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QFT as a set of ODEs

Based on joint work with M.Loparco, G.Mathys, J.Penedones, and X.Zhao (to appear)

<latexit sha1_base64="TIZafnKHVIGzsvqLGy5SvUCatzM=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoiUt0IRUFcVrAPaEKZTCbt0MkkzEyEErJ046+4caGIWz/BnX/jNM1CWw9cOJxz78y9x4sZlcqyvo3S0vLK6lp5vbKxubW9Y+7udWSUCEzaOGKR6HlIEkY5aSuqGOnFgqDQY6Trja+nfveBCEkjfq8mMXFDNOQ0oBgpLQ3Mw9TJH0kF8TMnEAinfi9LfZVd3tR6J9nArFp1KwdcJHZBqqBAa2B+OX6Ek5BwhRmSsm9bsXJTJBTFjGQVJ5EkRniMhqSvKUchkW6a75DBY634MIiELq5grv6eSFEo5ST0dGeI1EjOe1PxP6+fqODCTSmPE0U4nn0UJAyqCE5TgT4VBCs20QRhQfWuEI+QTkPp7Co6BHv+5EXSOa3bjXrj7qzavCriKIMDcARqwAbnoAluQQu0AQaP4Bm8gjfjyXgx3o2PWWvJKGb2wR8Ynz9tnJo6</latexit>

dX

dt
= F (X)



QFT in AdS

AdS is a good “box” for QFTs

CFT (UV)

7% Gut

·

CFT (IR)

↓ LaFT ↓
· > Rads

E

<latexit sha1_base64="oQZZVXZGrjzVbij1jLHwovUKc/4="></latexit>

SQFT = SCFT + ω

∫
dDx!!(x), [ω] = [ED→!]

For perturbation theory, the dimensionless parameter is

<latexit sha1_base64="MDs753TAweBI5dEdJD0WsKemOUo=">AAACHXicbVDJSgNBFOxxN25Rj14Gg6AHw4yIehHcDh7dokImhjc9L0ljz0L3GzEM8yNe/BUvHhTx4EX8GztxDm4FDUXVK16/8hMpNDnOhzUwODQ8Mjo2XpqYnJqeKc/Ones4VRxrPJaxuvRBoxQR1kiQxMtEIYS+xAv/er/nX9yg0iKOzqibYCOEdiRaggMZqVle9zpAmSdNIoB8uyAeiRD18knTI7ylbDc4zVeusoNV7wAlQd4sV5yq04f9l7gFqbACR83ymxfEPA0xIi5B67rrJNTIQJHgEvOSl2pMgF9DG+uGRmC2N7L+dbm9ZJTAbsXKvIjsvvo9kUGodTf0zWQI1NG/vZ74n1dPqbXVyESUpIQR/1rUSqVNsd2ryg6EQk6yawhwJcxfbd4BBZxMoSVTgvv75L/kfK3qblQ3jtcrO3tFHWNsgS2yZeayTbbDDtkRqzHO7tgDe2LP1r31aL1Yr1+jA1aRmWc/YL1/AkKYoqQ=</latexit>

ω̂ = ω→ (RAdS)
D→!

[Callan, Wilczek]



QFT in AdS

CFT (UV)

7% Gut

·

CFT (IR)

↓ LaFT ↓
· > Rads

E
CFT + small perturbation QFT in flat space

<latexit sha1_base64="MDs753TAweBI5dEdJD0WsKemOUo=">AAACHXicbVDJSgNBFOxxN25Rj14Gg6AHw4yIehHcDh7dokImhjc9L0ljz0L3GzEM8yNe/BUvHhTx4EX8GztxDm4FDUXVK16/8hMpNDnOhzUwODQ8Mjo2XpqYnJqeKc/Ones4VRxrPJaxuvRBoxQR1kiQxMtEIYS+xAv/er/nX9yg0iKOzqibYCOEdiRaggMZqVle9zpAmSdNIoB8uyAeiRD18knTI7ylbDc4zVeusoNV7wAlQd4sV5yq04f9l7gFqbACR83ymxfEPA0xIi5B67rrJNTIQJHgEvOSl2pMgF9DG+uGRmC2N7L+dbm9ZJTAbsXKvIjsvvo9kUGodTf0zWQI1NG/vZ74n1dPqbXVyESUpIQR/1rUSqVNsd2ryg6EQk6yawhwJcxfbd4BBZxMoSVTgvv75L/kfK3qblQ3jtcrO3tFHWNsgS2yZeayTbbDDtkRqzHO7tgDe2LP1r31aL1Yr1+jA1aRmWc/YL1/AkKYoqQ=</latexit>

ω̂ = ω→ (RAdS)
D→!

<latexit sha1_base64="kJPtIlEtmo6+K82iKhiSfx/wBWc=">AAAB8XicbVBNS8NAEN34WetX1aOXYBHqpSQi1YOHoj14rGA/sA1ls520SzebsDsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/xYcI2O822trK6tb2zmtvLbO7t7+4WDw6aOEsWgwSIRqbZPNQguoYEcBbRjBTT0BbT80e3Ubz2B0jySDziOwQvpQPKAM4pGeix1ayCQXtfOeoWiU3ZmsJeJm5EiyVDvFb66/YglIUhkgmrdcZ0YvZQq5EzAJN9NNMSUjegAOoZKGoL20tnFE/vUKH07iJQpifZM/T2R0lDrceibzpDiUC96U/E/r5NgcOWlXMYJgmTzRUEibIzs6ft2nytgKMaGUKa4udVmQ6ooQxNS3oTgLr68TJrnZbdSrtxfFKs3WRw5ckxOSIm45JJUyR2pkwZhRJJn8kreLG29WO/Wx7x1xcpmjsgfWJ8/PbqQAA==</latexit>

(! < D)



QFT in AdS <latexit sha1_base64="MDs753TAweBI5dEdJD0WsKemOUo=">AAACHXicbVDJSgNBFOxxN25Rj14Gg6AHw4yIehHcDh7dokImhjc9L0ljz0L3GzEM8yNe/BUvHhTx4EX8GztxDm4FDUXVK16/8hMpNDnOhzUwODQ8Mjo2XpqYnJqeKc/Ones4VRxrPJaxuvRBoxQR1kiQxMtEIYS+xAv/er/nX9yg0iKOzqibYCOEdiRaggMZqVle9zpAmSdNIoB8uyAeiRD18knTI7ylbDc4zVeusoNV7wAlQd4sV5yq04f9l7gFqbACR83ymxfEPA0xIi5B67rrJNTIQJHgEvOSl2pMgF9DG+uGRmC2N7L+dbm9ZJTAbsXKvIjsvvo9kUGodTf0zWQI1NG/vZ74n1dPqbXVyESUpIQR/1rUSqVNsd2ryg6EQk6yawhwJcxfbd4BBZxMoSVTgvv75L/kfK3qblQ3jtcrO3tFHWNsgS2yZeayTbbDDtkRqzHO7tgDe2LP1r31aL1Yr1+jA1aRmWc/YL1/AkKYoqQ=</latexit>

ω̂ = ω→ (RAdS)
D→!

• This process is equivalent to setting AdS radius = 1, and change the coupling.


• No dynamical gravity.


• Conformal boundary condition: d-dimensional boundary CFT (nonlocal)


• Boundary operator expansion (BOE)

<latexit sha1_base64="ixGNqSPFTTO31xbRHZPYrVenjTQ=">AAACDXicbVDLSsNAFJ34rPUVdelmsAoVSklEqstiXYirCvYBTQiTyaQdO3k4MxFKyA+48VfcuFDErXt3/o3TNgttPXDhcM693HuPGzMqpGF8awuLS8srq4W14vrG5ta2vrPbFlHCMWnhiEW86yJBGA1JS1LJSDfmBAUuIx132Bj7nQfCBY3CWzmKiR2gfkh9ipFUkqMfWmnZuiRMIodWrh16bGUV6z5BHrTShpPSu2FmZY5eMqrGBHCemDkpgRxNR/+yvAgnAQklZkiInmnE0k4RlxQzkhWtRJAY4SHqk56iIQqIsNPJNxk8UooH/YirCiWcqL8nUhQIMQpc1RkgORCz3lj8z+sl0j+3UxrGiSQhni7yEwZlBMfRQI9ygiUbKYIwp+pWiAeIIyxVgEUVgjn78jxpn1TNWrV2c1qqX+RxFMA+OABlYIIzUAdXoAlaAINH8AxewZv2pL1o79rHtHVBy2f2wB9onz+NrJtG</latexit>

{(!i, Ji)}, {Cijk}

<latexit sha1_base64="zweFeB1pgded6s/7T7YDcr7yTP4="></latexit>

!(z, x) =
∑

i

b!i
[
z”iOi + descendants

]



QFT in AdS <latexit sha1_base64="MDs753TAweBI5dEdJD0WsKemOUo=">AAACHXicbVDJSgNBFOxxN25Rj14Gg6AHw4yIehHcDh7dokImhjc9L0ljz0L3GzEM8yNe/BUvHhTx4EX8GztxDm4FDUXVK16/8hMpNDnOhzUwODQ8Mjo2XpqYnJqeKc/Ones4VRxrPJaxuvRBoxQR1kiQxMtEIYS+xAv/er/nX9yg0iKOzqibYCOEdiRaggMZqVle9zpAmSdNIoB8uyAeiRD18knTI7ylbDc4zVeusoNV7wAlQd4sV5yq04f9l7gFqbACR83ymxfEPA0xIi5B67rrJNTIQJHgEvOSl2pMgF9DG+uGRmC2N7L+dbm9ZJTAbsXKvIjsvvo9kUGodTf0zWQI1NG/vZ74n1dPqbXVyESUpIQR/1rUSqVNsd2ryg6EQk6yawhwJcxfbd4BBZxMoSVTgvv75L/kfK3qblQ3jtcrO3tFHWNsgS2yZeayTbbDDtkRqzHO7tgDe2LP1r31aL1Yr1+jA1aRmWc/YL1/AkKYoqQ=</latexit>

ω̂ = ω→ (RAdS)
D→!

• This process is equivalent to setting AdS radius = 1, and change the coupling.


• No dynamical gravity.


• Conformal boundary condition: d-dimensional boundary CFT (nonlocal)


• Boundary operator expansion (BOE)

<latexit sha1_base64="ixGNqSPFTTO31xbRHZPYrVenjTQ=">AAACDXicbVDLSsNAFJ34rPUVdelmsAoVSklEqstiXYirCvYBTQiTyaQdO3k4MxFKyA+48VfcuFDErXt3/o3TNgttPXDhcM693HuPGzMqpGF8awuLS8srq4W14vrG5ta2vrPbFlHCMWnhiEW86yJBGA1JS1LJSDfmBAUuIx132Bj7nQfCBY3CWzmKiR2gfkh9ipFUkqMfWmnZuiRMIodWrh16bGUV6z5BHrTShpPSu2FmZY5eMqrGBHCemDkpgRxNR/+yvAgnAQklZkiInmnE0k4RlxQzkhWtRJAY4SHqk56iIQqIsNPJNxk8UooH/YirCiWcqL8nUhQIMQpc1RkgORCz3lj8z+sl0j+3UxrGiSQhni7yEwZlBMfRQI9ygiUbKYIwp+pWiAeIIyxVgEUVgjn78jxpn1TNWrV2c1qqX+RxFMA+OABlYIIzUAdXoAlaAINH8AxewZv2pL1o79rHtHVBy2f2wB9onz+NrJtG</latexit>

{(!i, Ji)}, {Cijk}

<latexit sha1_base64="zweFeB1pgded6s/7T7YDcr7yTP4="></latexit>

!(z, x) =
∑

i

b!i
[
z”iOi + descendants

]

<latexit sha1_base64="fwD5utdRZQPy54ZuoBb3uFl7Guw=">AAACCnicbVC7TsMwFHV4lvIKMLIEKiQGVCUIFcYKFsYi0YfUhMhxnNaq4wTbQaqszCz8CgsDCLHyBWz8DW6aAVqOdKWjc+617z1BSomQtv1tLCwuLa+sVtaq6xubW9vmzm5HJBlHuI0SmvBeAAWmhOG2JJLiXsoxjAOKu8HoauJ3HzAXJGG3cpxiL4YDRiKCoNSSbx6cKLd4RXEc5u59BkNXBXfKbQ1J7hM3z32zZtftAtY8cUpSAyVavvnlhgnKYswkolCIvmOn0lOQS4IozqtuJnAK0QgOcF9TBmMsPFUskVtHWgmtKOG6mLQK9feEgrEQ4zjQnTGUQzHrTcT/vH4mowtPEZZmEjM0/SjKqCUTa5KLFRKOkaRjTSDiRO9qoSHkEEmdXlWH4MyePE86p3WnUW/cnNWal2UcFbAPDsExcMA5aIJr0AJtgMAjeAav4M14Ml6Md+Nj2rpglDN74A+Mzx+kIZuG</latexit>

, {b!i }



<latexit sha1_base64="31+0Tw16bxYEdmm410xa7rH0o9Y="></latexit>

{!i(ω)}, {Cijk(ω)} {b!i (ω)}

<latexit sha1_base64="7OX8Q8WVVbFF5J3dRhVC7PP4fmU="></latexit>

How do these data flow from ω = 0 to ω = →?



<latexit sha1_base64="31+0Tw16bxYEdmm410xa7rH0o9Y="></latexit>

{!i(ω)}, {Cijk(ω)} {b!i (ω)}
<latexit sha1_base64="7OX8Q8WVVbFF5J3dRhVC7PP4fmU="></latexit>

How do these data flow from ω = 0 to ω = →?

Wilson already told us the answer, in the context of RG flow.

RG: consider infinitesimal change of the scale.

<latexit sha1_base64="1r2vgULPtrey5Z1ntECUWEb7VzA="></latexit>

µ → µ+ ωµ ↑ dg

d logµ
= ε(g)



<latexit sha1_base64="31+0Tw16bxYEdmm410xa7rH0o9Y="></latexit>

{!i(ω)}, {Cijk(ω)} {b!i (ω)}
<latexit sha1_base64="7OX8Q8WVVbFF5J3dRhVC7PP4fmU="></latexit>

How do these data flow from ω = 0 to ω = →?

<latexit sha1_base64="J6HV6MPk/5k+f6330gC2DPR5Z1I="></latexit>

dX

dω
= F (X), X = (!1,!2, . . . , C123, . . . , b

!
1 , . . .)

Here: consider infinitesimal change of the coupling.

Similar idea was explored for QFT in flat space


and exactly marginal deformation of 1D CFT 

[Holland, Hollands, Wald,…]

[Behan]

<latexit sha1_base64="cxQgqtUEUu0IQpA9ShvJQrHowQc="></latexit>

SQFT(ω) → SQFT(ω) + εω

∫

AdS
!

1st order perturbation theory



From now on, I will focus on            (hyperbolic disk)
<latexit sha1_base64="VYqYcy1VAQ6H+AfM0itRtspI4Cg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laRI9Vj14rGi/YAmlM1m2y7dbMLuRCyhf8OLB0W8+me8+W/ctjlo64OBx3szzMwLEsE1Os63tbK6tr6xWdgqbu/s7u2XDg5bOk4VZU0ai1h1AqKZ4JI1kaNgnUQxEgWCtYPRzdRvPzKleSwfcJwwPyIDyfucEjSS5yF7wuwqvJ/0qr1S2ak4M9jLxM1JGXI0eqUvL4xpGjGJVBCtu66ToJ8RhZwKNil6qWYJoSMyYF1DJYmY9rPZzRP71Cih3Y+VKYn2TP09kZFI63EUmM6I4FAvelPxP6+bYv/Sz7hMUmSSzhf1U2FjbE8DsEOuGEUxNoRQxc2tNh0SRSiamIomBHfx5WXSqlbcWqV2d16uX+dxFOAYTuAMXLiAOtxCA5pAIYFneIU3K7VerHfrY966YuUzR/AH1ucP6yORnw==</latexit>

AdS2

<latexit sha1_base64="Y5+jJHQZmNq/RigShcsKYXpL5bU=">AAACFHicbVDLSgMxFM3UV62vqks3wSJUKmVmkOpGKbpxWcE+oDMtmUymDc08TDJCO/Qj3Pgrblwo4taFO//GTNuFth64l8M595Lc40SMCqnr31pmaXlldS27ntvY3Nreye/uNUQYc0zqOGQhbzlIEEYDUpdUMtKKOEG+w0jTGVynfvOBcEHD4E4OI2L7qBdQj2IkldTNl1zRMS8sjyOcuJZEcccsuaOOOU7SZt3HyIXF0aV+bJ2Uu/mCXtYngIvEmJECmKHWzX9ZbohjnwQSMyRE29AjaSeIS4oZGeesWJAI4QHqkbaiAfKJsJPJUWN4pBQXeiFXFUg4UX9vJMgXYug7atJHsi/mvVT8z2vH0ju3ExpEsSQBnj7kxQzKEKYJQZdygiUbKoIwp+qvEPeRCkiqHHMqBGP+5EXSMMtGpVy5PS1Ur2ZxZMEBOARFYIAzUAU3oAbqAINH8AxewZv2pL1o79rHdDSjzXb2wR9onz+aGp1D</latexit>

ds2 =
dω2 + dz2

z2
(z > 0) .



<latexit sha1_base64="Ak7U001mj7jmCMEmkNSKOk7eA8U="></latexit>

→Oi(ω1)Oi(ω2)↑ =
1

|ω1 ↓ ω2|2!i
Measured in

<latexit sha1_base64="f7c7p6Vcyt5Ua/QdZcFZK+helQU=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi1WVRFy4r2Ac0IdxMJu3QyYOZiVJiP8WNC0Xc+iXu/BunbRbaemDgcM493DvHTzmTyrK+jZXVtfWNzdJWeXtnd2/frBx0ZJIJQtsk4Yno+SApZzFtK6Y47aWCQuRz2vVH11O/+0CFZEl8r8YpdSMYxCxkBJSWPLPi3FCuwGM1h+tUAKeeWbXq1gx4mdgFqaICLc/8coKEZBGNFeEgZd+2UuXmIBQjnE7KTiZpCmQEA9rXNIaISjefnT7BJ1oJcJgI/WKFZ+rvRA6RlOPI15MRqKFc9Kbif14/U+Glm7M4zRSNyXxRmHGsEjztAQdMUKL4WBMggulbMRmCAKJ0W2Vdgr345WXSOavbjXrj7rzavCrqKKEjdIxqyEYXqIluUQu1EUGP6Bm9ojfjyXgx3o2P+eiKUWQO0R8Ynz9wJpN8</latexit>

!i(ω)

d!i

dω
= OiOi

∑

l

b!̂l Ol

∫
!̂

db!̂i
dω

=
dCijk

dω
=



<latexit sha1_base64="Ak7U001mj7jmCMEmkNSKOk7eA8U="></latexit>

→Oi(ω1)Oi(ω2)↑ =
1

|ω1 ↓ ω2|2!i
Measured in

<latexit sha1_base64="f7c7p6Vcyt5Ua/QdZcFZK+helQU=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqpiQi1WVRFy4r2Ac0IdxMJu3QyYOZiVJiP8WNC0Xc+iXu/BunbRbaemDgcM493DvHTzmTyrK+jZXVtfWNzdJWeXtnd2/frBx0ZJIJQtsk4Yno+SApZzFtK6Y47aWCQuRz2vVH11O/+0CFZEl8r8YpdSMYxCxkBJSWPLPi3FCuwGM1h+tUAKeeWbXq1gx4mdgFqaICLc/8coKEZBGNFeEgZd+2UuXmIBQjnE7KTiZpCmQEA9rXNIaISjefnT7BJ1oJcJgI/WKFZ+rvRA6RlOPI15MRqKFc9Kbif14/U+Glm7M4zRSNyXxRmHGsEjztAQdMUKL4WBMggulbMRmCAKJ0W2Vdgr345WXSOavbjXrj7rzavCrqKKEjdIxqyEYXqIluUQu1EUGP6Bm9ojfjyXgx3o2P+eiKUWQO0R8Ynz9wJpN8</latexit>

!i(ω)

d!i

dω
= OiOi

∑

l

b!̂l Ol

∫
!̂

db!̂i
dω

=
dCijk

dω
=

actually only depend on 
<latexit sha1_base64="a578Tp2HGx76bhr8nsePNNbwU9Y=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTP3WE2gjYvWA4wT8iA2UCAVnaKV29xYksp7slcpuxZ2BLhMvJ2WSo94rfXX7MU8jUMglM6bjuQn6GdMouIRJsZsaSBgfsQF0LFUsAuNns3sn9NQqfRrG2pZCOlN/T2QsMmYcBbYzYjg0i95U/M/rpBhe+ZlQSYqg+HxRmEqKMZ0+T/tCA0c5toRxLeytlA+ZZhxtREUbgrf48jJpnle8aqV6f1GuXedxFMgxOSFnxCOXpEbuSJ00CCeSPJNX8uY8Oi/Ou/Mxb11x8pkj8gfO5w/moo/m</latexit>

!l

<latexit sha1_base64="XQrUVSv58KwwuFrl/QxutM0HdOI="></latexit>

=
∑

l

b!̂l Ciil I”i(!l)

<latexit sha1_base64="DvEH1q0dwJo1qJkG8KPtd1lHRRY="></latexit>∫

AdS
dx→!̂(x)OiOi↑



Measured in
<latexit sha1_base64="tRwm4ar/1/QNe6MaoQo360wrzFU=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyURqS6LblxWsA9oYphMJs3QySTMTIQSght/xY0LRdz6Fe78G6dtFtp6YOBwzj3cucdPGZXKsr6NpeWV1bX1ykZ1c2t7Z9fc2+/KJBOYdHDCEtH3kSSMctJRVDHSTwVBsc9Izx9dT/zeAxGSJvxOjVPixmjIaUgxUlryzEP/PncipHKnHdGi8GjdYTodoFPPrFkNawq4SOyS1ECJtmd+OUGCs5hwhRmScmBbqXJzJBTFjBRVJ5MkRXiEhmSgKUcxkW4+PaGAJ1oJYJgI/biCU/V3IkexlOPY15MxUpGc9ybif94gU+Glm1OeZopwPFsUZgyqBE76gAEVBCs21gRhQfVfIY6QQFjp1qq6BHv+5EXSPWvYzUbz9rzWuirrqIAjcAzqwAYXoAVuQBt0AAaP4Bm8gjfjyXgx3o2P2eiSUWYOwB8Ynz8tnJdM</latexit>

b!̂i (ω)
<latexit sha1_base64="G75JyQho9vZ6U85rBhVzP0od67I="></latexit>

→!̂(ω1, z1)Oi(ω2)↑ = b!̂i

(
z1

(ω1 ↓ ω2)2 + z21

)”i

d!i

dω
= db!̂i

dω
= Oi

∑

j

b!̂j Oj

∑

l

b!̂l Ol

!̂

∫
!̂

dCijk

dω
=

<latexit sha1_base64="UhYC+NfvyxzmDCUzMtGLxLDnISo="></latexit>

=
∑

l,j

b!̂l b!̂j
Cilj + Cijl

2
J”i(!l,!j)

D=2 is special



Measured in
<latexit sha1_base64="JxImBLOGNbF5dDzS6UOFCeF/9I8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjsxWMF+wFtKJvtpl272YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecJJwP6JDJULBKFqpXe9n4nE87ZfKbsWdg6wSLydlyNHol756g5ilEVfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGupohE3fjY/d0rOrTIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQ0YbgLb+8SlqXFa9aqd5flWu3eRwFOIUzuAAPrqEGd9CAJjAYwzO8wpuTOC/Ou/OxaF1z8pkT+APn8wdo34+j</latexit>

Cijk

<latexit sha1_base64="QUL2F83D3evFTDiYDXM7KvVcZ0s="></latexit>

→Oi(ω1)Oj(ω2)Ok(ω3)↑ =
Cijk

|ω12|!ijk |ω23|!jki |ω23|!kij

<latexit sha1_base64="RWssHPoGXC8plHo0qH2RGD2rzVo=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZSkSnXhoujGZQX7gDaEyXTSDp1MwsxEKLELf8WNC0Xc+hvu/BunaRbaemC4h3Pu5d45fsyoVLb9bSwtr6yurRc2iptb2zu75t5+S0aJwKSJIxaJjo8kYZSTpqKKkU4sCAp9Rtr+6Gbqtx+IkDTi92ocEzdEA04DipHSkmcelnsKJZ5zlZXqrJydembJrtgZrEXi5KQEORqe+dXrRzgJCVeYISm7jh0rN0VCUczIpNhLJIkRHqEB6WrKUUikm2b3T6wTrfStIBL6cWVl6u+JFIVSjkNfd4ZIDeW8NxX/87qJCi7dlPI4UYTj2aIgYZaKrGkYVp8KghUba4KwoPpWCw+RQFjpyIo6BGf+y4ukVa04tUrt7rxUv87jKMARHEMZHLiAOtxCA5qA4RGe4RXejCfjxXg3PmatS0Y+cwB/YHz+AEfQlQA=</latexit>

(ω1 < ω2 < ω3)

d!i

dω
= db!̂i

dω
=

dCijk

dω
= Oj

Oi

Ok ∑

l

b!̂l Ol

∫
!̂

<latexit sha1_base64="wUbZunEEp+my7GmUxOZrgXfXcck="></latexit>

=
∑

l,m

b!̂l Cjkm

(
CilmK”i,”j ,”k(!l,!m) + CimlK”i,”k,”j (!l,!m)

)

+ cyclic permutations of ijk



Measured in
<latexit sha1_base64="JxImBLOGNbF5dDzS6UOFCeF/9I8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjsxWMF+wFtKJvtpl272YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3FtRKwecJJwP6JDJULBKFqpXe9n4nE87ZfKbsWdg6wSLydlyNHol756g5ilEVfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGupohE3fjY/d0rOrTIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQ0YbgLb+8SlqXFa9aqd5flWu3eRwFOIUzuAAPrqEGd9CAJjAYwzO8wpuTOC/Ou/OxaF1z8pkT+APn8wdo34+j</latexit>

Cijk

<latexit sha1_base64="QUL2F83D3evFTDiYDXM7KvVcZ0s="></latexit>

→Oi(ω1)Oj(ω2)Ok(ω3)↑ =
Cijk

|ω12|!ijk |ω23|!jki |ω23|!kij

<latexit sha1_base64="RWssHPoGXC8plHo0qH2RGD2rzVo=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZSkSnXhoujGZQX7gDaEyXTSDp1MwsxEKLELf8WNC0Xc+hvu/BunaRbaemC4h3Pu5d45fsyoVLb9bSwtr6yurRc2iptb2zu75t5+S0aJwKSJIxaJjo8kYZSTpqKKkU4sCAp9Rtr+6Gbqtx+IkDTi92ocEzdEA04DipHSkmcelnsKJZ5zlZXqrJydembJrtgZrEXi5KQEORqe+dXrRzgJCVeYISm7jh0rN0VCUczIpNhLJIkRHqEB6WrKUUikm2b3T6wTrfStIBL6cWVl6u+JFIVSjkNfd4ZIDeW8NxX/87qJCi7dlPI4UYTj2aIgYZaKrGkYVp8KghUba4KwoPpWCw+RQFjpyIo6BGf+y4ukVa04tUrt7rxUv87jKMARHEMZHLiAOtxCA5qA4RGe4RXejCfjxXg3PmatS0Y+cwB/YHz+AEfQlQA=</latexit>

(ω1 < ω2 < ω3)

d!i

dω
= db!̂i

dω
=

dCijk

dω
= Oj

Oi

Ok ∑

l

b!̂l Ol

∫
!̂

<latexit sha1_base64="wUbZunEEp+my7GmUxOZrgXfXcck="></latexit>

=
∑

l,m

b!̂l Cjkm

(
CilmK”i,”j ,”k(!l,!m) + CimlK”i,”k,”j (!l,!m)

)

+ cyclic permutations of ijk

Ok(ω3)Oi(ω1)

Oj(ω2)

s-channel

t-channel

u-channel

ε13
= ε23

ε
12 = ε

13

ε
1
2
=

ε
2
3



So we get a set of ODEs
<latexit sha1_base64="1Au3bTW0MyrZu35QyC73WCRLkic="></latexit>

d!i

dω
=

∑

l

b!̂l CiilI(!l)

db!̂i
dω

=
∑

j,l

b!̂l b
!̂
j
Clji + Clij

2
J”i(!l,!j)

dCijk

dω
=

∑

m,l

(
b!̂l ClimCmjkK”i”j”k(!l,!m) + b!̂l CilmCmjkK”i”k”j (!l,!m)

)

+ (ijk) → (jki) + (ijk) → (kij)

Play with it!



It doesn’t work, even in the free theory.

<latexit sha1_base64="4p02fbrF+deENn2BR29TRZlj/4w="></latexit>

S =

∫

AdS2

[
(ωε)2 + ϑε2

]
, mass deformation



<latexit sha1_base64="gTzB0AzKYBrX1oOStTuZfZzZRJc="></latexit>

d!i

dω
=

∑

l

b!̂l CiilI(!l)Play with

<latexit sha1_base64="EGaPI9LxUNuNljIXcFtRuAIZ5d0="></latexit>

b!̂l → !
”!̂→3/4
l , Ciil → 2→”l!2”i→3/4

l , I(!l) →
2”l

!l
, (!l ↑ ↓).

<latexit sha1_base64="HcNc0B3dxVtDUbkgsK4AGy9/c34="></latexit> ∑

!l↭!max

∣∣∣b”̂l Ciil I(!l)
∣∣∣ →

∫ !max

d!l !
2!i+!!̂→5/2
l

Check absolute convergence



What’s wrong?
OPE convergence

• The OPE for bulk-boundary-boundary correlator does not converge everywhere. 

-

Up·
------↑

&
&

V
V &

OPE diverges in power law



What’s wrong?
OPE convergence

• The OPE for bulk-boundary-boundary correlator does not converge everywhere.


• Nevertheless, the full correlator is still finite at the “singular point”.


• The problem is just a bad choice of the basis.

<latexit sha1_base64="qd4rIcnL5QpLmXBmts2X3KLlsII=">AAACN3icbVDLSgMxFM34tr6qLt0Ei+CqzIhUl74WrkTRqtCUIZO51WAmMyZ3xDL0r9z4G+5040IRt/6B6WOh1QOBwzn3cHNPlClp0fefvZHRsfGJyanp0szs3PxCeXHp3Ka5EVAXqUrNZcQtKKmhjhIVXGYGeBIpuIhu9rv+xR0YK1N9hu0Mmgm/0rIlBUcnheUjZvMkLNgBKOSh6jDKpMaQIdxjsRufdthtzmOm4bZPhkw6FA/LFb/q90D/kmBAKmSA47D8xOJU5AloFIpb2wj8DJsFNyiFgk6J5RYyLm74FTQc1TwB2yx6d3fomlNi2kqNexppT/2ZKHhibTuJ3GTC8doOe13xP6+RY2u7WUid5Qha9Be1ckUxpd0SaSwNCFRtR7gw0v2VimtuuEBXdcmVEAyf/Jecb1SDWrV2slnZ2RvUMUVWyCpZJwHZIjvkkByTOhHkgbyQN/LuPXqv3of32R8d8QaZZfIL3tc3lZauyA==</latexit>∑

!l

∫

AdS
→=

∫

AdS

∑

!l



What’s wrong?
OPE convergence

• Maybe eclipse is rare, we can try to improve in some smarter way?

-

Up·
------↑

&
&

V
V &



What’s wrong?
OPE convergence

• Maybe eclipse is rare, we can try to improve in some smart way?


• Not true for bulk + 3 boundary
Ok(ω3)Oi(ω1)

Oj(ω2)



Improve OPE convergence
• We have to find a better basis to expand correlators.


• Conformal block                 local block


• Claim: in a generic unitary theory, the new sum converges uniformly when 


• The final result does not depend on 

<latexit sha1_base64="Skpha8Zrax70TGzZi+DiGZPnKJI="></latexit>

→!̂(ω, z)Oi(ω1)Oj(ω2)↑ =
∑

l

b!̂l ClijG
”i ”j

”l
(ω, z, ω1, ω2) =

∑

l

b!̂l ClijG
”i ”j (ω)
”l

(ω, z, ω1, ω2) .

<latexit sha1_base64="bF/qt46dTxwrChSu8ZRwZDRmDa8=">AAACInicbZDLSsNAFIYn3q23qEs3wSIoQkmKeNmIqAuXFewFmlJOphMzdnJh5kQoIc/ixldx40JRV4IP47RGUOsPAx//OYcz5/cSwRXa9rsxMTk1PTM7N19aWFxaXjFX1xoqTiVldRqLWLY8UEzwiNWRo2CtRDIIPcGaXv9sWG/eMql4HF3hIGGdEK4j7nMKqK2ueeSCSAI4dn0JNHPyrJpvu+dMIHT5bgE335C5AWDm1gKe5ztds2xX7JGscXAKKJNCta756vZimoYsQipAqbZjJ9jJQCKnguUlN1UsAdqHa9bWGEHIVCcbnZhbW9rpWX4s9YvQGrk/JzIIlRqEnu4MAQP1tzY0/6u1U/QPOxmPkhRZRL8W+amwMLaGeVk9LhlFMdAAVHL9V4sGoMNCnWpJh+D8PXkcGtWKs1/Zv9wrn5wWccyRDbJJtolDDsgJuSA1UieU3JEH8kSejXvj0Xgx3r5aJ4xiZp38kvHxCX67pEo=</latexit>

ω >
1

2
(!i +!j +!!̂)

[A. Hamilton, D.N. Kabat, G. Lifschytz and D.A. Lowe]
[M. Paulos, N. Levine] [M. Meineri, J. Penedones, T. Spirig]

<latexit sha1_base64="LN/IUMhRUIYtffon8f17KWClfJg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUCbbTbt2sxt2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVhDaJ5FJ1QtSUM0GbhhlOO4miGIectsPx7cxvP1GlmRQPZpLQIMahYBEjaKzU6iFPRtgvV7yqN4e7SvycVCBHo1/+6g0kSWMqDOGoddf3EhNkqAwjnE5LvVTTBMkYh7RrqcCY6iCbXzt1z6wycCOpbAnjztXfExnGWk/i0HbGaEZ62ZuJ/3nd1ETXQcZEkhoqyGJRlHLXSHf2ujtgihLDJ5YgUcze6pIRKiTGBlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJBB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AI8TjyM=</latexit>ω



Now we get an improved set of ODEs:

Play with it!

<latexit sha1_base64="NyOGjWzI9De7bElg/YvYGyQAm2g="></latexit>

d!i

dω
=

∑

l

b!̂l CiilI(ωi)(!l)

db!̂i
dω

=
∑

j,l

b!̂l b
!̂
j
Clji + Clij

2
J (ωij)
”i

(!l,!j)

dCijk

dω
=

∑

m,l

(
b!̂l ClimCmjkK(ωim)

”i”j”k
(!l,!m) + b!̂l CilmCmjkK(εim)

”i”k”j
(!l,!m)

)

+ (ijk) → (jki) + (ijk) → (kij)



Play with

Check absolute convergence

<latexit sha1_base64="TZOrzJknbUnS9LY5ALNlqx/JCw0="></latexit>

d!i

dω
=

∑

l

b!̂l CiilI(ωi)(!l)

<latexit sha1_base64="sh8s8eDGGTGW1aaiu3a7L1YGarE="></latexit>

I(!l) →↑ I(ωi)(!l) ↓
2!l

!l
!3/2→2ωi

l sin(ωi →!l/2)

<latexit sha1_base64="3ITsE43UTtCRuDgP2EiuSv1ApzI="></latexit> ∑

!l↭!max

∣∣∣b”̂l Ciil I(ωi)(!l)
∣∣∣ →

∫ !max

d!l !
2!i+!!̂→2ωi→1
l

Recall the condition for uniform convergence:
<latexit sha1_base64="0KrdljVi0y/2G680B237eDIAcTU=">AAACGXicbZDLSsNAFIYnXmu9VV26CRZBEEpSpLqSoi5cVrAXaEo5mU6aoZMLMydCCXkNN76KGxeKuNSVb+O0zUJbfxj4+M85nDm/Gwuu0LK+jaXlldW19cJGcXNre2e3tLffUlEiKWvSSESy44JigoesiRwF68SSQeAK1nZH15N6+4FJxaPwHscx6wUwDLnHKaC2+iXLARH70OeXzg0TqOHU8STQ1M7SapZ7qeMDpk7D51nWL5WtijWVuQh2DmWSq9EvfTqDiCYBC5EKUKprWzH2UpDIqWBZ0UkUi4GOYMi6GkMImOql08sy81g7A9OLpH4hmlP390QKgVLjwNWdAaCv5msT879aN0HvopfyME6QhXS2yEuEiZE5ickccMkoirEGoJLrv5rUBx0M6jCLOgR7/uRFaFUrdq1Suzsr16/yOArkkByRE2KTc1Int6RBmoSSR/JMXsmb8WS8GO/Gx6x1ychnDsgfGV8/V5ChLQ==</latexit>

ωi > !i +
1

2
!!̂

same



• We My collaborators also checked many free-theory examples, also for the 
other two equations.


• Standard conformal block expansion


• Local block expansion


• Strongly recommend: talk by Manuel Loparco at Bootstrap 2025 (on Youtube)



Level repulsion
• A continuous family of theories (Hamiltonians)


• Unitarity + no symmetry                     no level crossing


• The simplest toy example is
<latexit sha1_base64="yEucRFEQqPI7zAXhM8M7MDkKOL8="></latexit>

M(t, ω) =

(
t ω
ω 1→ t

)

<latexit sha1_base64="QSBdn7z6kdX6i0kPOyJIqVd7Mt4="></latexit>

→ ω+ ↑ ω→ =
√

(1↑ 2t)2 + 4ε2

generic

[von Neumann, Wigner]
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<latexit sha1_base64="2Bxy2rVnf09incMGRj6VWmP7tiA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1YtQ9OKxgv3ANpTNdtIu3eyG3Y1QQv+FFw+KePXfePPfuG1z0OqDgcd7M8zMCxPOtPG8L6ewsrq2vlHcLG1t7+zulfcPWlqmimKTSi5VJyQaORPYNMxw7CQKSRxybIfjm5nffkSlmRT3ZpJgEJOhYBGjxFjpoYeJZlyKK69frnhVbw73L/FzUoEcjX75szeQNI1RGMqJ1l3fS0yQEWUY5Tgt9VKNCaFjMsSupYLEqINsfvHUPbHKwI2ksiWMO1d/TmQk1noSh7YzJmakl72Z+J/XTU10GWRMJKlBQReLopS7Rrqz990BU0gNn1hCqGL2VpeOiCLU2JBKNgR/+eW/pHVW9WvV2t15pX6dx1GEIziGU/DhAupwCw1oAgUBT/ACr452np03533RWnDymUP4BefjG0Z1kKw=</latexit>

ω = 0
<latexit sha1_base64="XxifkqQaEbVCMtkLifTYwOr/Lqg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSQi1YtQ9OKxgv2AJpTNdtMu3ewuuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL5aMauP7305pbX1jc6u8XdnZ3ds/qB4etbXIFCYtLJhQ3RhpwignLUMNI12pCEpjRjrx+G7md56I0lTwRzORJErRkNOEYmSsFIZEasoEv/G9oF+t+Z4/h7tKgoLUoECzX/0KBwJnKeEGM6R1L/CliXKkDMWMTCthpolEeIyGpGcpRynRUT6/eeqeWWXgJkLZ4sadq78ncpRqPUlj25kiM9LL3kz8z+tlJrmOcsplZgjHi0VJxlwj3FkA7oAqgg2bWIKwovZWF4+QQtjYmCo2hGD55VXSvvCCuld/uKw1bos4ynACp3AOAVxBA+6hCS3AIOEZXuHNyZwX5935WLSWnGLmGP7A+fwBKCKRHw==</latexit>

ω = 0.1
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<latexit sha1_base64="6xjb8k4hyYcHzpp4Ii/5JYiGU9o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1YtQ9OKxgv3ANpTNdtIu3eyG3Y1QQv+FFw+KePXfePPfuG1z0OqDgcd7M8zMCxPOtPG8L6ewsrq2vlHcLG1t7+zulfcPWlqmimKTSi5VJyQaORPYNMxw7CQKSRxybIfjm5nffkSlmRT3ZpJgEJOhYBGjxFjpoYeJZlyKK79frnhVbw73L/FzUoEcjX75szeQNI1RGMqJ1l3fS0yQEWUY5Tgt9VKNCaFjMsSupYLEqINsfvHUPbHKwI2ksiWMO1d/TmQk1noSh7YzJmakl72Z+J/XTU10GWRMJKlBQReLopS7Rrqz990BU0gNn1hCqGL2VpeOiCLU2JBKNgR/+eW/pHVW9WvV2t15pX6dx1GEIziGU/DhAupwCw1oAgUBT/ACr452np03533RWnDymUP4BefjG0f5kK0=</latexit>

ω = 1

<latexit sha1_base64="1NcaU6NJ5zOz+rNsZ9bWB8+rcVg="></latexit>Z2 symmetry

[ω3,M(t, ε = 0)] = 0



Back to our ODEs:
<latexit sha1_base64="hDdMoaArKgyXfAVNyYgP7AZtCpY="></latexit>

d!i

dω
=

∑

l

b!̂l CiilI(ωi)(!l)

db!̂i
dω

=
∑

j,l

b!̂l b
!̂
j
Clji + Clij

2
J (ωij)
”i

(!l,!j)

dCijk

dω
=

∑

m,l

(
b!̂l ClimCmjkK(ωim)

”i”j”k
(!l,!m) + b!̂l CilmCmjkK(ωim)

”i”k”j
(!l,!m)

)

+ (ijk) → (jki) + (ijk) → (kij)



Back to our ODEs:

<latexit sha1_base64="d05n6KXd1iBfnAvYiAn+yvfeJtk="></latexit>

→ I(ωij)(!l)

!i ↑!j
as !i ↓ !j

<latexit sha1_base64="hDdMoaArKgyXfAVNyYgP7AZtCpY="></latexit>

d!i

dω
=

∑

l

b!̂l CiilI(ωi)(!l)

db!̂i
dω

=
∑

j,l

b!̂l b
!̂
j
Clji + Clij

2
J (ωij)
”i

(!l,!j)

dCijk

dω
=

∑

m,l

(
b!̂l ClimCmjkK(ωim)

”i”j”k
(!l,!m) + b!̂l CilmCmjkK(ωim)

”i”k”j
(!l,!m)

)

+ (ijk) → (jki) + (ijk) → (kij)



Back to our ODEs:

<latexit sha1_base64="d05n6KXd1iBfnAvYiAn+yvfeJtk="></latexit>

→ I(ωij)(!l)

!i ↑!j
as !i ↓ !j

<latexit sha1_base64="hDdMoaArKgyXfAVNyYgP7AZtCpY="></latexit>

d!i

dω
=

∑

l

b!̂l CiilI(ωi)(!l)

db!̂i
dω

=
∑

j,l

b!̂l b
!̂
j
Clji + Clij

2
J (ωij)
”i

(!l,!j)

dCijk

dω
=

∑

m,l

(
b!̂l ClimCmjkK(ωim)

”i”j”k
(!l,!m) + b!̂l CilmCmjkK(ωim)

”i”k”j
(!l,!m)

)

+ (ijk) → (jki) + (ijk) → (kij)

<latexit sha1_base64="BjxsYtU0K+r6hge+txtQUS6uuM8="></latexit>

→ 1

2

I(ωim)(!l)

!i ↑!m
as !i ↓ !m



Level repulsion from ODEs
<latexit sha1_base64="PaPAKCd0TM+GrtBE57FbNxmvI54=">AAACL3icbVBNSwMxEM36bf2qevQSLIKnslukeiwq4rGi1UJ3Kdl0aoPZ7JLMikvpP/LiX/EioohX/4Vpu/hVBwKP9+bNZF6YSGHQdZ+dqemZ2bn5hcXC0vLK6lpxfePSxKnm0OCxjHUzZAakUNBAgRKaiQYWhRKuwpujoX51C9qIWF1glkAQsWsluoIztFS7eOIj3GH/PE2S2MDAp/4xSGRtz6KRwlTnm618sRqoHZtRLq2tPGgXS27ZHRWdBF4OSiSverv46HdinkagkEtmTMtzEwzsXBRcwqDgpwYSxm/YNbQsVCwCE/RH9w7ojmU6tBtr+xTSEfvT0WeRMVkU2s6IYc/81Ybkf1orxe5B0BcqSREUHy/qppJiTIfh0Y7QwFFmFjCuhf0r5T2mGUcbccGG4P09eRJcVspetVw92yvVDvM4FsgW2Sa7xCP7pEZOSZ00CCf35JG8kFfnwXly3pz3ceuUk3s2ya9yPj4BlbOp/g==</latexit>

Suppose !1 and !2 are very close.

<latexit sha1_base64="xr//N4NkfGLLl8bqLxYXSC6UIGA="></latexit>

d2!1

dω2
→ ”2

12 + ”12(b!̂1 C211 + b!̂2 C111)(I(ω)(!1)↑ I(ω)(!2))

2!12

<latexit sha1_base64="9R/8DqRKVA8pcuwt7kh60z4rW5A="></latexit>

where !12 :=
∑

l

b!̂l (C12l + C21l)I(ω)(”l)



Level repulsion from ODEs
<latexit sha1_base64="PaPAKCd0TM+GrtBE57FbNxmvI54=">AAACL3icbVBNSwMxEM36bf2qevQSLIKnslukeiwq4rGi1UJ3Kdl0aoPZ7JLMikvpP/LiX/EioohX/4Vpu/hVBwKP9+bNZF6YSGHQdZ+dqemZ2bn5hcXC0vLK6lpxfePSxKnm0OCxjHUzZAakUNBAgRKaiQYWhRKuwpujoX51C9qIWF1glkAQsWsluoIztFS7eOIj3GH/PE2S2MDAp/4xSGRtz6KRwlTnm618sRqoHZtRLq2tPGgXS27ZHRWdBF4OSiSverv46HdinkagkEtmTMtzEwzsXBRcwqDgpwYSxm/YNbQsVCwCE/RH9w7ojmU6tBtr+xTSEfvT0WeRMVkU2s6IYc/81Ybkf1orxe5B0BcqSREUHy/qppJiTIfh0Y7QwFFmFjCuhf0r5T2mGUcbccGG4P09eRJcVspetVw92yvVDvM4FsgW2Sa7xCP7pEZOSZ00CCf35JG8kFfnwXly3pz3ceuUk3s2ya9yPj4BlbOp/g==</latexit>

Suppose !1 and !2 are very close.

<latexit sha1_base64="Ssw0MnHOpaf9bQ+XOaVUmpRgj7E="></latexit>

d!12

dω
→

!12
∑

l b
!̂
l (C22l ↑ C11l)I(ω)(”l)

”12
= ↑!12

”12

d”12

dω

↓ !12 ↔ c

”12



Level repulsion from ODEs
<latexit sha1_base64="PaPAKCd0TM+GrtBE57FbNxmvI54=">AAACL3icbVBNSwMxEM36bf2qevQSLIKnslukeiwq4rGi1UJ3Kdl0aoPZ7JLMikvpP/LiX/EioohX/4Vpu/hVBwKP9+bNZF6YSGHQdZ+dqemZ2bn5hcXC0vLK6lpxfePSxKnm0OCxjHUzZAakUNBAgRKaiQYWhRKuwpujoX51C9qIWF1glkAQsWsluoIztFS7eOIj3GH/PE2S2MDAp/4xSGRtz6KRwlTnm618sRqoHZtRLq2tPGgXS27ZHRWdBF4OSiSverv46HdinkagkEtmTMtzEwzsXBRcwqDgpwYSxm/YNbQsVCwCE/RH9w7ojmU6tBtr+xTSEfvT0WeRMVkU2s6IYc/81Ybkf1orxe5B0BcqSREUHy/qppJiTIfh0Y7QwFFmFjCuhf0r5T2mGUcbccGG4P09eRJcVspetVw92yvVDvM4FsgW2Sa7xCP7pEZOSZ00CCf35JG8kFfnwXly3pz3ceuUk3s2ya9yPj4BlbOp/g==</latexit>

Suppose !1 and !2 are very close.

<latexit sha1_base64="xr//N4NkfGLLl8bqLxYXSC6UIGA="></latexit>

d2!1

dω2
→ ”2

12 + ”12(b!̂1 C211 + b!̂2 C111)(I(ω)(!1)↑ I(ω)(!2))

2!12

<latexit sha1_base64="9R/8DqRKVA8pcuwt7kh60z4rW5A="></latexit>

where !12 :=
∑

l

b!̂l (C12l + C21l)I(ω)(”l)
<latexit sha1_base64="dDweE8sAoX6jzpUtym6U64c0Ekk=">AAACG3icbVDLSgMxFM3UV62vqks3wSK4KjNFqsuiLtxZwT6gU0omvdOGJjNDkhFKmP9w46+4caGIK8GFf2P6WGjrgQuHc+5N7j1BwpnSrvvt5FZW19Y38puFre2d3b3i/kFTxamk0KAxj2U7IAo4i6ChmebQTiQQEXBoBaOrid96AKlYHN3rcQJdQQYRCxkl2kq9YsX400eMhH7m3woYkJ7xKpmvmMB+KAk1NDP+NXA9M7KsVyy5ZXcKvEy8OSmhOeq94qffj2kqINKUE6U6npvoriFSM8ohK/ipgoTQERlAx9KICFBdM10rwydW6eMwlrYijafq7wlDhFJjEdhOQfRQLXoT8T+vk+rwomtYlKQaIjr7KEw51jGeBIX7TALVfGwJoZLZXTEdEhuItnEWbAje4snLpFkpe9Vy9e6sVLucx5FHR+gYnSIPnaMaukF11EAUPaJn9IrenCfnxXl3PmatOWc+c4j+wPn6AZFJol8=</latexit>

!12 → c

”12

<latexit sha1_base64="/0TGqZV6+qYteUbkVfMxeD3z8tU="></latexit>

d
2!12

dω2
=

c
2

!3
12

+O

(
1

!2
12

)



Level repulsion from ODEs
<latexit sha1_base64="PaPAKCd0TM+GrtBE57FbNxmvI54=">AAACL3icbVBNSwMxEM36bf2qevQSLIKnslukeiwq4rGi1UJ3Kdl0aoPZ7JLMikvpP/LiX/EioohX/4Vpu/hVBwKP9+bNZF6YSGHQdZ+dqemZ2bn5hcXC0vLK6lpxfePSxKnm0OCxjHUzZAakUNBAgRKaiQYWhRKuwpujoX51C9qIWF1glkAQsWsluoIztFS7eOIj3GH/PE2S2MDAp/4xSGRtz6KRwlTnm618sRqoHZtRLq2tPGgXS27ZHRWdBF4OSiSverv46HdinkagkEtmTMtzEwzsXBRcwqDgpwYSxm/YNbQsVCwCE/RH9w7ojmU6tBtr+xTSEfvT0WeRMVkU2s6IYc/81Ybkf1orxe5B0BcqSREUHy/qppJiTIfh0Y7QwFFmFjCuhf0r5T2mGUcbccGG4P09eRJcVspetVw92yvVDvM4FsgW2Sa7xCP7pEZOSZ00CCf35JG8kFfnwXly3pz3ceuUk3s2ya9yPj4BlbOp/g==</latexit>

Suppose !1 and !2 are very close.

<latexit sha1_base64="9R/8DqRKVA8pcuwt7kh60z4rW5A="></latexit>

where !12 :=
∑

l

b!̂l (C12l + C21l)I(ω)(”l)

<latexit sha1_base64="dDweE8sAoX6jzpUtym6U64c0Ekk=">AAACG3icbVDLSgMxFM3UV62vqks3wSK4KjNFqsuiLtxZwT6gU0omvdOGJjNDkhFKmP9w46+4caGIK8GFf2P6WGjrgQuHc+5N7j1BwpnSrvvt5FZW19Y38puFre2d3b3i/kFTxamk0KAxj2U7IAo4i6ChmebQTiQQEXBoBaOrid96AKlYHN3rcQJdQQYRCxkl2kq9YsX400eMhH7m3woYkJ7xKpmvmMB+KAk1NDP+NXA9M7KsVyy5ZXcKvEy8OSmhOeq94qffj2kqINKUE6U6npvoriFSM8ohK/ipgoTQERlAx9KICFBdM10rwydW6eMwlrYijafq7wlDhFJjEdhOQfRQLXoT8T+vk+rwomtYlKQaIjr7KEw51jGeBIX7TALVfGwJoZLZXTEdEhuItnEWbAje4snLpFkpe9Vy9e6sVLucx5FHR+gYnSIPnaMaukF11EAUPaJn9IrenCfnxXl3PmatOWc+c4j+wPn6AZFJol8=</latexit>

!12 → c

”12

<latexit sha1_base64="/0TGqZV6+qYteUbkVfMxeD3z8tU="></latexit>

d
2!12

dω2
=

c
2

!3
12

+O

(
1

!2
12

)
V(0 ,2)

X-aL
O

> Diz[Behan]Similar result in 1D CFT



Summary
• QFT in AdS “=”


• Its relevant deformation is described by ODEs.


• Implicitly assumed unitarity + some very mild condition.


• No assumption of parity symmetry.


• Nonperturbative.


• Mechanism of level repulsion.


• No free lunch: need CFT data as initial conditions.

<latexit sha1_base64="hSQtGoVeRpQlSuzp3oTK2GWC4tQ=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQwBCwm7ItEyGAvLCOYC2XWZncwmY2YvzJwVwrJPYOOr2FgoYmtt59s4uRSa+MPAx3/O4cz5/URwBZb1bSwtr6yurRc2iptb2zu75t5+S8WppKxJYxHLjk8UEzxiTeAgWCeRjIS+YG1/WB/X2w9MKh5HtzBKmBuSfsQDTgloyzPLzhUTQDx+4uC6l/H7Ya7Jv8ucAYHMaQx4nnvcM0tWxZoIL4I9gxKaqeGZX04vpmnIIqCCKNW1rQTcjEjgVLC86KSKJYQOSZ91NUYkZMrNJufkuKydHg5iqV8EeOL+nshIqNQo9HVnSGCg5mtj879aN4Xgws14lKTAIjpdFKQCQ4zH2eAel4yCGGkgVHL9V0wHRBIKOsGiDsGeP3kRWqcVu1qp3pyVapezOAroEB2hY2Sjc1RD16iBmoiiR/SMXtGb8WS8GO/Gx7R1yZjNHKA/Mj5/ALAVm+w=</latexit>

!i, Cijk, b!̂i



What I didn’t discussed…

• Analyticity and upper bound of the AdS correlators


• Many numerical checks in free theories


• (Integrated) local blocks


• New locality sum rules


• Bulk UV divergence


• …



Outlooks
• Self-consistency (crossing, bulk locality, unitarity, etc…)


• Flat-space limit


• Gradient flow? Mononicity?


• Numerics


• …



Thank you!


