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Introduction - Part.1

• Renormalization Group (RG) transformation
- Coarse graining method

- Result in an RG flow : 
<latexit sha1_base64="IBh6OadQBTDgWcqmv8ZB/BMwf6M=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0VwVRLxhauiG5dV+oImhMl02g6dPJi5UUrId7jxV9y4UMSduPFvnKZZaPXAhTPn3Mvce/xYcAWW9WWUFhaXllfKq5W19Y3NLXN7p62iRFLWopGIZNcnigkeshZwEKwbS0YCX7COP76a+p07JhWPwiZMYuYGZBjyAacEtOSZdupQItLbLPMAX+D80cywI/lwBETK6H6mOcBFn2kr88yqVbNy4L/ELkgVFWh45ofTj2gSsBCoIEr1bCsGNyUSOBUsqziJYjGhYzJkPU1DEjDlpvlpGT7QSh8PIqkrBJyrPydSEig1CXzdGRAYqXlvKv7n9RIYnLspD+MEWEhnHw0SgSHC05xwn0tGQUw0IVRyvSumIyIJBZ1mRYdgz5/8l7SPavZp7eTmuFq/LOIooz20jw6Rjc5QHV2jBmohih7QE3pBr8aj8Wy8Ge+z1pJRzOyiXzA+vwFSx6G1</latexit>

Rt : T ! T̃

- RG equation : 
<latexit sha1_base64="Ypiso/eZQ9PNGfcmTyKEZ448Dfk="></latexit>
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- When acting the RG equation to a accessible quantity           , we have the following 
three conjectures      

<latexit sha1_base64="VRdGm97CuLSPkLU8Aon7wStIxbA=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURX8tiNy4r9AVNCJPppB06eTBzI5RQ8FfcuFDErd/hzr9xmmahrQcu93DOvcyd4yeCK7Csb2NldW19Y7O0Vd7e2d3bNw8OOypOJWVtGotY9nyimOARawMHwXqJZCT0Bev648bM7z4yqXgctWCSMDckw4gHnBLQkmceO5SIrDGt5r3lOUTB9NwzK1bNyoGXiV2QCirQ9MwvZxDTNGQRUEGU6ttWAm5GJHAq2LTspIolhI7JkPU1jUjIlJvl50/xmVYGOIilrghwrv7eyEio1CT09WRIYKQWvZn4n9dPIbh1Mx4lKbCIzh8KUoEhxrMs8IBLRkFMNCFUcn0rpiMiCQWdWFmHYC9+eZl0Lmr2de3q4bJSvyviKKETdIqqyEY3qI7uURO1EUUZekav6M14Ml6Md+NjPrpiFDtH6A+Mzx/sFpV6</latexit>

C(T⇤)

The weak 
conjecture

The strong 
conjecture

The strongest 
conjecture

<latexit sha1_base64="F/FeXB/4kpZqPjk6XriGF0Vz3uo=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPEmbE7RjMRW9RzAKZEHo6laRJz2J3jRiG+Qkv/ooXD4p4Fbz5N3aWgyY+KHi8V0VVPS+SQqNtf1tz8wuLS8uZlezq2vrGZm5ru6rDWHGo8FCGqu4xDVIEUEGBEuqRAuZ7EmpevzT0a/egtAiDWxxE0PRZNxAdwRkaqZU7dDmTSSltJS7CAyaVappStwt3dMq4uknTVi5vF+wR6CxxJiRPJii3cl9uO+SxDwFyybRuOHaEzYQpFFxCmnVjDRHjfdaFhqEB80E3k9FXKd03Spt2QmUqQDpSf08kzNd64Hum02fY09PeUPzPa8TYOW8mIohihICPF3ViSTGkw4hoWyjgKAeGMK6EuZXyHlOMowkya0Jwpl+eJdWjgnNaOLk+zhcvJnFkyC7ZIwfEIWekSC5JmVQIJ4/kmbySN+vJerHerY9x65w1mdkhf2B9/gD6ip/6</latexit>

CUV � CIR

<latexit sha1_base64="k6603hHlQIP8RwGnZVXZB5ZWtRY=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUnE17LYjcsK9gFNKJPJpB06eThzI5QQcOOvuHGhiFt/wp1/47TNQlsPXDiccy/33uMlgiuwrG+jtLS8srpWXq9sbG5t75i7e20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vFFj4ncemFQ8ju5gnDA3JIOIB5wS0FLfPHACSWjmO5SIrJHnmQ85dgS7x1bfrFo1awq8SOyCVFGBZt/8cvyYpiGLgAqiVM+2EnAzIoFTwfKKkyqWEDoiA9bTNCIhU242/SHHx1rxcRBLXRHgqfp7IiOhUuPQ050hgaGa9ybif14vheDKzXiUpMAiOlsUpAJDjCeBYJ9LRkGMNSFUcn0rpkOiQwEdW0WHYM+/vEjapzX7onZ+e1atXxdxlNEhOkInyEaXqI5uUBO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/qnJey</latexit>

dC
dt

 0

<latexit sha1_base64="S6cGgNfGUpoRavqHYIczXRAWhNs="></latexit>

�i(�) = Gij(�)
@C
@�ij

• 2D : c-theorem 
• 3D : F-theorem 
• 4D : a-theorem 



Introduction - Part.1

• Entanglement entropy (EE) and holography

Von-Neumann entropy RT entropy
<latexit sha1_base64="zvy6U2QpMiWKG5w6pimAO4xc8uY="></latexit>

SBH =
A(⌃min)

4GN

<latexit sha1_base64="0nqT9fjH3J8z662l3+dPEU0R5gM="></latexit>

S = �TrA⇢A log ⇢A

<latexit sha1_base64="t2rJ217JtR8LUKH9NA/c/SQrsFM="></latexit>

A
<latexit sha1_base64="NIrrauK4OS/bUThDBB6UAddHlAU="></latexit>

B

<latexit sha1_base64="Cx9vC4K1Cb76V4w2EStedAdLQek="></latexit>z
<latexit sha1_base64="mpA/cYkvh7WQ2bgGUGALWrkTnbw="></latexit>

⌃min

- Depending on the dimension EE has different UV structures 
<latexit sha1_base64="g4gW6DBISnP7DxwY7Cyol8gNyfA="></latexit>

SA =

⇢
ad�2(

lA
✏ )

d�2 + ad�4(
lA
✏ )

d�4 + · · ·+ a1
lA
✏ + (�1)(d�1)/2SA +O(✏) d : odd

ad�2(
lA
✏ )

d�2 + ad�4(
lA
✏ )

d�4 + · · ·+ (�1)(d�2)/2SA log lA
✏ +O(✏0) d : even

- The coefficient in front of the universal terms is related to the conformal anomalies
<latexit sha1_base64="s53o22vSkcaBD0Ur1ZmcSrfdBrE="></latexit>
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In 4D,                     for              and               for

<latexit sha1_base64="+XEh06+I3BSGwr9QbJqoWdqZpUs=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRITFWCeI0tLIxF0IeURJHjOq1Vx45sB6mKysKvsDCAECt/wcbf4LYZoOVIlo7OuVfX50Qpo0o7zre1sLi0vLJaWiuvb2xubds7uy0lMolJEwsmZCdCijDKSVNTzUgnlQQlESPtaHA99tsPRCoq+L0epiRIUI/TmGKkjRTa+34U53dhfQT9VIpUC1j3fNynQWhXnKozAZwnbkEqoEAjtL/8rsBZQrjGDCnluU6qgxxJTTEjo7KfKZIiPEA94hnKUUJUkE8SjOCRUbowFtI8ruFE/b2Ro0SpYRKZyQTpvpr1xuJ/npfp+DLIKU8zTTieHoozBk3QcR2wSyXBmg0NQVhS81eI+0girE1pZVOCOxt5nrROqu559ez2tFK7KuoogQNwCI6BCy5ADdyABmgCDB7BM3gFb9aT9WK9Wx/T0QWr2NkDf2B9/gDNfJZ9</latexit>

SA / A[�]

In 3D, 
<latexit sha1_base64="eWYq8ZYU56DfgqRKLQbWsPLDHfQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQFcRjRPOA7BJmJ7PJkJnZZWZWCEt+w4sHRbz6M978GyfJHjRa0FBUddPdFSacaeO6X05hYXFpeaW4Wlpb39jcKm/vNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKh9cTv/VIlWaxfDCjhAYC9yWLGMHGSr4fRtl993KMLtBNt1xxq+4U6C/xclKBHPVu+dPvxSQVVBrCsdYdz01MkGFlGOF0XPJTTRNMhrhPO5ZKLKgOsunNY3RglR6KYmVLGjRVf05kWGg9EqHtFNgM9Lw3Ef/zOqmJzoOMySQ1VJLZoijlyMRoEgDqMUWJ4SNLMFHM3orIACtMjI2pZEPw5l/+S5pHVe+0enJ3XKld5XEUYQ/24RA8OIMa3EIdGkAggSd4gVcndZ6dN+d91lpw8pld+AXn4xusbJDO</latexit>

SA = F

<latexit sha1_base64="gUUOnl6PPMsbbCbzd7F+ydUFnDs=">AAAB+3icbVDLTsMwEHTKq5RXKEcuFhUSpypBvI6lXDgWQR9SE0WO67RWHceyHUQV5Ve4cAAhrvwIN/4Gt80BWkZaaTSzq92dUDCqtON8W6WV1bX1jfJmZWt7Z3fP3q92VJJKTNo4YYnshUgRRjlpa6oZ6QlJUBwy0g3HN1O/+0ikogl/0BNB/BgNOY0oRtpIgV31wii7D65z6AmZCJ3AZmDXnLozA1wmbkFqoEArsL+8QYLTmHCNGVKq7zpC+xmSmmJG8oqXKiIQHqMh6RvKUUyUn81uz+GxUQYwSqQpruFM/T2RoVipSRyazhjpkVr0puJ/Xj/V0ZWfUS5STTieL4pSBs2L0yDggEqCNZsYgrCk5laIR0girE1cFROCu/jyMumc1t2L+vndWa3RLOIog0NwBE6ACy5BA9yCFmgDDJ7AM3gFb1ZuvVjv1se8tWQVMwfgD6zPH02vk/o=</latexit>

SA / B
<latexit sha1_base64="zJZPe3zn+tT3FkTWrSRvZJkrQbI=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2Wm+NoIRTcuK7UP6Iwlk2ba0CQzJBmhDAV/xY0LRdz6He78GzPtLLT1QOBwzr3ckxPEjCrtON9WYWl5ZXWtuF7a2Nza3rF391oqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB6ObzG8/EqloJO71OCY+RwNBQ4qRNlLPPvAadMARvIIeR3oYBGlj8lDt2WWn4kwBF4mbkzLIUe/ZX14/wgknQmOGlOq6Tqz9FElNMSOTkpcoEiM8QgPSNVQgTpSfTuNP4LFR+jCMpHlCw6n6eyNFXKkxD8xkllHNe5n4n9dNdHjpp1TEiSYCzw6FCYM6glkXsE8lwZqNDUFYUpMV4iGSCGvTWMmU4M5/eZG0qhX3vHJ2d1quXed1FMEhOAInwAUXoAZuQR00AQYpeAav4M16sl6sd+tjNlqw8p198AfW5w8dZZT2</latexit>

⌃ = S2
<latexit sha1_base64="edEeKoAro+xxdQRvG7s7UHD+w8M=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRLxtRGKblxWax/QxDKZTtqhM0mYmQgl5BPc+CtuXCji1qU7/8ZJG0RbD1w4nHMv997jRYxKZVlfRmFufmFxqbhcWlldW98wN7eaMowFJg0cslC0PSQJowFpKKoYaUeCIO4x0vKGl5nfuidC0jC4VaOIuBz1A+pTjJSWuua+U6d9juA5dDhSA89L6umdDR1FOZE/2k3aNctWxRoDzhI7J2WQo9Y1P51eiGNOAoUZkrJjW5FyEyQUxYykJSeWJEJ4iPqko2mA9D43GT+Uwj2t9KAfCl2BgmP190SCuJQj7unO7EI57WXif14nVv6Zm9AgihUJ8GSRHzOoQpilA3tUEKzYSBOEBdW3QjxAAmGlMyzpEOzpl2dJ87Bin1SOr4/K1Ys8jiLYAbvgANjgFFTBFaiBBsDgATyBF/BqPBrPxpvxPmktGPnMNvgD4+MbzcGcew==</latexit>

⌃ = S1 ⇥ R



Introduction - Part.2

• N=2 gauged supergravity 
• Holographic RG flow by relevant deformation
• Thin and Thick wall approximations

<latexit sha1_base64="WtdN/fEdyUmfjt65JITSx2ZJXH8=">AAACDXicbVDJSgNBEO2JW4xb1KOXwShEhDAzuF2EqBePEcwCyUzo6akknfQsdPeIw5Af8OKvePGgiFfv3vwbO8tBow8KHu9VUVXPjRgV0jC+tMzc/MLiUnY5t7K6tr6R39yqiTDmBKokZCFvuFgAowFUJZUMGhEH7LsM6u7gauTX74ALGga3MonA9nE3oB1KsFRSO7/nCcc6Bye1LorJwbAFErdT2h969w5V1T/0Esdq5wtGyRhD/0vMKSmgKSrt/GfLC0nsQyAJw0I0TSOSdoq5pITBMNeKBUSYDHAXmooG2Adhp+Nvhvq+Ujy9E3JVgdTH6s+JFPtCJL6rOn0se2LWG4n/ec1Yds7slAZRLCEgk0WdmOky1EfR6B7lQCRLFMGEU3WrTnqYYyJVgDkVgjn78l9Ss0rmSen45qhQvpzGkUU7aBcVkYlOURldowqqIoIe0BN6Qa/ao/asvWnvk9aMNp3ZRr+gfXwDrwGbWA==</latexit>

ds2 = e2A(y)⌘ijdx
idxj + dy2

• The scale function A defined the holographic
c-function

[Chanyong Park & J.H.L @JHEP11(2018)165]



Introduction - Part.2

• 3D Einstein-dilaton gravity

• Exotic RG flows in the field space plane

• Introducing a new controllable paramter in
the potential

<latexit sha1_base64="N3I5eeSwRS/yBGgPleeoS0vdKtg=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawiBWkJOJtWXTjsoK9QBPKZDpth04mYWYilFA3voobF4q49S3c+TZO2yy09YeBj/+cw5nzBzFnSjvOt5VbWFxaXsmvFtbWNza37O2duooSSWiNRDySzQArypmgNc00p81YUhwGnDaCwc243nigUrFI3OthTP0Q9wTrMoK1sdr2npei+lHJi/vs+AQ1MkLeqG0XnbIzEZoHN4MiZKq27S+vE5EkpEITjpVquU6s/RRLzQino4KXKBpjMsA92jIocEiVn04uGKFD43RQN5LmCY0m7u+JFIdKDcPAdIZY99VsbWz+V2slunvlp0zEiaaCTBd1E450hMZxoA6TlGg+NICJZOaviPSxxESb0AomBHf25Hmon5bdi/L53Vmxcp3FkYd9OIASuHAJFbiFKtSAwCM8wyu8WU/Wi/VufUxbc1Y2swt/ZH3+AAjOlLg=</latexit>

{V 0(�),W 0(�)}

[Chanyong Park & J.H.L @PRD.101.086008]

Phase curve in the bouncing RG flow



Introduction - Part.2

• In the most recent work, we have studied the IR structure of the entanglement eintropy

[Chanyong Park & J.H.L @arXiv:2406.17221]

    in the Einstein-scalar theory.

• Using the holographic dictionary we constructed a holographic correlation function and

    reinterpreted the RG equation in terms of the bulk quantities,                                .

<latexit sha1_base64="clyYNtAj0LHzbNeOqOWPQ+ZIY+U="></latexit>

hO(t, x1) O(t, x2)i ⇠ e
��L(t,x1;t,x2)/RUV

<latexit sha1_base64="374svHU6AWDLZn2hu+xxLNA6vWs=">AAACDHicbVDLSsNAFJ34rPVVdelmsAguSknE16ZQdKHLKvYBTSiTybQdOnkwcyPWkA9w46+4caGIWz/AnX/jtM1CWw8MHM45lzv3uJHgCkzz25ibX1hcWs6t5FfX1jc2C1vbDRXGkrI6DUUoWy5RTPCA1YGDYK1IMuK7gjXdwcXIb94xqXgY3MIwYo5PegHvckpAS51C0RY67JGKHfV5yS5BJ7GB3UNyc5mmFVuEPfygU2bZHAPPEisjRZSh1il82V5IY58FQAVRqm2ZETgJkcCpYGnejhWLCB2QHmtrGhCfKScZH5Pifa14uBtK/QLAY/X3REJ8pYa+q5M+gb6a9kbif147hu6Zk/AgioEFdLKoGwsMIR41gz0uGQUx1IRQyfVfMe0TSSjo/vK6BGv65FnSOCxbJ+Xj66Ni9TyrI4d20R46QBY6RVV0hWqojih6RM/oFb0ZT8aL8W58TKJzRjazg/7A+PwBim6bUA==</latexit>

� = �, tRG = log z

• We also investigated the behaviour of the effective dimension along the RG flow.

For more details, Please watching the next talk of prof. Chanyong Park !

• The main motivation is to understand the critical behaviour of the two-dimensional 
transverse Ising model.



Ongoing work
• The main motivation is to understand the critical behaviours observed in condensed

Matter physics based on the viewpoint of the entanglement RG.



Ongoing work
• The main motivation is to understand the critical behaviours observed in condensed

Matter physics based on the viewpoint of the entanglement RG.
• As a first step, we consider the 5D magnetic brane geometry and its dual QFT.

<latexit sha1_base64="0p2T8tWmEuv/T/DwAsDoWWJ+o1k="></latexit>

S = � 1

16⇡G5

Z
d5x

p
�g

✓
R+ FMNFMN + 2⇤

◆
+ Sbdy + SCS

• To make AdS5 + a constant uniform magnetic field along the direction    + the finite temperature<latexit sha1_base64="tmEvmksfb9cWDAa5xB1ckWUhUbQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVx71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH6v2NBw==</latexit>y

<latexit sha1_base64="4hZDieenp0R0GUyGL8pDV5331H4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqlJIUX8uiG5cV7APaECbTSTt08mDmRgyl/oobF4q49UPc+TdO2iy09cC9HM65l7lzvFhwBZb1baysrq1vbBa2its7u3v75sFhW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfJP5nQcmFY/Ce0hj5gRkGHKfUwJacs1SRVYxVPGja2etXsXpqWuWrZo1A14mdk7KKEfTNb/6g4gmAQuBCqJUz7ZicCZEAqeCTYv9RLGY0DEZsp6mIQmYciaz46f4RCsD7EdSVwh4pv7emJBAqTTw9GRAYKQWvUz8z+sl4F85Ex7GCbCQzh/yE4EhwlkSeMAloyBSTQiVXN+K6YhIQkHnVdQh2ItfXibtes2+qJ3fnZUb13kcBXSEjlEF2egSNdAtaqIWoihFz+gVvRlPxovxbnzMR1eMfKeE/sD4/AHve5Jk</latexit>

(r, t, x1, x2, y)

Translation sym.

Rotational             
sym.

• A metric ansatz is
<latexit sha1_base64="guurxM41tZ4eHtUS6jAqFv2YHS4="></latexit>

ds2 = �U(t)dt2 +
dr2

U(r)
+ e2V (r)((dx1)2 + (dx2)2) + e2W (r)dy2

<latexit sha1_base64="kaS0hOeDWvC9WeLW1kiy1DJj6Vc=">AAAB/3icbZDLSgMxFIYz9VbrrSq4cRMsggspM8XbRigVxGUFe4F2LJnMmTY0kxmSjFpqF76KGxeKuPU13Pk2ppeFtv4Q+PjPOZyT34s5U9q2v63U3PzC4lJ6ObOyura+kd3cqqookRQqNOKRrHtEAWcCKpppDvVYAgk9DjWvezGs1+5AKhaJG92LwQ1JW7CAUaKN1cruHOLL8xL2H24LuHkPfhtG3Mrm7Lw9Ep4FZwI5NFG5lf1q+hFNQhCacqJUw7Fj7faJ1IxyGGSaiYKY0C5pQ8OgICEotz+6f4D3jePjIJLmCY1H7u+JPgmV6oWe6QyJ7qjp2tD8r9ZIdHDm9pmIEw2CjhcFCcc6wsMwsM8kUM17BgiVzNyKaYdIQrWJLGNCcKa/PAvVQt45yR9fH+WKpUkcabSL9tABctApKqIrVEYVRNEjekav6M16sl6sd+tj3JqyJjPb6I+szx8ZgZRC</latexit>

, F = Bdx2 ^ dx2



<latexit sha1_base64="+2Yq7I7HOgVU0o3v4v/uTO8Why0="></latexit>

U(V 00 �W 00) + (U 0 + U(2V 0 +W 0))(V 0 �W 0) = �2B2e�4V

<latexit sha1_base64="FWmkyRWT87GeL458SoKqtRAu0+g=">AAACAnicbVDLSsNAFJ34rPUVdSVuBou0UihJ8LURim5cVrBJoY1lMp20QycPZiZCCcWNv+LGhSJu/Qp3/o2TNgttPXCZwzn3cuceL2ZUSMP41hYWl5ZXVgtrxfWNza1tfWfXFlHCMWniiEW85SFBGA1JU1LJSCvmBAUeI443vM5854FwQaPwTo5i4gaoH1KfYiSV1NX3LbtcrjqqrIpdPr63qhUney6Nrl4yasYEcJ6YOSmBHI2u/tXpRTgJSCgxQ0K0TSOWboq4pJiRcbGTCBIjPER90lY0RAERbjo5YQyPlNKDfsRVhRJO1N8TKQqEGAWe6gyQHIhZLxP/89qJ9C/clIZxIkmIp4v8hEEZwSwP2KOcYMlGiiDMqforxAPEEZYqtaIKwZw9eZ7YVs08q53enpTqV3kcBXAADkEFmOAc1MENaIAmwOARPINX8KY9aS/au/YxbV3Q8pk98Afa5w99CpMH</latexit>

2V 00 +W 00 + 2(V 0)2 + (W 0)2 = 0
<latexit sha1_base64="QiTxKIpflEh0ySNyETD2+s/gJh8="></latexit>

1

2
U 00 +

1

2
U 0(2V 0 +W 0) = 4 +

2

3
B2e�4V

<latexit sha1_base64="R1rOt7rkLu2SUmThAm+T90JxPpU=">AAACEnicbVDLTsJAFJ3iC/FVdemmkZhCCKRt8LExIbhxiYktJFDIdBhgwvSRmakJafgGN/6KGxca49aVO//GAbpQ8CQ3OXPOvZl7jxdRwoVhfCuZtfWNza3sdm5nd2//QD08cngYM4RtFNKQtTzIMSUBtgURFLcihqHvUdz0xjczv/mAGSdhcC8mEXZ9OAzIgCAopNRTi5atO3rJ1pt6ybILjl7sWqWq7cj3tWmVLdxNylVnWu9aPTVvVIw5tFVipiQPUjR66lenH6LYx4FAFHLeNo1IuAlkgiCKp7lOzHEE0RgOcVvSAPqYu8n8pKl2JpW+NgiZrEBoc/X3RAJ9zie+Jzt9KEZ82ZuJ/3ntWAyu3IQEUSxwgBYfDWKqiVCb5aP1CcNI0IkkEDEid9XQCDKIhEwxJ0Mwl09eJY5VMS8q53fVfK2expEFJ+AUFIAJLkEN3IIGsAECj+AZvII35Ul5Ud6Vj0VrRklnjsEfKJ8/30aYoQ==</latexit>

2U 0V 0 + U 0W 0 + 2U(V 0)2 + 4UV 0W 0 = 12� 2e�4V B2

Ongoing work

• From the metric ansatz, the Maxwell equation is autumatically satisfied, and the Einstein  
Equation reduced to

• A metric anf field strenth ansatz are again
<latexit sha1_base64="guurxM41tZ4eHtUS6jAqFv2YHS4="></latexit>

ds2 = �U(t)dt2 +
dr2

U(r)
+ e2V (r)((dx1)2 + (dx2)2) + e2W (r)dy2

<latexit sha1_base64="kaS0hOeDWvC9WeLW1kiy1DJj6Vc=">AAAB/3icbZDLSgMxFIYz9VbrrSq4cRMsggspM8XbRigVxGUFe4F2LJnMmTY0kxmSjFpqF76KGxeKuPU13Pk2ppeFtv4Q+PjPOZyT34s5U9q2v63U3PzC4lJ6ObOyura+kd3cqqookRQqNOKRrHtEAWcCKpppDvVYAgk9DjWvezGs1+5AKhaJG92LwQ1JW7CAUaKN1cruHOLL8xL2H24LuHkPfhtG3Mrm7Lw9Ep4FZwI5NFG5lf1q+hFNQhCacqJUw7Fj7faJ1IxyGGSaiYKY0C5pQ8OgICEotz+6f4D3jePjIJLmCY1H7u+JPgmV6oWe6QyJ7qjp2tD8r9ZIdHDm9pmIEw2CjhcFCcc6wsMwsM8kUM17BgiVzNyKaYdIQrWJLGNCcKa/PAvVQt45yR9fH+WKpUkcabSL9tABctApKqIrVEYVRNEjekav6M16sl6sd+tj3JqyJjPb6I+szx8ZgZRC</latexit>

, F = Bdx2 ^ dx2

• With B=0, a solution to these equation is           :   
<latexit sha1_base64="gYo52e8F03RxmqtJtiI3aGumGVI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseqF48VTVtoQ9lsNu3SzSbsboQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8w8P+FMadv+tkorq2vrG+XNytb2zu5edf+greJUEuqSmMey62NFORPU1Uxz2k0kxZHPaccf3+Z+54lKxWLxqCcJ9SI8FCxkBGsjudfBw6AxqNbsuj0DWiZOQWpQoDWofvWDmKQRFZpwrFTPsRPtZVhqRjidVvqpogkmYzykPUMFjqjystmxU3RilACFsTQlNJqpvycyHCk1iXzTGWE9UoteLv7n9VIdXnkZE0mqqSDzRWHKkY5R/jkKmKRE84khmEhmbkVkhCUm2uRTMSE4iy8vk/ZZ3bmoN+7Pa82bIo4yHMExnIIDl9CEO2iBCwQYPMMrvFnCerHerY95a8kqZg7hD6zPHyLHjkI=</latexit>

AdS5
<latexit sha1_base64="7YohG3x5BC0QicSZL1I+/Rvc3pg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTF16ZQdOOygmkLbVom00k7dDIJMxMhhPgrblwo4tYPceffOE2z0NYDl3s4517mzvEiRqWyrG+jtLa+sblV3q7s7O7tH5iHRx0ZxgITB4csFD0PScIoJ46iipFeJAgKPEa63ux27ncfiZA05A8qiYgboAmnPsVIaWlkVp0mGaaNTpa3btYUw8bIrFl1KwdcJXZBaqBAe2R+DcYhjgPCFWZIyr5tRcpNkVAUM5JVBrEkEcIzNCF9TTkKiHTT/PgMnmplDP1Q6OIK5urvjRQFUiaBpycDpKZy2ZuL/3n9WPnXbkp5FCvC8eIhP2ZQhXCeBBxTQbBiiSYIC6pvhXiKBMJK51XRIdjLX14lnUbdvqxf3J/XWjdFHGVwDE7AGbDBFWiBO9AGDsAgAc/gFbwZT8aL8W58LEZLRrFTBX9gfP4AeyeUCA==</latexit>

U = e2V = e2W = r2

• A main goal is to find dual gravity solutions that correspond to an RG flows between
a D=3+1 CFT at short distance and a D=1+1 CFT at long distance.



Ongoing work
• A zero temperature solution preserving Lorentz invariance in the 

<latexit sha1_base64="Dy4xN8INpNawi788klvgZZF50ls=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoMQQcKu+DoGvXiMYB6QLGF2MpuMmZ1ZZnqFZck/ePGgiFf/x5t/4yTZg0YLGoqqbrq7glhwA6775RSWlldW14rrpY3Nre2d8u5ey6hEU9akSijdCYhhgkvWBA6CdWLNSBQI1g7GN1O//ci04UreQxozPyJDyUNOCVipVYUTnB73yxW35s6A/xIvJxWUo9Evf/YGiiYRk0AFMabruTH4GdHAqWCTUi8xLCZ0TIasa6kkETN+Nrt2go+sMsCh0rYk4Jn6cyIjkTFpFNjOiMDILHpT8T+vm0B45WdcxgkwSeeLwkRgUHj6Oh5wzSiI1BJCNbe3YjoimlCwAZVsCN7iy39J67TmXdTO784q9es8jiI6QIeoijx0ieroFjVQE1H0gJ7QC3p1lPPsvDnv89aCk8/so19wPr4BRUuOSg==</latexit>

(t, y)

<latexit sha1_base64="gYo52e8F03RxmqtJtiI3aGumGVI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseqF48VTVtoQ9lsNu3SzSbsboQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8w8P+FMadv+tkorq2vrG+XNytb2zu5edf+greJUEuqSmMey62NFORPU1Uxz2k0kxZHPaccf3+Z+54lKxWLxqCcJ9SI8FCxkBGsjudfBw6AxqNbsuj0DWiZOQWpQoDWofvWDmKQRFZpwrFTPsRPtZVhqRjidVvqpogkmYzykPUMFjqjystmxU3RilACFsTQlNJqpvycyHCk1iXzTGWE9UoteLv7n9VIdXnkZE0mqqSDzRWHKkY5R/jkKmKRE84khmEhmbkVkhCUm2uRTMSE4iy8vk/ZZ3bmoN+7Pa82bIo4yHMExnIIDl9CEO2iBCwQYPMMrvFnCerHerY95a8kqZg7hD6zPHyLHjkI=</latexit>

AdS5

<latexit sha1_base64="PgasrOwrNiVA08a6o+zIMLJ7wGA=">AAAB+HicbVC5TsNAEF1zhnDEQEmzIkKiiuxwlgEayiBySYmx1ut1ssr60O4YKVj5EhoKEKLlU+j4GzaJC0h40khP781oZp6XCK7Asr6NpeWV1bX1wkZxc2t7p2Tu7rVUnErKmjQWsex4RDHBI9YEDoJ1EslI6AnW9oY3E7/9yKTicdSAUcKckPQjHnBKQEuuWbry792THvCQKdx4qLpm2apYU+BFYuekjHLUXfOr58c0DVkEVBCluraVgJMRCZwKNi72UsUSQoekz7qaRkQvcrLp4WN8pBUfB7HUFQGeqr8nMhIqNQo93RkSGKh5byL+53VTCC6djEdJCiyis0VBKjDEeJIC9rlkFMRIE0Il17diOiCSUNBZFXUI9vzLi6RVrdjnlbO703LtOo+jgA7QITpGNrpANXSL6qiJKErRM3pFb8aT8WK8Gx+z1iUjn9lHf2B8/gB7T5JX</latexit>

AdS3 ⇥ T 2

<latexit sha1_base64="FhzmnZQZ4Qbip7uk0w6BlBXCqWI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9IQpidzCZDZmfXmV5hWfITXjwo4tXf8ebfOEn2oIkFDUVVN91dfiyFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/up34zSeujYjUA6Yx74Z0oEQgGEUrtfR1R6gA016p7FbcKcgi8XJShhy1Xumr049YEnKFTFJj2p4bYzejGgWTfFzsJIbHlI3ogLctVTTkpptN7x2TY6v0SRBpWwrJVP09kdHQmDT0bWdIcWjmvYn4n9dOMLjqZkLFCXLFZouCRBKMyOR50heaM5SpJZRpYW8lbEg1ZWgjKtoQvPmXF0njtOJdVM7vz8rVmzyOAhzCEZyAB5dQhTuoQR0YSHiGV3hzHp0X5935mLUuOfnMAfyB8/kDHTOQCQ==</latexit>r = 1 <latexit sha1_base64="ryMrJXqrjy2NL5tzyINbw5aYbO4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTZyWwyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWutdXbq9ccavuDOQv8XJSgRz1Xvmz249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkyCp9EsbalkIyU39OZDQyZhwFtjOiODSL3lT8z+ukGF76mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLf0nzpOqdV8/uTiu16zyOIhzAIRyDBxdQg1uoQwMYDOAJXuDVkc6z8+a8z1sLTj6zD7/gfHwD0I+NgQ==</latexit>

r = 0
<latexit sha1_base64="QIPooo7LW/c3VZpxBNnq4viMSOc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0nEr2PRi8cKpi20oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dlZW19Y3Nktb5e2d3b39ysFhS8epItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+V++4kqzWL5aCYJDQQeShYxgk0u1fzWWb9SdevuDGiZeAWpQoFmv/LVG8QkFVQawrHWXc9NTJBhZRjhdFrupZommIzxkHYtlVhQHWSzW6fo1CoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpiW6CjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7YheIsvL5PWed27ql8+XFQbt0UcJTiGE6iBB9fQgHtogg8ERvAMr/DmCOfFeXc+5q0rTjFzBH/gfP4AIdGNqA==</latexit>

(UV )
<latexit sha1_base64="AMeNIvy9A0bsMJjxmZLw6CiOhVI=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBDiJeyKr2PQi96imAckS5idzCZDZmaXmVkhLPkFLx4U8eoPefNvnE32oIkFDUVVN91dQcyZNq777Swtr6yurRc2iptb2zu7pb39po4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW09UaRbJRzOOqS/wQLKQEWwyqXL3cNIrld2qOwVaJF5OypCj3it9dfsRSQSVhnCsdcdzY+OnWBlGOJ0Uu4mmMSYjPKAdSyUWVPvp9NYJOrZKH4WRsiUNmqq/J1IstB6LwHYKbIZ63svE/7xOYsIrP2UyTgyVZLYoTDgyEcoeR32mKDF8bAkmitlbERlihYmx8RRtCN78y4ukeVr1Lqrn92fl2nUeRwEO4Qgq4MEl1OAW6tAAAkN4hld4c4Tz4rw7H7PWJSefOYA/cD5/AAl1jZg=</latexit>

(IR)

RG flow

<latexit sha1_base64="9jjiE+rX0LAnXNF5IeBUY76vrR0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxYl6QLGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U395hPXRkSqhuOY+yEdKNEXjKKVHms3brdYcsvuDGSZeBkpQYZqt/jV6UUsCblCJqkxbc+N0U+pRsEknxQ6ieExZSM64G1LFQ258dPZqRNyYpUe6UfalkIyU39PpDQ0ZhwGtjOkODSL3lT8z2sn2L/2U6HiBLli80X9RBKMyPRv0hOaM5RjSyjTwt5K2JBqytCmU7AheIsvL5PGWdm7LF88nJcqt1kceTiCYzgFD66gAvdQhTowGMAzvMKbI50X5935mLfmnGzmEP7A+fwBotuNYw==</latexit>

T = 0
<latexit sha1_base64="FWmkyRWT87GeL458SoKqtRAu0+g=">AAACAnicbVDLSsNAFJ34rPUVdSVuBou0UihJ8LURim5cVrBJoY1lMp20QycPZiZCCcWNv+LGhSJu/Qp3/o2TNgttPXCZwzn3cuceL2ZUSMP41hYWl5ZXVgtrxfWNza1tfWfXFlHCMWniiEW85SFBGA1JU1LJSCvmBAUeI443vM5854FwQaPwTo5i4gaoH1KfYiSV1NX3LbtcrjqqrIpdPr63qhUney6Nrl4yasYEcJ6YOSmBHI2u/tXpRTgJSCgxQ0K0TSOWboq4pJiRcbGTCBIjPER90lY0RAERbjo5YQyPlNKDfsRVhRJO1N8TKQqEGAWe6gyQHIhZLxP/89qJ9C/clIZxIkmIp4v8hEEZwSwP2KOcYMlGiiDMqforxAPEEZYqtaIKwZw9eZ7YVs08q53enpTqV3kcBXAADkEFmOAc1MENaIAmwOARPINX8KY9aS/au/YxbV3Q8pk98Afa5w99CpMH</latexit>

2V 00 +W 00 + 2(V 0)2 + (W 0)2 = 0
<latexit sha1_base64="gK5WerO0+/bY5nCkjahQVLairig=">AAACEXicbVDLTsJAFJ3iC/FVdemmkRhICKRtEN2YENy4xERaEyhkOkxhwvSRmakJafgFN/6KGxca49adO//GKXSh4Elm7sk592bmHjeihAtd/1Zya+sbm1v57cLO7t7+gXp4ZPEwZgh3UEhDdu9CjikJcEcQQfF9xDD0XYptd3Kd+vYDZpyEwZ2YRtjx4SggHkFQSGmglq1S36zY6VW3Snap2sD9pGras0pa61ZKW33zSh+oRb2mz6GtEiMjRZChPVC/esMQxT4OBKKQ866hR8JJIBMEUTwr9GKOI4gmcIS7kgbQx9xJ5hvNtDOpDDUvZPIEQpurvycS6HM+9V3Z6UMx5steKv7ndWPhXToJCaJY4AAtHvJiqolQS+PRhoRhJOhUEogYkX/V0BgyiIQMsSBDMJZXXiWWWTMatfPberHZyuLIgxNwCsrAABegCW5AG3QAAo/gGbyCN+VJeVHelY9Fa07JZo7BHyifP9lEmUs=</latexit>

V 02 +W 02 + 4V 0W 0 � 6e�2W + e�4V�2WB2 = 0

• The holographic dual to this interpolating solution is a RG flow from 4-dimensional N=4 super
Yang-Mills theory in the UV to 2-dimensional CFT in the IR.



Ongoing work
• Null energy condition (NEC) and the monotonicity

• Rewritten the metric in terms of the Poincare coordinate

• For holographic domain wall flows across dimensions NEC yields a monotonic c-function  
along the RG flow from              to             .

<latexit sha1_base64="dEdXjgN9U76A9EByq5ha2jzEK4s="></latexit>

ds2 = e2f(z)(gµ⌫(x)dx
µdx⌫ + dz2) + e2g(z)gijdy

idyj

<latexit sha1_base64="sbg97vRRWUe3FzuWKdvFvV6dEfo=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2NcDh4jmkWSIfT09CRNunuG7h4hDPkKLx4U8ernePNv7CwHTXxQ8Hiviqp6QcKZNq777eQWFpeWV/KrhbX1jc2t4vZOXcepIrRGYh6rZoA15UzSmmGG02aiKBYBp42gfz3yG09UaRbLBzNIqC9wV7KIEWys9HgZ3neymyNv2CmW3LI7Bpon3pSUYIpqp/jVDmOSCioN4Vjrlucmxs+wMoxwOiy0U00TTPq4S1uWSiyo9rPxwUN0YJUQRbGyJQ0aq78nMiy0HojAdgpsenrWG4n/ea3URBd+xmSSGirJZFGUcmRiNPoehUxRYvjAEkwUs7ci0sMKE2MzKtgQvNmX50n9uOydlU/vTkqVq2kcediDfTgED86hArdQhRoQEPAMr/DmKOfFeXc+Jq05ZzqzC3/gfP4A2UiPzQ==</latexit>

AdSD+1
<latexit sha1_base64="k3AcCJ7GBYT5yliMEbhladR6jnM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKr2PUi8eI5iHJEmZnZ5MhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXkHCmjet+OwuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VK8CaciZp3TDDaStRFIuA02YwuBn7zSeqNIvlgxkm1Be4J1nECDZWerwK77tZeOyNuqWyW3EnQPPEy0kZctS6pa9OGJNUUGkIx1q3PTcxfoaVYYTTUbGTappgMsA92rZUYkG1n00OHqFDq4QoipUtadBE/T2RYaH1UAS2U2DT17PeWPzPa6cmuvQzJpPUUEmmi6KUIxOj8fcoZIoSw4eWYKKYvRWRPlaYGJtR0Ybgzb48TxonFe+8cnZ3Wq5e53EUYB8O4Ag8uIAq3EIN6kBAwDO8wpujnBfn3fmYti44+cwe/IHz+QMKN4/t</latexit>

AdSd+1

<latexit sha1_base64="bI0RLdOwRCCf3h3OY0oWdQQ+/pQ="></latexit>

RMN⇣M⇣N � 0 ) �(d� 1)(f 00 � (f 0)2)� (D � d)(g00 + g0(g0 � 2f 0)) � 0 : NEC

• From the boundary conditions at conformal fixed points
<latexit sha1_base64="wPQUqcCt7hEPaS3L/9XcvlKaw0I="></latexit>

UV : (e�f )0 = (e�g)0 = 1/LUV ) cUV = (LUV )
D�1

<latexit sha1_base64="yzlS9njBlDbAbgNS72mC0yP50iQ="></latexit>

IR : (e�f )0 = 1/LIR ) cIR = `D�de(D�d)gIR(LIR)
d�1

• For the effective AdS radius along the RG flow in the five-dimension magetic brane solution
<latexit sha1_base64="i9OQ3LJvWgW/59eBkLFQEKvCgAc="></latexit>

c(z) =
`2

(e�↵(z))0
, where ↵(z) ⌘ f(z) + 2g(z).

• Using NEC, It is easy to show that the holographic c-function is monotonic :  
<latexit sha1_base64="X6cRKVzAoYOu0x++25C/ESYH4To=">AAAB83icbVDLSsNAFL2pr1pfVZduBotYNyERX8uiG5cV7AOaUCbTSTt0MokzE6GG/oYbF4q49Wfc+TdO2yy09cCFwzn3cu89QcKZ0o7zbRWWlldW14rrpY3Nre2d8u5eU8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB8Gbitx6pVCwW93qUUD/CfcFCRrA2kkeqTyfHHqcPyLG75YpjO1OgReLmpAI56t3yl9eLSRpRoQnHSnVcJ9F+hqVmhNNxyUsVTTAZ4j7tGCpwRJWfTW8eoyOj9FAYS1NCo6n6eyLDkVKjKDCdEdYDNe9NxP+8TqrDKz9jIkk1FWS2KEw50jGaBIB6TFKi+cgQTCQztyIywBITbWIqmRDc+ZcXSfPUdi/s87uzSu06j6MIB3AIVXDhEmpwC3VoAIEEnuEV3qzUerHerY9Za8HKZ/bhD6zPHxWPkG0=</latexit>

c(z)0  0.



Ongoing work
• Entanglement c-function can also quantify the RG flow.
• The Entanglement entropy has different forms of divergenct structure at UV and IR fixed points.

<latexit sha1_base64="mpZ2xCKtRzWhoHq3ezV9j1MC/8c=">AAACDnicbVDLSsNAFJ3UV62vqEs3wVKom5JIq26EqhRdSUX7gLaGyXTSDp08mJkIZcgXuPFX3LhQxK1rd/6NkzYLbT1w4XDOvdx7jxNSwoVpfmuZhcWl5ZXsam5tfWNzS9/eafIgYgg3UEAD1nYgx5T4uCGIoLgdMgw9h+KWM7pI/NYDZpwE/p0Yh7jnwYFPXIKgUJKtF25tWavFp12XQSS7HhRDBKk8i2NZvrSv72WxchDHtp43S+YExjyxUpIHKeq2/tXtByjysC8QhZx3LDMUPQmZIIjiONeNOA4hGsEB7ijqQw/znpy8ExsFpfQNN2CqfGFM1N8TEnqcjz1HdSb38lkvEf/zOpFwT3qS+GEksI+mi9yIGiIwkmyMPmEYCTpWBCJG1K0GGkIVjFAJ5lQI1uzL86R5WLKOSpWbcr56nsaRBXtgHxSBBY5BFVyBOmgABB7BM3gFb9qT9qK9ax/T1oyWzuyCP9A+fwDKPpvz</latexit>

SEE =
A
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For a strip shape

For a disk shape

<latexit sha1_base64="t6U7LYiOZSJMVAtUdPrwvIWGL+Q="></latexit>

AUV
D (r0) = 4⇡vR3

UV

✓
r1
r0

◆2

� ⇡vR3
UV (1 + 4 log 2)� 4⇡vR3

UV log

✓
r1
r0

◆

• Notice that for the IR region the minimal surface has only one unique shape.
<latexit sha1_base64="fs23t7U5ihgco3vIsXmvFw8954M="></latexit>

AIR(`) = Vol(T 2)⇥ 2RIR log

✓
r1`

R2
IR

◆
, Vol(T 2) ⌘ L2

✓
Bp
3

◆

<latexit sha1_base64="Via/vxdOY8XyijmxuesqXAYfpV8="></latexit>

AUV
D (`) = vL2RUV

✓
r21
R2

UV

� 4⇡3/2 �(5/6)3
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UV
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Ongoing work
• A finite temperature solution

[E.D’Hoker & P.Kraus ’09] • Found smooth interpoatiing flow solution through the numerics.

<latexit sha1_base64="gYo52e8F03RxmqtJtiI3aGumGVI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseqF48VTVtoQ9lsNu3SzSbsboQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8w8P+FMadv+tkorq2vrG+XNytb2zu5edf+greJUEuqSmMey62NFORPU1Uxz2k0kxZHPaccf3+Z+54lKxWLxqCcJ9SI8FCxkBGsjudfBw6AxqNbsuj0DWiZOQWpQoDWofvWDmKQRFZpwrFTPsRPtZVhqRjidVvqpogkmYzykPUMFjqjystmxU3RilACFsTQlNJqpvycyHCk1iXzTGWE9UoteLv7n9VIdXnkZE0mqqSDzRWHKkY5R/jkKmKRE84khmEhmbkVkhCUm2uRTMSE4iy8vk/ZZ3bmoN+7Pa82bIo4yHMExnIIDl9CEO2iBCwQYPMMrvFnCerHerY95a8kqZg7hD6zPHyLHjkI=</latexit>

AdS5
<latexit sha1_base64="FhzmnZQZ4Qbip7uk0w6BlBXCqWI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9IQpidzCZDZmfXmV5hWfITXjwo4tXf8ebfOEn2oIkFDUVVN91dfiyFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/up34zSeujYjUA6Yx74Z0oEQgGEUrtfR1R6gA016p7FbcKcgi8XJShhy1Xumr049YEnKFTFJj2p4bYzejGgWTfFzsJIbHlI3ogLctVTTkpptN7x2TY6v0SRBpWwrJVP09kdHQmDT0bWdIcWjmvYn4n9dOMLjqZkLFCXLFZouCRBKMyOR50heaM5SpJZRpYW8lbEg1ZWgjKtoQvPmXF0njtOJdVM7vz8rVmzyOAhzCEZyAB5dQhTuoQR0YSHiGV3hzHp0X5935mLUuOfnMAfyB8/kDHTOQCQ==</latexit>r = 1 <latexit sha1_base64="ryMrJXqrjy2NL5tzyINbw5aYbO4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTZyWwyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWutdXbq9ccavuDOQv8XJSgRz1Xvmz249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkyCp9EsbalkIyU39OZDQyZhwFtjOiODSL3lT8z+ukGF76mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLf0nzpOqdV8/uTiu16zyOIhzAIRyDBxdQg1uoQwMYDOAJXuDVkc6z8+a8z1sLTj6zD7/gfHwD0I+NgQ==</latexit>

r = 0
<latexit sha1_base64="QIPooo7LW/c3VZpxBNnq4viMSOc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0nEr2PRi8cKpi20oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dlZW19Y3Nktb5e2d3b39ysFhS8epItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+V++4kqzWL5aCYJDQQeShYxgk0u1fzWWb9SdevuDGiZeAWpQoFmv/LVG8QkFVQawrHWXc9NTJBhZRjhdFrupZommIzxkHYtlVhQHWSzW6fo1CoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpiW6CjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7YheIsvL5PWed27ql8+XFQbt0UcJTiGE6iBB9fQgHtogg8ERvAMr/DmCOfFeXc+5q0rTjFzBH/gfP4AIdGNqA==</latexit>

(UV )
<latexit sha1_base64="AMeNIvy9A0bsMJjxmZLw6CiOhVI=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBDiJeyKr2PQi96imAckS5idzCZDZmaXmVkhLPkFLx4U8eoPefNvnE32oIkFDUVVN91dQcyZNq777Swtr6yurRc2iptb2zu7pb39po4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW09UaRbJRzOOqS/wQLKQEWwyqXL3cNIrld2qOwVaJF5OypCj3it9dfsRSQSVhnCsdcdzY+OnWBlGOJ0Uu4mmMSYjPKAdSyUWVPvp9NYJOrZKH4WRsiUNmqq/J1IstB6LwHYKbIZ63svE/7xOYsIrP2UyTgyVZLYoTDgyEcoeR32mKDF8bAkmitlbERlihYmx8RRtCN78y4ukeVr1Lqrn92fl2nUeRwEO4Qgq4MEl1OAW6tAAAkN4hld4c4Tz4rw7H7PWJSefOYA/cD5/AAl1jZg=</latexit>

(IR)

RG flow

<latexit sha1_base64="9jjiE+rX0LAnXNF5IeBUY76vrR0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxYl6QLGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U395hPXRkSqhuOY+yEdKNEXjKKVHms3brdYcsvuDGSZeBkpQYZqt/jV6UUsCblCJqkxbc+N0U+pRsEknxQ6ieExZSM64G1LFQ258dPZqRNyYpUe6UfalkIyU39PpDQ0ZhwGtjOkODSL3lT8z2sn2L/2U6HiBLli80X9RBKMyPRv0hOaM5RjSyjTwt5K2JBqytCmU7AheIsvL5PGWdm7LF88nJcqt1kceTiCYzgFD66gAvdQhTowGMAzvMKbI50X5935mLfmnGzmEP7A+fwBotuNYw==</latexit>

T = 0

<latexit sha1_base64="OwYlBh+c+jITdJPRU7nr4FtQfHg=">AAAB9HicbVDJTgJBEK3BDXFDPXrpSEw8kRnidiR48YgJW4SR9DQ90KFnsbuGhBC+w4sHjfHqx3jzb2xgDgq+pJKX96pSVc+LpdBo299WZm19Y3Mru53b2d3bP8gfHjV0lCjG6yySkWp5VHMpQl5HgZK3YsVp4Ene9Ia3M7854kqLKKzhOOZuQPuh8AWjaCS3UnvooAi4JrXHUjdfsIv2HGSVOCkpQIpqN//V6UUsCXiITFKt244dozuhCgWTfJrrJJrHlA1pn7cNDalZ5E7mR0/JmVF6xI+UqRDJXP09MaGB1uPAM50BxYFe9mbif147Qf/GnYgwTpCHbLHITyTBiMwSID2hOEM5NoQyJcythA2oogxNTjkTgrP88ipplIrOVfHy/qJQrqRxZOEETuEcHLiGMtxBFerA4Ame4RXerJH1Yr1bH4vWjJXOHMMfWJ8/x7mReA==</latexit>

BTZ ⇥ T 2

<latexit sha1_base64="XFqK8CnJkXyvGlfCRR9ysqUE6fg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RghL0iWMDvpTYbMzq4zs0JY8hFePCji1e/x5t84SfagiQUNRVU33V1BIrg2rvvtrKyurW9sFraK2zu7e/ulg8OmjlPFsMFiEat2QDUKLrFhuBHYThTSKBDYCkZ3U7/1hErzWNbNOEE/ogPJQ86osVKr3pX4SNxeqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NwJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88TMuk9SgZPNFYSqIicn0d9LnCpkRY0soU9zeStiQKsqMTahoQ/AWX14mzfOKd1W5fLgoV2/zOApwDCdwBh5cQxXuoQYNYDCCZ3iFNydxXpx352PeuuLkM0fwB87nD4gIjw4=</latexit>

T 6= 0
<latexit sha1_base64="pw/8s8mlr/bObrQvLpug95wEuZc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ4sVjRPOAZAmzk04yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSP5aMYx+iEdSN7njBorPVRv3G6x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns1Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/aT7mME4OSzRf1E0FMRKZ/kx5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf48jJpnJW9y/LF/XmpUs3iyMMRHMMpeHAFFbiDGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucPh2+NUQ==</latexit>

B = 0
<latexit sha1_base64="BH1b5tQt0186jdnsV6ypnQEP+Ls=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzx4jGCeUCyhNlJbzJkdnadmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGiu1al2Jj8TtlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzc6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCGz/jMkkNSjZfFKaCmJhMfyd9rpAZMbaEMsXtrYQNqaLM2ISKNgRv8eVl0jyveFeVy/uLcrWWx1GAYziBM/DgGqpwB3VoAIMRPMMrvDmJ8+K8Ox/z1hUnnzmCP3A+fwBsVI78</latexit>

B 6= 0

• From the numeric solution they studied the behaviours of a temperature dependece of entorpy.
• At low T, the entropy density is linear in    .
• For high T, it is found to behave as            . 

<latexit sha1_base64="5oxMkLioSoM+8Je4auhYl94eCVI=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0eiF4+Y8DKwktlhFibMzG5mZk3Ihq/w4kFjvPo53vwbB9iDgpV0UqnqTndXEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsY3U791hNVmkWybsYx9QUeSBYygo2VHnRXM4Hqj+e9YsktuzOgZeJlpAQZar3iV7cfkURQaQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasVRiQbWfzg6eoBOr9FEYKVvSoJn6eyLFQuuxCGynwGaoF72p+J/XSUx47adMxomhkswXhQlHJkLT71GfKUoMH1uCiWL2VkSGWGFibEYFG4K3+PIyaZ6VvcvyxX2lVL3J4sjDERzDKXhwBVW4gxo0gICAZ3iFN0c5L8678zFvzTnZzCH8gfP5AyE0j/s=</latexit>

s ⇠ T 3

<latexit sha1_base64="EqeA+mbLkNRXGR722P9vRZdlcXk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdz/zWEyrNY1k34wT9iA4kDzmjxkq1eq9YcsvuHGSVeBkpQYZqr/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5oVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDWn3CZpAYlWywKU0FMTGZfkz5XyIwYW0KZ4vZWwoZUUWZsNgUbgrf88ippXpS96/JV7bJUucviyMMJnMI5eHADFXiAKjSAAcIzvMKb8+i8OO/Ox6I152Qzx/AHzucPsumM4g==</latexit>
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Ongoing work - Homework and future directions

• A list we have to do in the ongoing study

1. Define an expression of a candidate c-function.


2. Survey c-theorem and its monotonicity.


3. Compute             and         along the RG flow.


4. Extend to the space different topology and higher dimensions.

<latexit sha1_base64="x2O8ugwdZPq1IqTzQ1jf80nmlWA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUnE17Loxp0V7AOaUG6mk3boZBJmJkIJ3bjxV9y4UMSt/+DOv3HaRtDWA5d7OOdeZu4JEs6Udpwvq7CwuLS8Ulwtra1vbG7Z2zsNFaeS0DqJeSxbASjKmaB1zTSnrURSiAJOm8Hgauw376lULBZ3ephQP4KeYCEjoI3Usfc9DqLHqUeAZzejnyYnYscuOxVnAjxP3JyUUY5ax/70ujFJIyo04aBU23US7WcgNSOcjkpeqmgCZAA92jZUQESVn02uGOFDo3RxGEtTQuOJ+nsjg0ipYRSYyQh0X816Y/E/r53q8MLPmEhSTQWZPhSmHOsYjyPBXSYp0XxoCBDJzF8x6YMEok1wJROCO3vyPGkcV9yzyuntSbl6mcdRRHvoAB0hF52jKrpGNVRHBD2gJ/SCXq1H69l6s96nowUr39lFf2B9fANIZZkX</latexit>

hOOi
<latexit sha1_base64="+DXmU+pZ+YTRYiPaN4wfJr6uT1Y=">AAAB/XicbVDJSgNBEO2JW4xbXG5eBoPgKcyI2zGoB48RzALJMPR0apImPT1Dd40Yh+CvePGgiFf/w5t/Y2c5aOKDgsd7VVTVCxLBNTrOt5VbWFxaXsmvFtbWNza3its7dR2nikGNxSJWzYBqEFxCDTkKaCYKaBQIaAT9q5HfuAeleSzvcJCAF9Gu5CFnFI3kF/fa1yCQ+lkb4QEzCMPycOgXS07ZGcOeJ+6UlMgUVb/41e7ELI1AIhNU65brJOhlVCFnAoaFdqohoaxPu9AyVNIItJeNrx/ah0bp2GGsTEm0x+rviYxGWg+iwHRGFHt61huJ/3mtFMMLL+MySREkmywKU2FjbI+isDtcAUMxMIQyxc2tNutRRRmawAomBHf25XlSPy67Z+XT25NS5XIaR57skwNyRFxyTirkhlRJjTDySJ7JK3mznqwX6936mLTmrOnMLvkD6/MH9hWVkg==</latexit>

�e↵.



Thank you for listening :):


