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<latexit sha1_base64="Bvi40tGubPgouAM6fK3urmn6QHs="></latexit>

well-defined limit ()

<latexit sha1_base64="opBLq8vUHTeuzR1lU9JaZFSFAXQ=">AAACB3icbVC7TgJBFJ3FF+ILpbSZSEysyK7BaElioYUFJvJIgJC7wwUmzM5uZu5qCOED/ApbreyMrZ9h4b+4ixQKnurknHtzzz1+pKQl1/10Miura+sb2c3c1vbO7l5+/6Buw9gIrIlQhabpg0UlNdZIksJmZBACX2HDH12mfuMejZWhvqNxhJ0ABlr2pQBKpG6+0L4J9UBhn4wcDAmMCR+6+aJbcmfgy8SbkyKbo9rNf7V7oYgD1CQUWNvy3Ig6EzAkhcJprh1bjECMYICthGoI0HYms/BTfhxboJBHaLhUfCbi740JBNaOAz+ZDICGdtFLxf+8Vkz9i85E6igm1CI9RFLh7JAVRiatIO9Jg0SQJkcuNRdggAiN5CBEIsZJTbmkD2/x+2VSPy155dLZbblYuZo3k2WH7IidMI+dswq7ZlVWY4KN2RN7Zi/Oo/PqvDnvP6MZZ75TYH/gfHwDbseZ2w==</latexit>

Fixed points �k[�] =
1X

i=1

U i(k)Pi[�]

<latexit sha1_base64="AoZ4PIh8rpCTSn8slW8QoFi7gG4="></latexit>

k@k�k ! �i(u⇤) = 0

<latexit sha1_base64="SX6ueRfOwg1oxijsiLxLLH6Ss9Q="></latexit>

O = O(E,Ua(µ), µ)

<latexit sha1_base64="EcjKfS5Cyc2MBYlRpRnRWuS2qIE=">AAACIHicbVDLSgNBEJz1GeMr6tHLYBAihLArEb0IARG9GcEkQhJC76QTh8w+mOkVwpKf8BP8Cq968iYeFfwXd2MO0ViHoaaqm+4uN1TSkG1/WHPzC4tLy5mV7Ora+sZmbmu7boJIC6yJQAX61gWDSvpYI0kKb0ON4LkKG+7gLPUb96iNDPwbGobY9qDvy54UQInUyRVbHtCdABVfjfgpn/4Vzou81oFCy4sOijx9O7m8XbLH4LPEmZA8m6DayX21uoGIPPRJKDCm6dghtWPQJIXCUbYVGQxBDKCPzYT64KFpx+OrRnw/MkABD1FzqfhYxOmOGDxjhp6bVKZbm79eKv7nNSPqnbRj6YcRoS/SQSQVjgcZoWUSF/Ku1EgE6ebIpc8FaCBCLTkIkYhRkl82ycP5e/0sqR+WnHLp6Lqcr1xMksmwXbbHCsxhx6zCLlmV1ZhgD+yJPbMX69F6td6s95/SOWvSs8N+wfr8Bq6eoZw=</latexit>

what is the 
meaning of k?

O = µD
Õ(E/µ, ua(µ))

<latexit sha1_base64="scnwvnEJrbOlJ9HfhSoL7NPW218="></latexit>

O = ED

<latexit sha1_base64="82FiReO/4xN01eSnqhd0onVERMY=">AAACCHicbVDLSgNBEJyNz8RXfNy8DAbBU9iViF6EgIreVDBRSNbQO+nEIbMPZnoFXfIDfoVXPXkTr/6FB//F3bgHNdapqOqmq8uLlDRk2x9WYWJyanpmtliam19YXCovrzRNGGuBDRGqUF95YFDJABskSeFVpBF8T+GlNzjI/Mtb1EaGwQXdRej60A9kTwqgVOqU14pJse0D3QhQyemQ7x9dHw475YpdtUfg48TJSYXlOOuUP9vdUMQ+BiQUGNNy7IjcBDRJoXBYascGIxAD6GMrpQH4aNxklH7IN2MDFPIINZeKj0T8uZGAb8yd76WTWVDz18vE/7xWTL09N5FBFBMGIjtEUuHokBFaprUg70qNRJAlRy4DLkADEWrJQYhUjNOeSmkfzt/vx0lzu+rUqjvntUr9OG9mlq2zDbbFHLbL6uyEnbEGE+yePbIn9mw9WC/Wq/X2PVqw8p1V9gvW+xfdwpjQ</latexit>

µ = E ! 1

<latexit sha1_base64="KHNRkpivLhh8nOCVhsNJBBI+O3A=">AAACBnicbVC7SgNBFJ2NrxhfMZY2g0GwCrsS0UYIiGgZwTwgG8Ls5CYOmZ1dZu6IIaT3K2y1shNbf8PCf3F3TaGJpzqccy/n3hPEUhh03U8nt7S8srqWXy9sbG5t7xR3S00TWc2hwSMZ6XbADEihoIECJbRjDSwMJLSC0UXqt+5BGxGpWxzH0A3ZUImB4AwTqVcs+aGl5/SS+hhRX6gBjnvFsltxM9BF4s1ImcxQ7xW//H7EbQgKuWTGdDw3xu6EaRRcwrTgWwMx4yM2hE5CFQvBdCfZ7VN6aA1LomPQVEiaifB7Y8JCY8ZhkEyGDO/MvJeK/3kdi4Oz7kSo2CIongahkJAFGa5FUgrQvtCAyNLLgQpFOdMMEbSgjPNEtElLhaQPb/77RdI8rnjVyslNtVy7mjWTJ/vkgBwRj5ySGrkmddIgnDyQJ/JMXpxH59V5c95/RnPObGeP/IHz8Q1PZZf2</latexit>
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Which is the behaviour of geometric or relational quantities at 
the quantum level?
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Composite 
operators Z

ddx " k@kOk = �
1

2
Tr

⇣
�(2)
k +Rk

⌘�1
✓Z

ddx "O(2)
k

◆⇣
�(2)
k +Rk

⌘�1
k@kRk

�

<latexit sha1_base64="8feoP3z9PUvTiIGh/KbdgrGDJ/I="></latexit>

lim
k!1

Ok = Ô|�̂!�

<latexit sha1_base64="vztZmcbyzuhhKmMzuJ3iyy3vg64="></latexit>

Ok=0 = hÔi

<latexit sha1_base64="5tpU6W91holuedf1MeF3ZzNFCbY="></latexit>

Which is the behaviour of geometric or relational quantities at 
the quantum level?

[Pagani, Becker]

�k[�, "] = �k[�] +

Z
ddx "(x) Ok(x) +O("2)

<latexit sha1_base64="6Z6a2ycoo0q5nQzFA/dknxZBA9g="></latexit>
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Composite 
operators Z

ddx " k@kOk = �
1

2
Tr

⇣
�(2)
k +Rk

⌘�1
✓Z

ddx "O(2)
k

◆⇣
�(2)
k +Rk

⌘�1
k@kRk

�

<latexit sha1_base64="8feoP3z9PUvTiIGh/KbdgrGDJ/I="></latexit>

lim
k!1

Ok = Ô|�̂!�

<latexit sha1_base64="vztZmcbyzuhhKmMzuJ3iyy3vg64="></latexit>

Ok=0 = hÔi

<latexit sha1_base64="5tpU6W91holuedf1MeF3ZzNFCbY="></latexit>

Which is the behaviour of geometric or relational quantities at 
the quantum level?

Concrete method to compute expectation values of observables.

[Pagani, Becker]

�k[�, "] = �k[�] +

Z
ddx "(x) Ok(x) +O("2)

<latexit sha1_base64="6Z6a2ycoo0q5nQzFA/dknxZBA9g="></latexit>
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Composite 
operators Z

ddx " k@kOk = �
1

2
Tr

⇣
�(2)
k +Rk

⌘�1
✓Z

ddx "O(2)
k

◆⇣
�(2)
k +Rk

⌘�1
k@kRk

�

<latexit sha1_base64="8feoP3z9PUvTiIGh/KbdgrGDJ/I="></latexit>

lim
k!1

Ok = Ô|�̂!�

<latexit sha1_base64="vztZmcbyzuhhKmMzuJ3iyy3vg64="></latexit>

Ok=0 = hÔi

<latexit sha1_base64="5tpU6W91holuedf1MeF3ZzNFCbY="></latexit>

Which is the behaviour of geometric or relational quantities at 
the quantum level?

The critical exponents do not depend on the cutoff scheme, 
they are universal.

Critical 
exponents

ui(k) = ui
⇤ +

X

I

CIV
i
I

✓
k0
k

◆✓I

<latexit sha1_base64="o1b4AY1jKVWgwdhSRwUHIGgCC6k="></latexit>

Concrete method to compute expectation values of observables.

[Pagani, Becker]

�k[�, "] = �k[�] +

Z
ddx "(x) Ok(x) +O("2)

<latexit sha1_base64="6Z6a2ycoo0q5nQzFA/dknxZBA9g="></latexit>



R
elational observables

[Höhn’s terminology: 
covariant representation]



R
elational observables

Diffeomorphism 
invariance

In GR there are no local diffeomorphism-
invariant observables.

R(x) 7! ' ⇤R(x)

<latexit sha1_base64="jgBnpwnaUYPtFSLxz6EyeBvsFm8=">AAACDHicbVC7TsNAEDyHVwivAA0SzYkICSgiG4GgjKChDIiESLEVrY8NnHK2T3drRBSFT+AraKGiQ7T8AwX/gh1S8JpqNLOrnZ1QK2nJdd+dwsTk1PRMcbY0N7+wuFReXmnaJDUCGyJRiWmFYFHJGBskSWFLG4QoVHgR9o5z/+IGjZVJfE59jUEEV7HsSgGUSZ3y2tnW7bYfgbaUcP8GjL6WO7nWKVfcqjsC/0u8MamwMeqd8od/mYg0wpiEAmvbnqspGIAhKRQOS35qUYPowRW2MxpDhDYYjD4Y8s3UQhZAo+FS8ZGI3zcGEFnbj8JsMgK6tr+9XPzPa6fUPQwGMtYpYSzyQyQVjg5ZYWRWDfJLaZAI8uTIZcwFGCBCIzkIkYlp1lUp68P7/f1f0tytenvV/dO9Su1o3EyRrbMNtsU8dsBq7ITVWYMJdsce2CN7cu6dZ+fFef0aLTjjnVX2A87bJ/wkmn4=</latexit>

[Höhn’s terminology: 
covariant representation]



R
elational observables

Diffeomorphism 
invariance

In GR there are no local diffeomorphism-
invariant observables.

However, if     denotes the 
(spacetime) position of a particle, 

a diffeomorphism will map  

Thus          at the position of the 
particle, is diffeomorphism 

invariant, and hence observable.

R(X) 7! ' ⇤R('�1(X)) = R(X)

<latexit sha1_base64="ez4FmctMDo9iM3bE6kKxC0mDpnA=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBCiYNgVRS9C0ItHFaOBJIbesdXB2d1hpleQJV/hJ/gVXvXkTbyJ+C/Oxj34qlNRVU13V6iVtOT7b97Q8Mjo2Hhpojw5NT0zW5mbP7FJagQ2RaIS0wrBopIxNkmSwpY2CFGo8DS83sv90xs0VibxMd1q7EZwGcsLKYCc1KusHdVaK50ItKWEd27A6Cu5elQr2Fm2FvRdYIXv8DzYq1T9uj8A/0uCglRZgYNe5aNznog0wpiEAmvbga+pm4EhKRT2y53UogZxDZfYdjSGCG03G7zV58upBXeVRsOl4gMRv09kEFl7G4UuGQFd2d9eLv7ntVO62O5mMtYpYSzyRSQVDhZZYaTrC/m5NEgE+eXIZcwFGCBCIzkI4cTUFVh2fQS/v/9LTtbrwUZ983Cj2tgtmimxRbbEaixgW6zB9tkBazLB7tgDe2RP3r337L14r1/RIa+YWWA/4L1/ApF6oXM=</latexit>

R(x) 7! ' ⇤R(x)

<latexit sha1_base64="jgBnpwnaUYPtFSLxz6EyeBvsFm8=">AAACDHicbVC7TsNAEDyHVwivAA0SzYkICSgiG4GgjKChDIiESLEVrY8NnHK2T3drRBSFT+AraKGiQ7T8AwX/gh1S8JpqNLOrnZ1QK2nJdd+dwsTk1PRMcbY0N7+wuFReXmnaJDUCGyJRiWmFYFHJGBskSWFLG4QoVHgR9o5z/+IGjZVJfE59jUEEV7HsSgGUSZ3y2tnW7bYfgbaUcP8GjL6WO7nWKVfcqjsC/0u8MamwMeqd8od/mYg0wpiEAmvbnqspGIAhKRQOS35qUYPowRW2MxpDhDYYjD4Y8s3UQhZAo+FS8ZGI3zcGEFnbj8JsMgK6tr+9XPzPa6fUPQwGMtYpYSzyQyQVjg5ZYWRWDfJLaZAI8uTIZcwFGCBCIzkIkYlp1lUp68P7/f1f0tytenvV/dO9Su1o3EyRrbMNtsU8dsBq7ITVWYMJdsce2CN7cu6dZ+fFef0aLTjjnVX2A87bJ/wkmn4=</latexit>

X 7! '�1(X)

<latexit sha1_base64="00NFAMrhST050Sys0Lv48CthaBk=">AAACDXicbVC7TsNAEDyHd3gFqBDNiQgpFEQ2CoISQUMJEoFIcYjWx5KccrZPd+tIkRXxCXwFLVR0iJZvoOBfsEMKCEw1mtnVzk6glbTkuh9OYWp6ZnZufqG4uLS8slpaW7+ycWIE1kWsYtMIwKKSEdZJksKGNghhoPA66J3m/nUfjZVxdEkDja0QOpG8kwIok9qlzQb3Q9CWYu73weiuvEn3vGGlsdsuld2qOwL/S7wxKbMxztulT/82FkmIEQkF1jY9V1MrBUNSKBwW/cSiBtGDDjYzGkGItpWOXhjyncRClkGj4VLxkYg/N1IIrR2EQTYZAnXtpJeL/3nNhO6OWqmMdEIYifwQSYWjQ1YYmXWD/FYaJII8OXIZcQEGiNBIDkJkYpKVVcz68Ca//0uu9qterXpwUSsfn4ybmWdbbJtVmMcO2TE7Y+eszgS7Z4/siT07D86L8+q8fY8WnPHOBvsF5/0L48Sa/Q==</latexit>

X

<latexit sha1_base64="hhkF9c1syjKFXOqeXKDM99v9J6U=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndH1Vrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu616hfthu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdXQZFp</latexit>

Relational 
formalismR(X)

<latexit sha1_base64="1Vmsh4HqSI1xacZe/yj7QD85HXA=">AAAB9nicbVC7TsNAEDyHVwivACXNiQgpNJGNgqCMoKEMiDykxIrOl01yyvls3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pq7Cyura+UdwsbW3v7O6V9w/aJog0hxYPZKC7HjMghYIWCpTQDTUw35PQ8abXqd95AG1EoO5xFoLrs7ESI8EZptJdtXs6KFfsmp2BLhMnJxWSozkof/WHAY98UMglM6bn2CG6MdMouIR5qR8ZCBmfsjH0EqqYD8aNs6xzehIZhgENQVMhaSbC742Y+cbMfC+Z9BlOzKKXiv95vQhHl24sVBghKJ4eQiEhO2S4FkkJQIdCAyJLkwMVinKmGSJoQRnniRglrZSSPpzF75dJ+6zm1Gvnt/VK4ypvpkiOyDGpEodckAa5IU3SIpxMyBN5Ji/Wo/VqvVnvP6MFK985JH9gfXwDxc6SKg==</latexit>

X

<latexit sha1_base64="hhkF9c1syjKFXOqeXKDM99v9J6U=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndH1Vrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu616hfthu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdXQZFp</latexit>

[Höhn’s terminology: 
covariant representation]



R
elational observables

Diffeomorphism 
invariance

In GR there are no local diffeomorphism-
invariant observables.

However, if     denotes the 
(spacetime) position of a particle, 

a diffeomorphism will map  

Thus          at the position of the 
particle, is diffeomorphism 

invariant, and hence observable.

R(X) 7! ' ⇤R('�1(X)) = R(X)

<latexit sha1_base64="ez4FmctMDo9iM3bE6kKxC0mDpnA=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBCiYNgVRS9C0ItHFaOBJIbesdXB2d1hpleQJV/hJ/gVXvXkTbyJ+C/Oxj34qlNRVU13V6iVtOT7b97Q8Mjo2Hhpojw5NT0zW5mbP7FJagQ2RaIS0wrBopIxNkmSwpY2CFGo8DS83sv90xs0VibxMd1q7EZwGcsLKYCc1KusHdVaK50ItKWEd27A6Cu5elQr2Fm2FvRdYIXv8DzYq1T9uj8A/0uCglRZgYNe5aNznog0wpiEAmvbga+pm4EhKRT2y53UogZxDZfYdjSGCG03G7zV58upBXeVRsOl4gMRv09kEFl7G4UuGQFd2d9eLv7ntVO62O5mMtYpYSzyRSQVDhZZYaTrC/m5NEgE+eXIZcwFGCBCIzkI4cTUFVh2fQS/v/9LTtbrwUZ983Cj2tgtmimxRbbEaixgW6zB9tkBazLB7tgDe2RP3r337L14r1/RIa+YWWA/4L1/ApF6oXM=</latexit>

R(x) 7! ' ⇤R(x)

<latexit sha1_base64="jgBnpwnaUYPtFSLxz6EyeBvsFm8=">AAACDHicbVC7TsNAEDyHVwivAA0SzYkICSgiG4GgjKChDIiESLEVrY8NnHK2T3drRBSFT+AraKGiQ7T8AwX/gh1S8JpqNLOrnZ1QK2nJdd+dwsTk1PRMcbY0N7+wuFReXmnaJDUCGyJRiWmFYFHJGBskSWFLG4QoVHgR9o5z/+IGjZVJfE59jUEEV7HsSgGUSZ3y2tnW7bYfgbaUcP8GjL6WO7nWKVfcqjsC/0u8MamwMeqd8od/mYg0wpiEAmvbnqspGIAhKRQOS35qUYPowRW2MxpDhDYYjD4Y8s3UQhZAo+FS8ZGI3zcGEFnbj8JsMgK6tr+9XPzPa6fUPQwGMtYpYSzyQyQVjg5ZYWRWDfJLaZAI8uTIZcwFGCBCIzkIkYlp1lUp68P7/f1f0tytenvV/dO9Su1o3EyRrbMNtsU8dsBq7ITVWYMJdsce2CN7cu6dZ+fFef0aLTjjnVX2A87bJ/wkmn4=</latexit>

X 7! '�1(X)

<latexit sha1_base64="00NFAMrhST050Sys0Lv48CthaBk=">AAACDXicbVC7TsNAEDyHd3gFqBDNiQgpFEQ2CoISQUMJEoFIcYjWx5KccrZPd+tIkRXxCXwFLVR0iJZvoOBfsEMKCEw1mtnVzk6glbTkuh9OYWp6ZnZufqG4uLS8slpaW7+ycWIE1kWsYtMIwKKSEdZJksKGNghhoPA66J3m/nUfjZVxdEkDja0QOpG8kwIok9qlzQb3Q9CWYu73weiuvEn3vGGlsdsuld2qOwL/S7wxKbMxztulT/82FkmIEQkF1jY9V1MrBUNSKBwW/cSiBtGDDjYzGkGItpWOXhjyncRClkGj4VLxkYg/N1IIrR2EQTYZAnXtpJeL/3nNhO6OWqmMdEIYifwQSYWjQ1YYmXWD/FYaJII8OXIZcQEGiNBIDkJkYpKVVcz68Ca//0uu9qterXpwUSsfn4ybmWdbbJtVmMcO2TE7Y+eszgS7Z4/siT07D86L8+q8fY8WnPHOBvsF5/0L48Sa/Q==</latexit>

X

<latexit sha1_base64="hhkF9c1syjKFXOqeXKDM99v9J6U=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndH1Vrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu616hfthu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdXQZFp</latexit>

Relational 
formalism

Physical 
coordinate 
systemConstruct a physical coordinate frame,


s.t. composed transformation leaves the tensor invariant.

R(X)

<latexit sha1_base64="1Vmsh4HqSI1xacZe/yj7QD85HXA=">AAAB9nicbVC7TsNAEDyHVwivACXNiQgpNJGNgqCMoKEMiDykxIrOl01yyvls3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pq7Cyura+UdwsbW3v7O6V9w/aJog0hxYPZKC7HjMghYIWCpTQDTUw35PQ8abXqd95AG1EoO5xFoLrs7ESI8EZptJdtXs6KFfsmp2BLhMnJxWSozkof/WHAY98UMglM6bn2CG6MdMouIR5qR8ZCBmfsjH0EqqYD8aNs6xzehIZhgENQVMhaSbC742Y+cbMfC+Z9BlOzKKXiv95vQhHl24sVBghKJ4eQiEhO2S4FkkJQIdCAyJLkwMVinKmGSJoQRnniRglrZSSPpzF75dJ+6zm1Gvnt/VK4ypvpkiOyDGpEodckAa5IU3SIpxMyBN5Ji/Wo/VqvVnvP6MFK985JH9gfXwDxc6SKg==</latexit>

X

<latexit sha1_base64="hhkF9c1syjKFXOqeXKDM99v9J6U=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndH1Vrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu616hfthu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdXQZFp</latexit>

[Höhn’s terminology: 
covariant representation]



R
elational observables

Diffeomorphism 
invariance

In GR there are no local diffeomorphism-
invariant observables.

However, if     denotes the 
(spacetime) position of a particle, 

a diffeomorphism will map  

Thus          at the position of the 
particle, is diffeomorphism 

invariant, and hence observable.

R(X) 7! ' ⇤R('�1(X)) = R(X)

<latexit sha1_base64="ez4FmctMDo9iM3bE6kKxC0mDpnA=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBCiYNgVRS9C0ItHFaOBJIbesdXB2d1hpleQJV/hJ/gVXvXkTbyJ+C/Oxj34qlNRVU13V6iVtOT7b97Q8Mjo2Hhpojw5NT0zW5mbP7FJagQ2RaIS0wrBopIxNkmSwpY2CFGo8DS83sv90xs0VibxMd1q7EZwGcsLKYCc1KusHdVaK50ItKWEd27A6Cu5elQr2Fm2FvRdYIXv8DzYq1T9uj8A/0uCglRZgYNe5aNznog0wpiEAmvbga+pm4EhKRT2y53UogZxDZfYdjSGCG03G7zV58upBXeVRsOl4gMRv09kEFl7G4UuGQFd2d9eLv7ntVO62O5mMtYpYSzyRSQVDhZZYaTrC/m5NEgE+eXIZcwFGCBCIzkI4cTUFVh2fQS/v/9LTtbrwUZ983Cj2tgtmimxRbbEaixgW6zB9tkBazLB7tgDe2RP3r337L14r1/RIa+YWWA/4L1/ApF6oXM=</latexit>

R(x) 7! ' ⇤R(x)

<latexit sha1_base64="jgBnpwnaUYPtFSLxz6EyeBvsFm8=">AAACDHicbVC7TsNAEDyHVwivAA0SzYkICSgiG4GgjKChDIiESLEVrY8NnHK2T3drRBSFT+AraKGiQ7T8AwX/gh1S8JpqNLOrnZ1QK2nJdd+dwsTk1PRMcbY0N7+wuFReXmnaJDUCGyJRiWmFYFHJGBskSWFLG4QoVHgR9o5z/+IGjZVJfE59jUEEV7HsSgGUSZ3y2tnW7bYfgbaUcP8GjL6WO7nWKVfcqjsC/0u8MamwMeqd8od/mYg0wpiEAmvbnqspGIAhKRQOS35qUYPowRW2MxpDhDYYjD4Y8s3UQhZAo+FS8ZGI3zcGEFnbj8JsMgK6tr+9XPzPa6fUPQwGMtYpYSzyQyQVjg5ZYWRWDfJLaZAI8uTIZcwFGCBCIzkIkYlp1lUp68P7/f1f0tytenvV/dO9Su1o3EyRrbMNtsU8dsBq7ITVWYMJdsce2CN7cu6dZ+fFef0aLTjjnVX2A87bJ/wkmn4=</latexit>

X 7! '�1(X)

<latexit sha1_base64="00NFAMrhST050Sys0Lv48CthaBk=">AAACDXicbVC7TsNAEDyHd3gFqBDNiQgpFEQ2CoISQUMJEoFIcYjWx5KccrZPd+tIkRXxCXwFLVR0iJZvoOBfsEMKCEw1mtnVzk6glbTkuh9OYWp6ZnZufqG4uLS8slpaW7+ycWIE1kWsYtMIwKKSEdZJksKGNghhoPA66J3m/nUfjZVxdEkDja0QOpG8kwIok9qlzQb3Q9CWYu73weiuvEn3vGGlsdsuld2qOwL/S7wxKbMxztulT/82FkmIEQkF1jY9V1MrBUNSKBwW/cSiBtGDDjYzGkGItpWOXhjyncRClkGj4VLxkYg/N1IIrR2EQTYZAnXtpJeL/3nNhO6OWqmMdEIYifwQSYWjQ1YYmXWD/FYaJII8OXIZcQEGiNBIDkJkYpKVVcz68Ca//0uu9qterXpwUSsfn4ybmWdbbJtVmMcO2TE7Y+eszgS7Z4/siT07D86L8+q8fY8WnPHOBvsF5/0L48Sa/Q==</latexit>

X

<latexit sha1_base64="hhkF9c1syjKFXOqeXKDM99v9J6U=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndH1Vrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu616hfthu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdXQZFp</latexit>

Relational 
formalism

Physical 
coordinate 
systemConstruct a physical coordinate frame,


s.t. composed transformation leaves the tensor invariant.

R(X)

<latexit sha1_base64="1Vmsh4HqSI1xacZe/yj7QD85HXA=">AAAB9nicbVC7TsNAEDyHVwivACXNiQgpNJGNgqCMoKEMiDykxIrOl01yyvls3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pq7Cyura+UdwsbW3v7O6V9w/aJog0hxYPZKC7HjMghYIWCpTQDTUw35PQ8abXqd95AG1EoO5xFoLrs7ESI8EZptJdtXs6KFfsmp2BLhMnJxWSozkof/WHAY98UMglM6bn2CG6MdMouIR5qR8ZCBmfsjH0EqqYD8aNs6xzehIZhgENQVMhaSbC742Y+cbMfC+Z9BlOzKKXiv95vQhHl24sVBghKJ4eQiEhO2S4FkkJQIdCAyJLkwMVinKmGSJoQRnniRglrZSSPpzF75dJ+6zm1Gvnt/VK4ypvpkiOyDGpEodckAa5IU3SIpxMyBN5Ji/Wo/VqvVnvP6MFK985JH9gfXwDxc6SKg==</latexit>

X

<latexit sha1_base64="hhkF9c1syjKFXOqeXKDM99v9J6U=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndH1Vrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu616hfthu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdXQZFp</latexit>

add matter fields

[Höhn’s terminology: 
covariant representation]
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Relational EAA

�rel.
k ⌘

Z
d4x ẽ(x)Lrel.

k (x) :=

Z
d4x ẽ(x)

X

i

aÎi
(k)OÎi(x)

<latexit sha1_base64="82G00u6iclP85irUhBRAv3Z4MjE="></latexit>
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k@k�
rel.
k = �1

2
Tr

⇣
�(2)
k +Rk

⌘�1 ⇣
�rel.(2)
k

⌘⇣
�(2)
k +Rk

⌘�1
k@kRk

�

<latexit sha1_base64="FpEo8oM3luBTzipu1ndIyInjifQ="></latexit>

Flow of the 
relational EAA

Relational EAA

�rel.
k ⌘

Z
d4x ẽ(x)Lrel.

k (x) :=

Z
d4x ẽ(x)

X

i

aÎi
(k)OÎi(x)

<latexit sha1_base64="82G00u6iclP85irUhBRAv3Z4MjE="></latexit>



As
ym

pt
ot

ic
 S

af
et

y
R

elational observables

k@k�
rel.
k = �1

2
Tr

⇣
�(2)
k +Rk

⌘�1 ⇣
�rel.(2)
k

⌘⇣
�(2)
k +Rk

⌘�1
k@kRk

�

<latexit sha1_base64="FpEo8oM3luBTzipu1ndIyInjifQ="></latexit>

Flow of the 
relational EAA

Relational EAA

�rel.
k ⌘

Z
d4x ẽ(x)Lrel.

k (x) :=

Z
d4x ẽ(x)

X

i

aÎi
(k)OÎi(x)

<latexit sha1_base64="82G00u6iclP85irUhBRAv3Z4MjE="></latexit>

6= p
g

<latexit sha1_base64="XqqQtVGKiMuUZy0lMP8gGFtSM4c=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIRCMpIFFAGiTyk2ETnyyaccj47d2ukyErDV9BCRYdo+RMK/gXbuICEqUYzu9rZ8SMpDNr2p1VaWl5ZXSuvVzY2t7Z3qrt7bRPGmkOLhzLUXZ8ZkEJBCwVK6EYaWOBL6Pjjy8zvPIA2IlS3OI3AC9hIiaHgDFPpzlUwoa6ZaKTJaNav1uy6nYMuEqcgNVKg2a9+uYOQxwEo5JIZ03PsCL2EaRRcwqzixgYixsdsBL2UKhaA8ZI89YwexYZhSCPQVEiai/B7I2GBMdPATycDhvdm3svE/7xejMMLLxEqihEUzw6hkJAfMlyLtA6gA6EBkWXJgQpFOdMMEbSgjPNUjNN+Kmkfzvz3i6R9UndO62c3p7XGVdFMmRyQQ3JMHHJOGuSaNEmLcKLJE3kmL9aj9Wq9We8/oyWr2Nknf2B9fAM7gZb9</latexit>
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rel.
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⇣
�(2)
k +Rk

⌘�1 ⇣
�rel.(2)
k

⌘⇣
�(2)
k +Rk

⌘�1
k@kRk

�

<latexit sha1_base64="FpEo8oM3luBTzipu1ndIyInjifQ="></latexit>

Flow of the 
relational EAA

Relational EAA

x

<latexit sha1_base64="NWVbpeiBMqV2moEafHd6Lo5ebdQ=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJREKkxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w+6JrKaQ4dHMtK9gBmQQkEHBUroxRpYGEi4C6bXmX/3ANqISN3iLAY/ZBMlxoIzTKX247Bac+tuDrpMvILUSIHWsPo1GEXchqCQS2ZM33Nj9BOmUXAJ88rAGogZn7IJ9FOqWAjGT/Kgc3piDcOIxqCpkDQX4fdGwkJjZmGQToYM782il4n/eX2L40s/ESq2CIpnh1BIyA8ZrkXaANCR0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3+P0y6Z7VvUb9vN2oNa+KZsrkiByTU+KRC9IkN6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BiSGRiQ==</latexit>

x̂

<latexit sha1_base64="Xw77I8oT1BvCTUrI6BqvvSBd+Ug=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsogkYeURNH6skmOnB+6WyOClX+ghYoO0fI3FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R395omiLTAhghUoNsuGFTSxwZJUtgONYLnKmy5k6vUb92jNjLwb2kaYs+DkS+HUgAlUrM7BuIP/XLFrtoZ+CJxclJhOer98ld3EIjIQ5+EAmM6jh1SLwZNUiiclbqRwRDEBEbYSagPHppenKWd8aPIAAU8RM2l4pmIvzdi8IyZem4y6QGNzbyXiv95nYiGF71Y+mFE6Iv0EEmF2SEjtExqQD6QGokgTY5c+lyABiLUkoMQiRglvZSSPpz57xdJ86TqnFbPbk4rtcu8mSI7YIfsmDnsnNXYNauzBhPsjj2xZ/ZiPVqv1pv1/jNasPKdffYH1sc39vuTdA==</latexit>

X̂ µ̂(x) = x̂µ̂

<latexit sha1_base64="EKjDaf6Cg8TzTV9fkeDDZh4ED5E=">AAACHnicbVC7TsNAEDyHd3gFKGlOREiBIrJREDRICBpKkEiIlJhofdnAKeeH7tYoyMo/8Al8BS1UdIgWCv4F26QIgWludmZXeztepKQh2/60ClPTM7Nz8wvFxaXlldXS2nrDhLEWWBehCnXTA4NKBlgnSQqbkUbwPYVXXv8086/uUBsZBpd0H6Hrw00ge1IApVKntNu+BeLN6yR/23485JXBDj/ieT3gY0anVLardg7+lzgjUmYjnHdKX+1uKGIfAxIKjGk5dkRuApqkUDgstmODEYg+3GArpQH4aNwkv2nIt2MDFPIINZeK5yKOTyTgG3Pve2mnD3RrJr1M/M9rxdQ7dBMZRDFhILJFJBXmi4zQMg0LeVdqJILs58hlwAVoIEItOQiRinGaXjHNw5m8/i9p7FWdWnX/olY+PhklM8822RarMIcdsGN2xs5ZnQn2wJ7YM3uxHq1X6816/2ktWKOZDfYL1sc3zB+hPg==</latexit>

xµ = Xµ(x̂)

<latexit sha1_base64="eJ7U9gUVV+aSkzY8Lb+4LwmABLs=">AAACCnicbVC7TgJREL3rE/GFmtjY3EhMsCG7BqONCdHGEhN5JIBk9jLADXcfuXfWQJA/8CtstbIztv6Ehf/islIoeJo5OWcmM3PcUElDtv1pLSwuLa+sptbS6xubW9uZnd2KCSItsCwCFeiaCwaV9LFMkhTWQo3guQqrbv9q4lfvURsZ+Lc0DLHpQdeXHSmAYqmV2R/cNbyIX/BaUnONHhAfHLcyWTtvJ+DzxJmSLJui1Mp8NdqBiDz0SSgwpu7YITVHoEkKheN0IzIYguhDF+sx9cFD0xwl94/5UWSAAh6i5lLxRMTfEyPwjBl6btzpAfXMrDcR//PqEXXOmyPphxGhLyaLSCpMFhmhZRwM8rbUSASTy5FLnwvQQIRachAiFqM4qXSchzP7/TypnOSdQv70ppAtXk6TSbEDdshyzGFnrMiuWYmVmWAP7Ik9sxfr0Xq13qz3n9YFazqzx/7A+vgGxa+ZOw==</latexit>

eµ̂µ(x) = @µX̂
µ̂(x)

<latexit sha1_base64="R5QHFKlgftrGSigSRCoTeKLXSf4=">AAACLXicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoh6EoBePEcwDsjH0jp04OPtgpleUJd/iJ/gVXvXkQVCv/oa7aw7RWIehqK6mpsuLlDRk22/W1PTM7Nx8YaG4uLS8slpaW2+aMNYCGyJUoW57YFDJABskSWE70gi+p7Dl3Zxm89YtaiPD4ILuI+z6MAhkXwqgVOqVjvAyca+BuOvHw1768MrdDj/mbgSaJKhcyg3tMWNm6pXKdtXOwSeJMyJlNkK9V/pwr0IR+xiQUGBMx7Ej6iZZjlA4LLqxwQjEDQywk9IAfDTdJD9xyLdjAxTyCDWXiucijm8k4Btz73up0we6Nn9nmfjfrBNT/7CbyCCKCQORBZFUmAcZoWXaHfIrqZEIsp8jlwEXoIEIteQgRCrGaZnFtA/n7/WTpLlbdfaq++d75drJqJkC22RbrMIcdsBq7IzVWYMJ9sCe2DN7sR6tV+vd+vyxTlmjnQ32C9bXN9hmp3Q=</latexit>

ẽ = det eµ̂µ

<latexit sha1_base64="WR4wyxqZLkNTAJy0jFa0Pn77/bQ=">AAACF3icbVC7SgNBFJ31bXxFLW0Gg2AVdkXRRhBtLCOYKGTXcHf2Jhky+2DmrhCWfICf4FfYamUntpYW/ouzMYWvUwyHc+7lzjlhpqQh1313pqZnZufmFxYrS8srq2vV9Y2WSXMtsClSlerrEAwqmWCTJCm8zjRCHCq8CgdnpX91i9rINLmkYYZBDL1EdqUAslKnWuPcJ6ki5MiPuR8hcbwp/D4Q9+N81LFPxU65dXcM/pd4E1JjEzQ61Q8/SkUeY0JCgTFtz80oKECTFApHFT83mIEYQA/bliYQowmKcZgR38kNUMoz1FwqPhbx+0YBsTHDOLSTMVDf/PZK8T+vnVP3KChkkuWEiSgP2eA4PmSElrYl5JHUSATlz5HLhAvQQIRachDCirmtrezD+53+L2nt1b39+sHFfu3kdNLMAtti22yXeeyQnbBz1mBNJtgde2CP7Mm5d56dF+f1a3TKmexssh9w3j4BSNGeWA==</latexit>

�rel.
k ⌘

Z
d4x ẽ(x)Lrel.

k (x) :=

Z
d4x ẽ(x)

X

i

aÎi
(k)OÎi(x)

<latexit sha1_base64="82G00u6iclP85irUhBRAv3Z4MjE="></latexit>

6= p
g

<latexit sha1_base64="XqqQtVGKiMuUZy0lMP8gGFtSM4c=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIRCMpIFFAGiTyk2ETnyyaccj47d2ukyErDV9BCRYdo+RMK/gXbuICEqUYzu9rZ8SMpDNr2p1VaWl5ZXSuvVzY2t7Z3qrt7bRPGmkOLhzLUXZ8ZkEJBCwVK6EYaWOBL6Pjjy8zvPIA2IlS3OI3AC9hIiaHgDFPpzlUwoa6ZaKTJaNav1uy6nYMuEqcgNVKg2a9+uYOQxwEo5JIZ03PsCL2EaRRcwqzixgYixsdsBL2UKhaA8ZI89YwexYZhSCPQVEiai/B7I2GBMdPATycDhvdm3svE/7xejMMLLxEqihEUzw6hkJAfMlyLtA6gA6EBkWXJgQpFOdMMEbSgjPNUjNN+Kmkfzvz3i6R9UndO62c3p7XGVdFMmRyQQ3JMHHJOGuSaNEmLcKLJE3kmL9aj9Wq9We8/oyWr2Nknf2B9fAM7gZb9</latexit>
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<latexit sha1_base64="L2T7TSphkDjhISJP4zuDDGl6Fik="></latexit>
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<latexit sha1_base64="L2T7TSphkDjhISJP4zuDDGl6Fik="></latexit>

'µ̂ = X̂ µ̂
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Running observables in AS

◉ Comparing in detail the consequences of the Asymptotic Safety Scenario with 
observations represents one of the main challenges. 

◉ Starting from the safe harbor of asympotically safe gravity, we developed 
new methods for extracting physical contents, by constructing relational 
observables.

◉ Which are “good observables”? How are they constructed? Inspiration from 
cosmology?

◉ Contact with different approaches of Quantum Gravity?
◉ At the level of the scaling exponents, e.g. scaling of the correlation functions
◉ At the level of the RG computations ?
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