

,�0 [�(x)] = N (�̃(x),�0) ⌘
ab

e2�̃(x,z) [�(x)]
<latexit sha1_base64="mjjozNDxppy1Ji9SD134+CCJSl8="></latexit><latexit sha1_base64="mjjozNDxppy1Ji9SD134+CCJSl8="></latexit><latexit sha1_base64="mjjozNDxppy1Ji9SD134+CCJSl8="></latexit><latexit sha1_base64="mjjozNDxppy1Ji9SD134+CCJSl8="></latexit>

Now this proportionality factor can be evaluated systematically 
 and takes the following form, 

We can compute this correlators using conformal perturbation  
on the upper half  plane 

< O(x, z) >= e

���̃(x,z) 1

(z2 + e

��̃(z,x))�/2
<latexit sha1_base64="vgA8u6LGwP3g2J+/y7JSMnsGWMY="></latexit><latexit sha1_base64="vgA8u6LGwP3g2J+/y7JSMnsGWMY="></latexit><latexit sha1_base64="vgA8u6LGwP3g2J+/y7JSMnsGWMY="></latexit><latexit sha1_base64="vgA8u6LGwP3g2J+/y7JSMnsGWMY="></latexit>

< O(x1, z1)O(x2, z2) >=
e

��(̃x1,z1)���̃(x2,z2)

(|x12|2 + |z12|2 + e

��̃(x1,z1)��̃(x2,z2))�
<latexit sha1_base64="/MLRQEwGgXpGAFlYhczhRqRsRvg="></latexit><latexit sha1_base64="/MLRQEwGgXpGAFlYhczhRqRsRvg="></latexit><latexit sha1_base64="/MLRQEwGgXpGAFlYhczhRqRsRvg="></latexit><latexit sha1_base64="/MLRQEwGgXpGAFlYhczhRqRsRvg="></latexit>

N (�̃(x, z),�0) = e

SL+�0

R
dxdz<O(x,z)>+�

2
0

R
dx1dz1dx2dz2<O(x1,z1)O(x2,z2)>+O(�3

0)+···
<latexit sha1_base64="r+Yeuh/dY1ZekYqOt6OEQ5PGw4Y="></latexit><latexit sha1_base64="r+Yeuh/dY1ZekYqOt6OEQ5PGw4Y="></latexit><latexit sha1_base64="r+Yeuh/dY1ZekYqOt6OEQ5PGw4Y="></latexit><latexit sha1_base64="r+Yeuh/dY1ZekYqOt6OEQ5PGw4Y="></latexit>

Keeping only the leading order terms (               ) ✏ ! 0
<latexit sha1_base64="qydfGAf10d5UyJYNloWzkq/HU30=">AAAB/3icbVBNS8NAEJ3Urxq/ooIXL4tF8FQSEfRY9OKxgm2FJpTNdtMu3eyG3Y1Sag/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wMy/OONPG97+d0tLyyupaed3d2Nza3vF295pa5orQBpFcqrsYa8qZoA3DDKd3maI4jTltxYOrid+6p0ozKW7NMKNRinuCJYxgY6WOd+CGNNOMSxEq1usbrJR8QH7Hq/hVfwq0SIKCVKBAveN9hV1J8pQKQzjWuh34mYlGWBlGOB27Ya5phskA92jbUoFTqqPR9P4xOrZKFyVS2RIGTdXfEyOcaj1MY9uZYtPX895E/M9r5ya5iEZMZLmhgswWJTlHRqJJGKjLFCWGDy3BRDF7KyJ9rDAxNjLXhhDMv7xImqfVwK8GN2eV2mURRxkO4QhOIIBzqME11KEBBB7hGV7hzXlyXpx352PWWnKKmX34A+fzB6qRldw=</latexit><latexit sha1_base64="qydfGAf10d5UyJYNloWzkq/HU30=">AAAB/3icbVBNS8NAEJ3Urxq/ooIXL4tF8FQSEfRY9OKxgm2FJpTNdtMu3eyG3Y1Sag/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wMy/OONPG97+d0tLyyupaed3d2Nza3vF295pa5orQBpFcqrsYa8qZoA3DDKd3maI4jTltxYOrid+6p0ozKW7NMKNRinuCJYxgY6WOd+CGNNOMSxEq1usbrJR8QH7Hq/hVfwq0SIKCVKBAveN9hV1J8pQKQzjWuh34mYlGWBlGOB27Ya5phskA92jbUoFTqqPR9P4xOrZKFyVS2RIGTdXfEyOcaj1MY9uZYtPX895E/M9r5ya5iEZMZLmhgswWJTlHRqJJGKjLFCWGDy3BRDF7KyJ9rDAxNjLXhhDMv7xImqfVwK8GN2eV2mURRxkO4QhOIIBzqME11KEBBB7hGV7hzXlyXpx352PWWnKKmX34A+fzB6qRldw=</latexit><latexit sha1_base64="qydfGAf10d5UyJYNloWzkq/HU30=">AAAB/3icbVBNS8NAEJ3Urxq/ooIXL4tF8FQSEfRY9OKxgm2FJpTNdtMu3eyG3Y1Sag/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wMy/OONPG97+d0tLyyupaed3d2Nza3vF295pa5orQBpFcqrsYa8qZoA3DDKd3maI4jTltxYOrid+6p0ozKW7NMKNRinuCJYxgY6WOd+CGNNOMSxEq1usbrJR8QH7Hq/hVfwq0SIKCVKBAveN9hV1J8pQKQzjWuh34mYlGWBlGOB27Ya5phskA92jbUoFTqqPR9P4xOrZKFyVS2RIGTdXfEyOcaj1MY9uZYtPX895E/M9r5ya5iEZMZLmhgswWJTlHRqJJGKjLFCWGDy3BRDF7KyJ9rDAxNjLXhhDMv7xImqfVwK8GN2eV2mURRxkO4QhOIIBzqME11KEBBB7hGV7hzXlyXpx352PWWnKKmX34A+fzB6qRldw=</latexit><latexit sha1_base64="qydfGAf10d5UyJYNloWzkq/HU30=">AAAB/3icbVBNS8NAEJ3Urxq/ooIXL4tF8FQSEfRY9OKxgm2FJpTNdtMu3eyG3Y1Sag/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wMy/OONPG97+d0tLyyupaed3d2Nza3vF295pa5orQBpFcqrsYa8qZoA3DDKd3maI4jTltxYOrid+6p0ozKW7NMKNRinuCJYxgY6WOd+CGNNOMSxEq1usbrJR8QH7Hq/hVfwq0SIKCVKBAveN9hV1J8pQKQzjWuh34mYlGWBlGOB27Ya5phskA92jbUoFTqqPR9P4xOrZKFyVS2RIGTdXfEyOcaj1MY9uZYtPX895E/M9r5ya5iEZMZLmhgswWJTlHRqJJGKjLFCWGDy3BRDF7KyJ9rDAxNjLXhhDMv7xImqfVwK8GN2eV2mURRxkO4QhOIIBzqME11KEBBB7hGV7hzXlyXpx352PWWnKKmX34A+fzB6qRldw=</latexit>
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Z
dxdz
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N

n

(�0)
n+2

e

(2+(�+2)(n+2)�̃(x,z)

<latexit sha1_base64="N3UgDaJYRnk5KrqESi7602hiO+I="></latexit><latexit sha1_base64="N3UgDaJYRnk5KrqESi7602hiO+I="></latexit><latexit sha1_base64="N3UgDaJYRnk5KrqESi7602hiO+I="></latexit><latexit sha1_base64="N3UgDaJYRnk5KrqESi7602hiO+I="></latexit>



Next we try to minimize this: 

ln(N (�̃(x, z),��̃) =
c

24⇡

Z
dxdz[(@�̃)2 + e

2�̃ + �

2
0e

(2��2)�̃] + · · ·
<latexit sha1_base64="HaeXHaX76MSOk15Pynx84oA66ik="></latexit><latexit sha1_base64="HaeXHaX76MSOk15Pynx84oA66ik="></latexit><latexit sha1_base64="HaeXHaX76MSOk15Pynx84oA66ik="></latexit><latexit sha1_base64="HaeXHaX76MSOk15Pynx84oA66ik="></latexit>

We find and solve the eom and we get the following  
(neglecting some derivatives of  coupling ), 

e�̃ =
1

2

⇣
1� �2

0

2(5� 2�)
z�2�+4 + · · ·

⌘

<latexit sha1_base64="XnleERLJjOTwcIR2LEzER3epQ4E="></latexit><latexit sha1_base64="XnleERLJjOTwcIR2LEzER3epQ4E="></latexit><latexit sha1_base64="XnleERLJjOTwcIR2LEzER3epQ4E="></latexit><latexit sha1_base64="XnleERLJjOTwcIR2LEzER3epQ4E="></latexit>

Now what about the geometry ? Time slices of  AdS geometry ? 

Let us compare this with AdS/CFT calculations 

(AB, PC, SD, NK, MM, TT ’18)



Comparison with AdS/CFT

Basic Holographic setup: 
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with, � = 1 +
p

1 +m

2
,�(z, x) = z

d��
�0(x) + z

�
< O(x) >
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To the leading order we identify the scalar as the coupling, 

�(z, x) ⇡ �0e
(��2)�̃ +O(�2

0)
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We then look for the perturbative solutions for back reacted metric: 
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2 =
1

z

2
(dz2 + f(z)(�dt

2 + dx
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<latexit sha1_base64="gisdp9mzB/YP3lSsfmbyj61WcL0=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARWsUyMwi6EYpuXFawF2inJZPJtKGZC0lGbId5Bze+ihsXirh14863MW1noa0HEj7+/xyS8zsRo0IaxreWW1peWV3Lrxc2Nre2d/TdvYYIY45JHYcs5C0HCcJoQOqSSkZaESfIdxhpOsPrid+8J1zQMLiTo4jYPuoH1KMYSSX19GNXdK3LjscRTsw0GXettOSq+wR6pXG5dOpKxe5D1yqXe3rRqBjTgotgZlAEWdV6+lfHDXHsk0BihoRom0Yk7QRxSTEjaaETCxIhPER90lYYIJ8IO5nulMIjpbjQC7k6gYRT9fdEgnwhRr6jOn0kB2Lem4j/ee1Yehd2QoMoliTAs4e8mEEZwklA0KWcYMlGChDmVP0V4gFS+UgVY0GFYM6vvAgNq2IaFfP2rFi9yuLIgwNwCErABOegCm5ADdQBBo/gGbyCN+1Je9HetY9Za07LZvbBn9I+fwA5ipvO</latexit><latexit sha1_base64="gisdp9mzB/YP3lSsfmbyj61WcL0=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARWsUyMwi6EYpuXFawF2inJZPJtKGZC0lGbId5Bze+ihsXirh14863MW1noa0HEj7+/xyS8zsRo0IaxreWW1peWV3Lrxc2Nre2d/TdvYYIY45JHYcs5C0HCcJoQOqSSkZaESfIdxhpOsPrid+8J1zQMLiTo4jYPuoH1KMYSSX19GNXdK3LjscRTsw0GXettOSq+wR6pXG5dOpKxe5D1yqXe3rRqBjTgotgZlAEWdV6+lfHDXHsk0BihoRom0Yk7QRxSTEjaaETCxIhPER90lYYIJ8IO5nulMIjpbjQC7k6gYRT9fdEgnwhRr6jOn0kB2Lem4j/ee1Yehd2QoMoliTAs4e8mEEZwklA0KWcYMlGChDmVP0V4gFS+UgVY0GFYM6vvAgNq2IaFfP2rFi9yuLIgwNwCErABOegCm5ADdQBBo/gGbyCN+1Je9HetY9Za07LZvbBn9I+fwA5ipvO</latexit><latexit sha1_base64="gisdp9mzB/YP3lSsfmbyj61WcL0=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARWsUyMwi6EYpuXFawF2inJZPJtKGZC0lGbId5Bze+ihsXirh14863MW1noa0HEj7+/xyS8zsRo0IaxreWW1peWV3Lrxc2Nre2d/TdvYYIY45JHYcs5C0HCcJoQOqSSkZaESfIdxhpOsPrid+8J1zQMLiTo4jYPuoH1KMYSSX19GNXdK3LjscRTsw0GXettOSq+wR6pXG5dOpKxe5D1yqXe3rRqBjTgotgZlAEWdV6+lfHDXHsk0BihoRom0Yk7QRxSTEjaaETCxIhPER90lYYIJ8IO5nulMIjpbjQC7k6gYRT9fdEgnwhRr6jOn0kB2Lem4j/ee1Yehd2QoMoliTAs4e8mEEZwklA0KWcYMlGChDmVP0V4gFS+UgVY0GFYM6vvAgNq2IaFfP2rFi9yuLIgwNwCErABOegCm5ADdQBBo/gGbyCN+1Je9HetY9Za07LZvbBn9I+fwA5ipvO</latexit><latexit sha1_base64="gisdp9mzB/YP3lSsfmbyj61WcL0=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARWsUyMwi6EYpuXFawF2inJZPJtKGZC0lGbId5Bze+ihsXirh14863MW1noa0HEj7+/xyS8zsRo0IaxreWW1peWV3Lrxc2Nre2d/TdvYYIY45JHYcs5C0HCcJoQOqSSkZaESfIdxhpOsPrid+8J1zQMLiTo4jYPuoH1KMYSSX19GNXdK3LjscRTsw0GXettOSq+wR6pXG5dOpKxe5D1yqXe3rRqBjTgotgZlAEWdV6+lfHDXHsk0BihoRom0Yk7QRxSTEjaaETCxIhPER90lYYIJ8IO5nulMIjpbjQC7k6gYRT9fdEgnwhRr6jOn0kB2Lem4j/ee1Yehd2QoMoliTAs4e8mEEZwklA0KWcYMlGChDmVP0V4gFS+UgVY0GFYM6vvAgNq2IaFfP2rFi9yuLIgwNwCErABOegCm5ADdQBBo/gGbyCN+1Je9HetY9Za07LZvbBn9I+fwA5ipvO</latexit>
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(Hung Myers Smolkin ’11)



We consider the time slice: 

ds

2 = e

2�̃(dz2 + dx

2)
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matches with our result (upto some normalization factor) 

Example III: Massive scalar field theory
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[�(x)] = N (�̃(x),m0) ⌘
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e�̃(x) [�(x)]
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again we need

for this we need : m�̃ = m0e
�2�̃
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Given this we get,        (                         )
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We can evaluate this using the Heat-Kernel technique

We can do that and find eom from minimizing this and get, 

e2�̃ =

1

z2

⇣
1� m2

0

12⇡
z2 log(z/✏) +O(m4

0)

⌘
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This again matches withe AdS/CFT calculations!!

(AB, PC, SD, NK, MM, TT ’18)



Brief  Summary 



Few words about “Complexity”
(For more details please listen to next talk by Javier Molina-Vilaplana

computational complexity : How difficult is to  implement a task ? eg 
 how difficult is to prepare a particular state ?  

Quantum circuit model:  | >= U | 0 >
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Holography: A tale of  two dualities:  

“complexity” dual to these two objects  ?

“minimize the number of  operations”:  



In light of  this we can possibly reinterpret our result 

 ⌘
ab

e2�̃(x,z),�
�̃

[�(x)] = N (�̃,�0) ⌘
ab

,�0 [�(x)]
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“Target wave 
    functional"

“ Reference wave 
       functional"

“counts the number of  process 
     which takes from reference to  
                   target space "

Minimizing this we are minimizing the complexity and thereby making 
our circuit “optimal”

For CFT’s perturbed by the relevant operators  O(�0)
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correction

C[�0]� C[0] = L(�0)
1

2�� � L�0✏
1��
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Outlook
–  Computations of  correlation functions, Entanglement  entropy etc? 

-  Higher dimensions? 

- Find a covariant approach ? How to include time in it ? 

-  Where is the large “N”, sparse spectrum input ? 

-  Deformation by Stress tensor ?   

Many more !!! 


