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Quantum gravity does not have a perturbative 
continuum limit

 = 2/MPlanck , 2 = 32⇡G
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irrelevant operators dimn n+4
only continuum limit
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But it also has another problem …
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does not converge
Gibbons, Hawking, Perry ‘78

Problem is in the conformal factor gµ⌫ = '2ĝµ⌫
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(Feynman - De Donder)

gµ⌫ = '2ĝµ⌫
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Wilsonian RG with right  sign kinetic term

necessarily has polynomial interactions
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(2a)n = '̃n � n(n�1)

4a2 '̃n�2 + · · ·
<latexit sha1_base64="Bllwq/lxhUsUOHAPt40JAfr4r2M="></latexit><latexit sha1_base64="Bllwq/lxhUsUOHAPt40JAfr4r2M="></latexit><latexit sha1_base64="jzgrw/rW8OsZfnkiXZAJBusuNAo="></latexit><latexit sha1_base64="jzgrw/rW8OsZfnkiXZAJBusuNAo="></latexit><latexit sha1_base64="jzgrw/rW8OsZfnkiXZAJBusuNAo="></latexit><latexit sha1_base64="jzgrw/rW8OsZfnkiXZAJBusuNAo="></latexit>

[Õn] = n = ['n]
<latexit sha1_base64="eEUE2wNMBOLCvIxR5EmFf8hsphI="></latexit><latexit sha1_base64="eEUE2wNMBOLCvIxR5EmFf8hsphI="></latexit><latexit sha1_base64="BG8OWMAK9JnDkuBP67R6rsBzYsY="></latexit><latexit sha1_base64="BG8OWMAK9JnDkuBP67R6rsBzYsY="></latexit><latexit sha1_base64="BG8OWMAK9JnDkuBP67R6rsBzYsY="></latexit><latexit sha1_base64="BG8OWMAK9JnDkuBP67R6rsBzYsY="></latexit>
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<latexit sha1_base64="idnoULNteEq8HUg9iM0AA0pKiMc="></latexit><latexit sha1_base64="idnoULNteEq8HUg9iM0AA0pKiMc="></latexit><latexit sha1_base64="7PhKdN2Vu/x2LLaYCcZ+7j8da8w="></latexit><latexit sha1_base64="7PhKdN2Vu/x2LLaYCcZ+7j8da8w="></latexit><latexit sha1_base64="7PhKdN2Vu/x2LLaYCcZ+7j8da8w="></latexit><latexit sha1_base64="7PhKdN2Vu/x2LLaYCcZ+7j8da8w="></latexit>
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<latexit sha1_base64="fBS9oxRo2OaqhQU4YQ6pDP/WMKs="></latexit><latexit sha1_base64="fBS9oxRo2OaqhQU4YQ6pDP/WMKs="></latexit><latexit sha1_base64="oVCw314ZUpMMdGc3DEH2p9GwLhw="></latexit><latexit sha1_base64="oVCw314ZUpMMdGc3DEH2p9GwLhw="></latexit><latexit sha1_base64="oVCw314ZUpMMdGc3DEH2p9GwLhw="></latexit><latexit sha1_base64="oVCw314ZUpMMdGc3DEH2p9GwLhw="></latexit>
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<latexit sha1_base64="f7mWXaNQTZ+wrdTwjWsgICVzbBg="></latexit><latexit sha1_base64="f7mWXaNQTZ+wrdTwjWsgICVzbBg="></latexit><latexit sha1_base64="lpVIVD2W71GMMgelPf4mlSSS1mA="></latexit><latexit sha1_base64="lpVIVD2W71GMMgelPf4mlSSS1mA="></latexit><latexit sha1_base64="lpVIVD2W71GMMgelPf4mlSSS1mA="></latexit><latexit sha1_base64="lpVIVD2W71GMMgelPf4mlSSS1mA="></latexit>

⌦⇤ = h'(x)'(x)i = ~⇤2

2a2
<latexit sha1_base64="wum5W/vrYGaqsSKj/PjtpQbnhkM="></latexit><latexit sha1_base64="wum5W/vrYGaqsSKj/PjtpQbnhkM="></latexit><latexit sha1_base64="dXRR1BzzNdWL+oBMob0a1gTmUTI="></latexit><latexit sha1_base64="dXRR1BzzNdWL+oBMob0a1gTmUTI="></latexit><latexit sha1_base64="dXRR1BzzNdWL+oBMob0a1gTmUTI="></latexit><latexit sha1_base64="dXRR1BzzNdWL+oBMob0a1gTmUTI="></latexit>



Wilsonian RG with wrong sign kinetic term


⌦⇤ = |h'(x)'(x)i| = ~⇤2

2a2
<latexit sha1_base64="HfRaUq/l7A5vq17p363zT+YRZ2A="></latexit><latexit sha1_base64="HfRaUq/l7A5vq17p363zT+YRZ2A="></latexit><latexit sha1_base64="eGnO78zXMbw/9rJwYXRcI95B+M4="></latexit><latexit sha1_base64="eGnO78zXMbw/9rJwYXRcI95B+M4="></latexit><latexit sha1_base64="eGnO78zXMbw/9rJwYXRcI95B+M4="></latexit><latexit sha1_base64="eGnO78zXMbw/9rJwYXRcI95B+M4="></latexit>
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2a2 @

2
'̃Ṽ ('̃)

<latexit sha1_base64="F8Qhb2eYO0xwFunOgqKKoDQ/xaI="></latexit><latexit sha1_base64="F8Qhb2eYO0xwFunOgqKKoDQ/xaI="></latexit><latexit sha1_base64="QNEb2r/q2xJdHwkqVaH+tudyOUI="></latexit><latexit sha1_base64="QNEb2r/q2xJdHwkqVaH+tudyOUI="></latexit><latexit sha1_base64="QNEb2r/q2xJdHwkqVaH+tudyOUI="></latexit><latexit sha1_base64="QNEb2r/q2xJdHwkqVaH+tudyOUI="></latexit>
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<latexit sha1_base64="LSoqHoEOw6KH1zsJjOnZHZ1RXfE="></latexit><latexit sha1_base64="LSoqHoEOw6KH1zsJjOnZHZ1RXfE="></latexit><latexit sha1_base64="s1ocpjvP8do42z+AcgOYO7HqZY8="></latexit><latexit sha1_base64="s1ocpjvP8do42z+AcgOYO7HqZY8="></latexit><latexit sha1_base64="s1ocpjvP8do42z+AcgOYO7HqZY8="></latexit><latexit sha1_base64="s1ocpjvP8do42z+AcgOYO7HqZY8="></latexit>
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<latexit sha1_base64="d1gJpbWMLSbUx9hP1kPVw7U2itc="></latexit><latexit sha1_base64="d1gJpbWMLSbUx9hP1kPVw7U2itc="></latexit><latexit sha1_base64="AtLD9IW2I/fgx+Vfkf9WxvVLNLY="></latexit><latexit sha1_base64="AtLD9IW2I/fgx+Vfkf9WxvVLNLY="></latexit><latexit sha1_base64="AtLD9IW2I/fgx+Vfkf9WxvVLNLY="></latexit><latexit sha1_base64="AtLD9IW2I/fgx+Vfkf9WxvVLNLY="></latexit>
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◆

<latexit sha1_base64="GN/+7EfQQC9XggEHJzYxJ6W74cA="></latexit><latexit sha1_base64="GN/+7EfQQC9XggEHJzYxJ6W74cA="></latexit><latexit sha1_base64="UWhLwVY66jmpnVSsssjktXxwJsA="></latexit><latexit sha1_base64="UWhLwVY66jmpnVSsssjktXxwJsA="></latexit><latexit sha1_base64="UWhLwVY66jmpnVSsssjktXxwJsA="></latexit><latexit sha1_base64="UWhLwVY66jmpnVSsssjktXxwJsA="></latexit>

[�(n)⇤ (')] = �1� n
<latexit sha1_base64="BnNctiBf6tCR4+1CZqOGnGhKEnU="></latexit><latexit sha1_base64="BnNctiBf6tCR4+1CZqOGnGhKEnU="></latexit><latexit sha1_base64="tPcL5hgRgmN4da8pjrpb0vc9lGM="></latexit><latexit sha1_base64="tPcL5hgRgmN4da8pjrpb0vc9lGM="></latexit><latexit sha1_base64="tPcL5hgRgmN4da8pjrpb0vc9lGM="></latexit><latexit sha1_base64="tPcL5hgRgmN4da8pjrpb0vc9lGM="></latexit>

N tower super-relevant

L⇤ = � 1
2 (@µ')

2 + ✏V⇤(')
<latexit sha1_base64="hD0kxUT9r4nZp5zmS7aqYeUmcPM="></latexit>
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<latexit sha1_base64="BQvTffFOjfvv8SQrxX7/Oo+gIfA="></latexit>



Wilsonian RG with wrong sign kinetic term
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<latexit sha1_base64="WUWLG6vkw/WXtx+i1puQZ0ChSDI="></latexit><latexit sha1_base64="WUWLG6vkw/WXtx+i1puQZ0ChSDI="></latexit><latexit sha1_base64="Nmjid1hI2xQGzNFh0YyXjZzqFdk="></latexit><latexit sha1_base64="Nmjid1hI2xQGzNFh0YyXjZzqFdk="></latexit><latexit sha1_base64="Nmjid1hI2xQGzNFh0YyXjZzqFdk="></latexit><latexit sha1_base64="Nmjid1hI2xQGzNFh0YyXjZzqFdk="></latexit>
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⇤ (')

<latexit sha1_base64="4wcGssu+L8S10ip2u3AWcktcwLY="></latexit><latexit sha1_base64="4wcGssu+L8S10ip2u3AWcktcwLY="></latexit><latexit sha1_base64="IkRAJrZ4SWTzfrR0lkpYz70P7+8="></latexit><latexit sha1_base64="IkRAJrZ4SWTzfrR0lkpYz70P7+8="></latexit><latexit sha1_base64="IkRAJrZ4SWTzfrR0lkpYz70P7+8="></latexit><latexit sha1_base64="IkRAJrZ4SWTzfrR0lkpYz70P7+8="></latexit>
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Vp(⇡) e
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<latexit sha1_base64="zGdiLmAwNhDr0o/Fqi4p8JR5pSA="></latexit><latexit sha1_base64="zGdiLmAwNhDr0o/Fqi4p8JR5pSA="></latexit><latexit sha1_base64="pcJQlM8aqJDnviuCH+ICYb3/HJQ="></latexit><latexit sha1_base64="pcJQlM8aqJDnviuCH+ICYb3/HJQ="></latexit><latexit sha1_base64="pcJQlM8aqJDnviuCH+ICYb3/HJQ="></latexit><latexit sha1_base64="pcJQlM8aqJDnviuCH+ICYb3/HJQ="></latexit>

Vp(⇡) =
1X

n=0

gn(i⇡)
n

<latexit sha1_base64="DQQ9M5B0Lq1BVRu+hKO2oEB/A6E="></latexit><latexit sha1_base64="DQQ9M5B0Lq1BVRu+hKO2oEB/A6E="></latexit><latexit sha1_base64="60Ph4kq6aEKhOyhUfoTXR4urJBQ="></latexit><latexit sha1_base64="60Ph4kq6aEKhOyhUfoTXR4urJBQ="></latexit><latexit sha1_base64="60Ph4kq6aEKhOyhUfoTXR4urJBQ="></latexit><latexit sha1_base64="60Ph4kq6aEKhOyhUfoTXR4urJBQ="></latexit>

is an entire function



Wilsonian RG with wrong sign kinetic term
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<latexit sha1_base64="WUWLG6vkw/WXtx+i1puQZ0ChSDI="></latexit><latexit sha1_base64="WUWLG6vkw/WXtx+i1puQZ0ChSDI="></latexit><latexit sha1_base64="Nmjid1hI2xQGzNFh0YyXjZzqFdk="></latexit><latexit sha1_base64="Nmjid1hI2xQGzNFh0YyXjZzqFdk="></latexit><latexit sha1_base64="Nmjid1hI2xQGzNFh0YyXjZzqFdk="></latexit><latexit sha1_base64="Nmjid1hI2xQGzNFh0YyXjZzqFdk="></latexit>

amplitude suppression scale Ls

Vp(') = lim
⇤!0

V⇤(')
<latexit sha1_base64="LGKlYMtYIAYaC6ltcv+KhM1gmLo="></latexit><latexit sha1_base64="LGKlYMtYIAYaC6ltcv+KhM1gmLo="></latexit><latexit sha1_base64="0mFYln4hNFw/wSRwg5oeCYWknEw="></latexit><latexit sha1_base64="0mFYln4hNFw/wSRwg5oeCYWknEw="></latexit><latexit sha1_base64="0mFYln4hNFw/wSRwg5oeCYWknEw="></latexit><latexit sha1_base64="0mFYln4hNFw/wSRwg5oeCYWknEw="></latexit>
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<latexit sha1_base64="zGdiLmAwNhDr0o/Fqi4p8JR5pSA="></latexit><latexit sha1_base64="zGdiLmAwNhDr0o/Fqi4p8JR5pSA="></latexit><latexit sha1_base64="pcJQlM8aqJDnviuCH+ICYb3/HJQ="></latexit><latexit sha1_base64="pcJQlM8aqJDnviuCH+ICYb3/HJQ="></latexit><latexit sha1_base64="pcJQlM8aqJDnviuCH+ICYb3/HJQ="></latexit><latexit sha1_base64="pcJQlM8aqJDnviuCH+ICYb3/HJQ="></latexit>
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�

<latexit sha1_base64="nma6i/RhcS3qahGbIrAtSfHVX0E="></latexit>



Wilsonian RG of perturbative quantum gravity


Non-differentiated fields must be integrable under

exp

1

2⌦⇤

�
'2 � h2

µ⌫ � 2 c̄µcµ
�

<latexit sha1_base64="cR2yBK4k00lq7wxhmVkgvfvrdoU="></latexit><latexit sha1_base64="cR2yBK4k00lq7wxhmVkgvfvrdoU="></latexit><latexit sha1_base64="u6rBTR2AQEo6sZ19PXpzzhaIlf4="></latexit><latexit sha1_base64="u6rBTR2AQEo6sZ19PXpzzhaIlf4="></latexit><latexit sha1_base64="u6rBTR2AQEo6sZ19PXpzzhaIlf4="></latexit><latexit sha1_base64="u6rBTR2AQEo6sZ19PXpzzhaIlf4="></latexit>

polynomialsInteractions are �(n)⇤ (')
<latexit sha1_base64="TNHIc5RQ7/BJ14hKaRoP0wgqL8o="></latexit><latexit sha1_base64="TNHIc5RQ7/BJ14hKaRoP0wgqL8o="></latexit><latexit sha1_base64="zPU0Ivq7KH3N3kl9TIA+ef+9Z0w="></latexit><latexit sha1_base64="zPU0Ivq7KH3N3kl9TIA+ef+9Z0w="></latexit><latexit sha1_base64="zPU0Ivq7KH3N3kl9TIA+ef+9Z0w="></latexit><latexit sha1_base64="zPU0Ivq7KH3N3kl9TIA+ef+9Z0w="></latexit>

Renormalizability: [�]� 1� n  4
<latexit sha1_base64="qAgkXCtfOLJsTfjMg+ATBtoMyJU="></latexit><latexit sha1_base64="qAgkXCtfOLJsTfjMg+ATBtoMyJU="></latexit><latexit sha1_base64="by6qHHEjZ4odojo+kjtqI1rU50o="></latexit><latexit sha1_base64="by6qHHEjZ4odojo+kjtqI1rU50o="></latexit><latexit sha1_base64="by6qHHEjZ4odojo+kjtqI1rU50o="></latexit><latexit sha1_base64="by6qHHEjZ4odojo+kjtqI1rU50o="></latexit>
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<latexit sha1_base64="T1Oty1LKQqBd20NHC9Kbtz+pRxY="></latexit><latexit sha1_base64="T1Oty1LKQqBd20NHC9Kbtz+pRxY="></latexit><latexit sha1_base64="/vxq4m40A6latKMO6unfdl4CX0g="></latexit><latexit sha1_base64="/vxq4m40A6latKMO6unfdl4CX0g="></latexit><latexit sha1_base64="/vxq4m40A6latKMO6unfdl4CX0g="></latexit><latexit sha1_base64="/vxq4m40A6latKMO6unfdl4CX0g="></latexit>

Coefficient fn:
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⇤(')�(@↵, @�', h��, c̄", c⇣ ,�

⇤
A) + · · ·

<latexit sha1_base64="NWGOwKiJ9nNt2IbROoKCghZQt7c="></latexit>



Wilsonian RG & QME (Slavnov-Taylor identities)

What is the quantum version of 

diffeomorphism invariance?

A[S] = 0
<latexit sha1_base64="zI1HMKLpK3BY9slHmkVPVR3D7co="></latexit><latexit sha1_base64="zI1HMKLpK3BY9slHmkVPVR3D7co="></latexit><latexit sha1_base64="V2AH5JYw+CmUFxwzPlDTZXVQ0k0="></latexit><latexit sha1_base64="V2AH5JYw+CmUFxwzPlDTZXVQ0k0="></latexit><latexit sha1_base64="V2AH5JYw+CmUFxwzPlDTZXVQ0k0="></latexit><latexit sha1_base64="V2AH5JYw+CmUFxwzPlDTZXVQ0k0="></latexit>
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<latexit sha1_base64="5iIT6VdtnKlzcPaIerlmtaPF+ng="></latexit><latexit sha1_base64="5iIT6VdtnKlzcPaIerlmtaPF+ng="></latexit><latexit sha1_base64="0mdu10JD5vYLTvAVJOj/FK2d+eo="></latexit><latexit sha1_base64="0mdu10JD5vYLTvAVJOj/FK2d+eo="></latexit><latexit sha1_base64="0mdu10JD5vYLTvAVJOj/FK2d+eo="></latexit><latexit sha1_base64="0mdu10JD5vYLTvAVJOj/FK2d+eo="></latexit>
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<latexit sha1_base64="2lQ7RUUb594ANlmkO5sjhH2efck="></latexit><latexit sha1_base64="2lQ7RUUb594ANlmkO5sjhH2efck="></latexit><latexit sha1_base64="E0iQZ5SxjgZwPD0gm+5Jg8K5Raw="></latexit><latexit sha1_base64="E0iQZ5SxjgZwPD0gm+5Jg8K5Raw="></latexit><latexit sha1_base64="E0iQZ5SxjgZwPD0gm+5Jg8K5Raw="></latexit><latexit sha1_base64="E0iQZ5SxjgZwPD0gm+5Jg8K5Raw="></latexit>
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X
<latexit sha1_base64="zXgjhwgzpSrUIUSlZ706fzpxGXE="></latexit><latexit sha1_base64="zXgjhwgzpSrUIUSlZ706fzpxGXE="></latexit><latexit sha1_base64="RVOR00rpD9N74xVNW2GVZ/8inIg="></latexit><latexit sha1_base64="RVOR00rpD9N74xVNW2GVZ/8inIg="></latexit><latexit sha1_base64="RVOR00rpD9N74xVNW2GVZ/8inIg="></latexit><latexit sha1_base64="RVOR00rpD9N74xVNW2GVZ/8inIg="></latexit>
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<latexit sha1_base64="RjbvzLUJbyRga9b0TVdDhJkNACE="></latexit><latexit sha1_base64="RjbvzLUJbyRga9b0TVdDhJkNACE="></latexit><latexit sha1_base64="z9Cm9/HUY+JUX9ovURJSY8zv5Ks="></latexit><latexit sha1_base64="z9Cm9/HUY+JUX9ovURJSY8zv5Ks="></latexit><latexit sha1_base64="z9Cm9/HUY+JUX9ovURJSY8zv5Ks="></latexit><latexit sha1_base64="z9Cm9/HUY+JUX9ovURJSY8zv5Ks="></latexit>
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<latexit sha1_base64="p2QtFGUbTHPoYfyqdp7RL6Vz4lg="></latexit><latexit sha1_base64="p2QtFGUbTHPoYfyqdp7RL6Vz4lg="></latexit><latexit sha1_base64="efquXTWfTcg5cPrQi9S7jqqjuqw="></latexit><latexit sha1_base64="efquXTWfTcg5cPrQi9S7jqqjuqw="></latexit><latexit sha1_base64="efquXTWfTcg5cPrQi9S7jqqjuqw="></latexit><latexit sha1_base64="efquXTWfTcg5cPrQi9S7jqqjuqw="></latexit>
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1
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2S2 + · · ·
<latexit sha1_base64="xdSybzC+4tVFHoxuZHj9nKerjxI="></latexit><latexit sha1_base64="xdSybzC+4tVFHoxuZHj9nKerjxI="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit>

s0S1 = 0
<latexit sha1_base64="ts4u/y6Eoy8NvtnxoXzppAvmSPE="></latexit><latexit sha1_base64="ts4u/y6Eoy8NvtnxoXzppAvmSPE="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit>

What is the quantum version of 

diffeomorphism invariance?

S1 6= s0K
<latexit sha1_base64="/5dKx/KlDGcCgI8BxzJaNQZtlL4="></latexit><latexit sha1_base64="/5dKx/KlDGcCgI8BxzJaNQZtlL4="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit>

s.t.

A[S] = 1
2 (S, S)��S = 0

<latexit sha1_base64="UWuApyp5WtLk/ouMM5rneEeCq2s="></latexit><latexit sha1_base64="UWuApyp5WtLk/ouMM5rneEeCq2s="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit>

Q0 +Q�
0 ��� ��=

<latexit sha1_base64="jVSaHUH/eYFwhtY47adw+3JOURA="></latexit><latexit sha1_base64="jVSaHUH/eYFwhtY47adw+3JOURA="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit>

Q0�
A =

�
S0,�

A
�

<latexit sha1_base64="q53cnwc15xLYDYikjEX+Z+YH3S4="></latexit><latexit sha1_base64="q53cnwc15xLYDYikjEX+Z+YH3S4="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit>

Q�
0 �

⇤
A = (S0,�

⇤
A)

<latexit sha1_base64="OgBG7jscHSIVzBgVj2GWuWVD5QA="></latexit><latexit sha1_base64="OgBG7jscHSIVzBgVj2GWuWVD5QA="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit>

=) Q0Hµ⌫ = @µc⌫ + @⌫cµ
<latexit sha1_base64="3l0hZeeQjlRINusETtyn6LrGHSw="></latexit><latexit sha1_base64="3l0hZeeQjlRINusETtyn6LrGHSw="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit>

=) Q�
0 H

⇤
µ⌫ = �2G(1)

µ⌫ , Q�
0 c

⇤
⌫ = �2@µH

⇤
µ⌫

<latexit sha1_base64="0z8W5HsNp9ovd01dpcd10dn6Kdw="></latexit><latexit sha1_base64="0z8W5HsNp9ovd01dpcd10dn6Kdw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit>

Q0f
�
⇤(') = @ ·c f� 0

⇤ (')
<latexit sha1_base64="roI2zT/w5rP14ShHAKrcEgUmYXM="></latexit><latexit sha1_base64="roI2zT/w5rP14ShHAKrcEgUmYXM="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit>

Koszul-Tate



S = S0 + S1 +
1
2

2S2 + · · ·
<latexit sha1_base64="xdSybzC+4tVFHoxuZHj9nKerjxI="></latexit><latexit sha1_base64="xdSybzC+4tVFHoxuZHj9nKerjxI="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit>

s0S1 = 0
<latexit sha1_base64="ts4u/y6Eoy8NvtnxoXzppAvmSPE="></latexit><latexit sha1_base64="ts4u/y6Eoy8NvtnxoXzppAvmSPE="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit>

What is the quantum version of 

diffeomorphism invariance?

S1 6= s0K
<latexit sha1_base64="/5dKx/KlDGcCgI8BxzJaNQZtlL4="></latexit><latexit sha1_base64="/5dKx/KlDGcCgI8BxzJaNQZtlL4="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit>

s.t.

A[S] = 1
2 (S, S)��S = 0

<latexit sha1_base64="UWuApyp5WtLk/ouMM5rneEeCq2s="></latexit><latexit sha1_base64="UWuApyp5WtLk/ouMM5rneEeCq2s="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit>

Q0 +Q�
0 ��� ��=

<latexit sha1_base64="jVSaHUH/eYFwhtY47adw+3JOURA="></latexit><latexit sha1_base64="jVSaHUH/eYFwhtY47adw+3JOURA="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit>

Q0�
A =

�
S0,�

A
�

<latexit sha1_base64="q53cnwc15xLYDYikjEX+Z+YH3S4="></latexit><latexit sha1_base64="q53cnwc15xLYDYikjEX+Z+YH3S4="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit>

Q�
0 �

⇤
A = (S0,�

⇤
A)

<latexit sha1_base64="OgBG7jscHSIVzBgVj2GWuWVD5QA="></latexit><latexit sha1_base64="OgBG7jscHSIVzBgVj2GWuWVD5QA="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit>

=) Q0Hµ⌫ = @µc⌫ + @⌫cµ
<latexit sha1_base64="3l0hZeeQjlRINusETtyn6LrGHSw="></latexit><latexit sha1_base64="3l0hZeeQjlRINusETtyn6LrGHSw="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit>

Prove solution if & only if       independent of f�
⇤(')

<latexit sha1_base64="93U17gMRb+A/QkF/6hVIkJ7W/XE="></latexit><latexit sha1_base64="93U17gMRb+A/QkF/6hVIkJ7W/XE="></latexit><latexit sha1_base64="H1VRKOpYBbvo3SC58yUgln0WZaw="></latexit><latexit sha1_base64="H1VRKOpYBbvo3SC58yUgln0WZaw="></latexit><latexit sha1_base64="H1VRKOpYBbvo3SC58yUgln0WZaw="></latexit><latexit sha1_base64="H1VRKOpYBbvo3SC58yUgln0WZaw="></latexit>

'
<latexit sha1_base64="HT5AJDgpx8l/TvcDSfGRqjYJgSA="></latexit><latexit sha1_base64="HT5AJDgpx8l/TvcDSfGRqjYJgSA="></latexit><latexit sha1_base64="I9xyKIFoi30fI+Q7utWn13Kld8Y="></latexit><latexit sha1_base64="I9xyKIFoi30fI+Q7utWn13Kld8Y="></latexit><latexit sha1_base64="I9xyKIFoi30fI+Q7utWn13Kld8Y="></latexit><latexit sha1_base64="I9xyKIFoi30fI+Q7utWn13Kld8Y="></latexit>

=) Q�
0 H

⇤
µ⌫ = �2G(1)

µ⌫ , Q�
0 c

⇤
⌫ = �2@µH

⇤
µ⌫

<latexit sha1_base64="0z8W5HsNp9ovd01dpcd10dn6Kdw="></latexit><latexit sha1_base64="0z8W5HsNp9ovd01dpcd10dn6Kdw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit>

Q0f
�
⇤(') = @ ·c f� 0

⇤ (')
<latexit sha1_base64="roI2zT/w5rP14ShHAKrcEgUmYXM="></latexit><latexit sha1_base64="roI2zT/w5rP14ShHAKrcEgUmYXM="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit>

Koszul-Tate



S = S0 + S1 +
1
2

2S2 + · · ·
<latexit sha1_base64="xdSybzC+4tVFHoxuZHj9nKerjxI="></latexit><latexit sha1_base64="xdSybzC+4tVFHoxuZHj9nKerjxI="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit><latexit sha1_base64="da2wb4uMIodOjEi4RjLgZeWzB+w="></latexit>

s0S1 = 0
<latexit sha1_base64="ts4u/y6Eoy8NvtnxoXzppAvmSPE="></latexit><latexit sha1_base64="ts4u/y6Eoy8NvtnxoXzppAvmSPE="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit><latexit sha1_base64="VshySN8EkfF7QalHbqgtPZh5J3k="></latexit>

What is the quantum version of 

diffeomorphism invariance?

S1 6= s0K
<latexit sha1_base64="/5dKx/KlDGcCgI8BxzJaNQZtlL4="></latexit><latexit sha1_base64="/5dKx/KlDGcCgI8BxzJaNQZtlL4="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit><latexit sha1_base64="wvSZIFOTDYT+gZONLidyR8eSQPw="></latexit>

s.t.

A[S] = 1
2 (S, S)��S = 0

<latexit sha1_base64="UWuApyp5WtLk/ouMM5rneEeCq2s="></latexit><latexit sha1_base64="UWuApyp5WtLk/ouMM5rneEeCq2s="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit><latexit sha1_base64="MTbdJ9195VPCQPlZgg8hoRErXAo="></latexit>

Q0 +Q�
0 ��� ��=

<latexit sha1_base64="jVSaHUH/eYFwhtY47adw+3JOURA="></latexit><latexit sha1_base64="jVSaHUH/eYFwhtY47adw+3JOURA="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit><latexit sha1_base64="TMvPzKxTQeXZBHAh5HehvR8DDxo="></latexit>

Q0�
A =

�
S0,�

A
�

<latexit sha1_base64="q53cnwc15xLYDYikjEX+Z+YH3S4="></latexit><latexit sha1_base64="q53cnwc15xLYDYikjEX+Z+YH3S4="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit><latexit sha1_base64="WN5yEQi0F2ZHEU3WIH/XpjreUUg="></latexit>

Q�
0 �

⇤
A = (S0,�

⇤
A)

<latexit sha1_base64="OgBG7jscHSIVzBgVj2GWuWVD5QA="></latexit><latexit sha1_base64="OgBG7jscHSIVzBgVj2GWuWVD5QA="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit><latexit sha1_base64="lbvU3WdkH47puU6OEVGhJKO3nTM="></latexit>

=) Q0Hµ⌫ = @µc⌫ + @⌫cµ
<latexit sha1_base64="3l0hZeeQjlRINusETtyn6LrGHSw="></latexit><latexit sha1_base64="3l0hZeeQjlRINusETtyn6LrGHSw="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit><latexit sha1_base64="UPs8q0V7RORAAxemsjVFIHMe3v4="></latexit>

=) Q�
0 H

⇤
µ⌫ = �2G(1)

µ⌫ , Q�
0 c

⇤
⌫ = �2@µH

⇤
µ⌫

<latexit sha1_base64="0z8W5HsNp9ovd01dpcd10dn6Kdw="></latexit><latexit sha1_base64="0z8W5HsNp9ovd01dpcd10dn6Kdw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit><latexit sha1_base64="r3NJDCZTzOIsxS/KmXoXxtSMSAw="></latexit>

Q0f
�
⇤(') = @ ·c f� 0

⇤ (')
<latexit sha1_base64="roI2zT/w5rP14ShHAKrcEgUmYXM="></latexit><latexit sha1_base64="roI2zT/w5rP14ShHAKrcEgUmYXM="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit><latexit sha1_base64="jAUvgekB5c5Zet1fqWU0ndiRTGs="></latexit>

But that can be done by sending Ls  gN!

Koszul-Tate



g�2m =

p
⇡

m!4m
⇤2m+1

� (m = 0, 1, 2, · · · )
<latexit sha1_base64="ZPd0JXkv+XCiILmj4l1kQRsiH+c="></latexit><latexit sha1_base64="ZPd0JXkv+XCiILmj4l1kQRsiH+c="></latexit><latexit sha1_base64="DPDauWm7l9T7FRA/wYsOdMkkmNc="></latexit><latexit sha1_base64="DPDauWm7l9T7FRA/wYsOdMkkmNc="></latexit><latexit sha1_base64="DPDauWm7l9T7FRA/wYsOdMkkmNc="></latexit><latexit sha1_base64="DPDauWm7l9T7FRA/wYsOdMkkmNc="></latexit>

f�
⇤(') =

a⇤�p
⇤

2
+ a2⇤2

�

exp

✓
� a2'2

⇤

2
+ a2⇤2

�

◆

<latexit sha1_base64="+hf+GQRq+kP7iIVYkCv1XpZo1ug="></latexit><latexit sha1_base64="+hf+GQRq+kP7iIVYkCv1XpZo1ug="></latexit><latexit sha1_base64="DnCp0Q8W5L3336I745B13411Z90="></latexit><latexit sha1_base64="DnCp0Q8W5L3336I745B13411Z90="></latexit><latexit sha1_base64="DnCp0Q8W5L3336I745B13411Z90="></latexit><latexit sha1_base64="DnCp0Q8W5L3336I745B13411Z90="></latexit>

f�
⇤(') !  as ⇤� ! 1

<latexit sha1_base64="xfxO85z8Cfs1u5HMQIBwu6xsdk4="></latexit><latexit sha1_base64="xfxO85z8Cfs1u5HMQIBwu6xsdk4="></latexit><latexit sha1_base64="qiAw6ip0sBzdI1njfKBI9hJqABk="></latexit><latexit sha1_base64="qiAw6ip0sBzdI1njfKBI9hJqABk="></latexit><latexit sha1_base64="qiAw6ip0sBzdI1njfKBI9hJqABk="></latexit><latexit sha1_base64="qiAw6ip0sBzdI1njfKBI9hJqABk="></latexit>

For � ⇠ H@H@H so [�] = 5 :

<latexit sha1_base64="27E0nQmtFwIVjIjvfr6YoH17620="></latexit><latexit sha1_base64="27E0nQmtFwIVjIjvfr6YoH17620="></latexit><latexit sha1_base64="gFTq16tbWEgeVFJD/Q4G9DJhLiY="></latexit><latexit sha1_base64="gFTq16tbWEgeVFJD/Q4G9DJhLiY="></latexit><latexit sha1_base64="gFTq16tbWEgeVFJD/Q4G9DJhLiY="></latexit><latexit sha1_base64="gFTq16tbWEgeVFJD/Q4G9DJhLiY="></latexit>

f�(') = lim
⇤!0

f�
⇤(') =  e�'2/⇤2

�
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N.B. Newton’s constant is a `collective’ effect 



 Construction establishes quantum gravity as a 
genuine continuum quantum field theory, at O(k),


with all the correct properties.


Inevitable logical consequence of insisting on 
Wilsonian RG applied to 


(unmodified) Einstein-Hilbert action

Works at higher order in k, with only one more 
free parameter: the cosmological constant…

(work in progress)



Construction crucially different from other QFTs, & 
other conceptions for QG.
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Construction crucially different from other QFTs, & 
other conceptions for QG.
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Second order in k
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