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• Report on work in progress generalizing earlier work (Frodden, Ghosh, Noui, Perez, Asin, Achor, 
Geiller, Major, Setter,...) to the Kottler (and Carter?) spacetime

Motivation

Asymptotic safety and causal dynamical triangulations approaches rely on the existence of a cosmological 
constant.

One could build spacetime from homogeneously curved building blocks 

In 3+1 approach if blocks are solutions to Einstein’s equations,  scalar constraint has boundary terms 
- the Hamiltonian or quasi-local energy.  

What can we learn about these ideas from black hole spacetimes? 

Bianchi,Dona,Speziale

• Could the existence of a cosmological constant affect the statistical mechanics of black holes?

• How is the quasi-local energy related to the local energy used in the statistical description?
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Review of Kottler (1918) or Schwarzschild-de Sitter spacetime solution
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• Exclusively in the regime where 0 < 9⇤M2 < 1
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with

• Cosmological horizon is on the same order as the size of the observable universe so there is 
lots of room for effective asymptotics.

⇠a = (@t)
a and  a = (@')

a
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• Two Killing vectors
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and

similar to Schwarschild and Kerr

Gibbons and Hawking 1977

• Kerr- de Sitter generalization is “Carter spacetime”
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Family of static (or ZAMO) observers
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• Near horizon

AH = 4⇡r2
H

' 16⇡M2

✓
1 +

8⇤M2

3

◆

<latexit sha1_base64="/dopPWLacRO2wLgHnSTMd9OU2C0="></latexit>

�a = ⇠a + ⌦ a
<latexit sha1_base64="JTAP0EC56AFegkaZpC+atOPOw34=">AAACB3icbVDLSgMxFM34rPU16lKQYBEEocxUQTdC0Y07K9gHdMaSSTNtaJIZkoxYhu7c+CtuXCji1l9w59+YaWehrQdCTs65l5t7gphRpR3n25qbX1hcWi6sFFfX1jc27a3thooSiUkdRyySrQApwqggdU01I61YEsQDRprB4DLzm/dEKhqJWz2Mic9RT9CQYqSN1LH3PNyndwieQ+8hu4+gd81JD0EvVubdsUtO2RkDzhI3JyWQo9axv7xuhBNOhMYMKdV2nVj7KZKaYkZGRS9RJEZ4gHqkbahAnCg/He8xggdG6cIwkuYIDcfq744UcaWGPDCVHOm+mvYy8T+vnejwzE+piBNNBJ4MChMGdQSzUGCXSoI1GxqCsKTmrxD3kURYm+iKJgR3euVZ0qiU3eNy5eakVL3I4yiAXbAPDoELTkEVXIEaqAMMHsEzeAVv1pP1Yr1bH5PSOSvv2QF/YH3+AJGVl9o=</latexit>

` =

Z rH+⇢

rH

p
grrdr ' 2

p
2
p

M⇢

✓
1 +

8⇤M2

3

◆

<latexit sha1_base64="fl28pJmmdwWui9LanvKnfJYbNL4="></latexit>

r = rH + ⇢
<latexit sha1_base64="5t0EBOP7jJqp6aZLmW+65r+jcR0=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfQiFL30WMF+QLuWbJptQ7PJkmSVsvR/ePGgiFf/izf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O/dYjVZpJcW/GMfUjPBAsZAQbKz0odI1Ur4bOUFcNZa9YcsvuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9nV0/QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNMIUJ8pSgwfW4KJYvZWRIZYYWJsUAUbgrf48jJpVsreeblyd1Gq3mRx5OEIjuEUPLiEKtSgDg0goOAZXuHNeXJenHfnY96ac7KZQ/gD5/MHX0GRIg==</latexit>

Proper distance from horizon

Horizon area

( )

For static observers

• Using local first law framework (Frodden, Ghosh, Perez) - generalizing to Kottler (and Carter) 
spacetimes 
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Quasi-local energies
• Brown-York quasi-local energy - the boundary term that arises in the variation of the action.  
Depends on the trace of extrinsic curvature compared to reference spacetime
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At radius r=R in Kottler spacetime (assume vacuum is with    )

near horizon 
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Better choices? Misner-Sharp, Komar, Kijowski, Liu-Yau...?  
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For now use Frodden, Ghosh, Perez energy
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Quantum group

Admissible spins
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Quantum number

q = e2⇡i/(k+2)
<latexit sha1_base64="xTPudqAAZeTJujGm6tBe7cKefHU=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiBEhDgzCnoRgl48RjALJGPo6dQkTXoWu3uEOAR/xYsHRbz6H978GzvJHDTxQcHjvSqq6nkxZ1JZ1rcxN7+wuLScW8mvrq1vbJpb2zUZJYJClUY8Eg2PSOAshKpiikMjFkACj0Pd61+N/PoDCMmi8FYNYnAD0g2ZzyhRWmqbu/cXGO5SB7dihtlxsX/kHA7bZsEqWWPgWWJnpIAyVNrmV6sT0SSAUFFOpGzaVqzclAjFKIdhvpVIiAntky40NQ1JANJNx9cP8YFWOtiPhK5Q4bH6eyIlgZSDwNOdAVE9Oe2NxP+8ZqL8czdlYZwoCOlkkZ9wrCI8igJ3mACq+EATQgXTt2LaI4JQpQPL6xDs6ZdnSc0p2Scl5+a0UL7M4sihPbSPishGZ6iMrlEFVRFFj+gZvaI348l4Md6Nj0nrnJHN7KA/MD5/AIvUk1g=</latexit>

[n] =
qn/2 � q�n/2

q1/2 � q�1/2
<latexit sha1_base64="K8oVq2M0+9XHBh7LwXiPWUWViTY=">AAACHHicbZDLSsNAFIYnXmu9RV26GSyCm9akFXQjFN24rGAvkMYymU7aoZNJnJkIJeRB3Pgqblwo4saF4Ns4aQNq6w8DH/85hzPn9yJGpbKsL2NhcWl5ZbWwVlzf2NzaNnd2WzKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RpdZvX1PhKQhv1HjiLgBGnDqU4yUtnpmzeEuPIddXyCc3N0m/LiawjLUVM4wzTz7x8sw7Zklq2JNBOfBzqEEcjV65ke3H+I4IFxhhqR0bCtSboKEopiRtNiNJYkQHqEBcTRyFBDpJpPjUnionT70Q6EfV3Di/p5IUCDlOPB0Z4DUUM7WMvO/mhMr/8xNKI9iRTieLvJjBlUIs6RgnwqCFRtrQFhQ/VeIh0jnpHSeRR2CPXvyPLSqFbtWqV6flOoXeRwFsA8OwBGwwSmogyvQAE2AwQN4Ai/g1Xg0no03433aumDkM3vgj4zPb8LWn0o=</latexit>

a =
�~
[2]

p
[n][n+ 2]

<latexit sha1_base64="w1UxzQtRH6y5b1obi+/6f+kp+Bk=">AAACFXicbVBNSwMxEM36WevXqkcvwSIIStmtgl6EohePCrYVdpcym2bb0CS7JlmhLP0TXvwrXjwo4lXw5r8xrT1o9cHAy3szZObFGWfaeN6nMzM7N7+wWFoqL6+srq27G5tNneaK0AZJeapuYtCUM0kbhhlObzJFQcSctuL++chv3VGlWSqvzSCjkYCuZAkjYKzUdg8An+IwUUCKsAtCAA57MahhEdSiIQ71rTJFIKNA7tt32614VW8M/Jf4E1JBE1y23Y+wk5JcUGkIB60D38tMVIAyjHA6LIe5phmQPnRpYKkEQXVUjK8a4l2rdHCSKlvS4LH6c6IAofVAxLZTgOnpaW8k/ucFuUlOooLJLDdUku+Pkpxjk+JRRLjDFCWGDywBopjdFZMe2IiMDbJsQ/CnT/5LmrWqf1itXR1V6meTOEpoG+2gPeSjY1RHF+gSNRBB9+gRPaMX58F5cl6dt+/WGWcys4V+wXn/Ao/HnnY=</latexit>

Area for plaquette

a root of unity

k =
6⇡

~⇤
<latexit sha1_base64="6f8RHLxfUdH6KT8pH23j5l9rcWo=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBbBVUmqqBuh6MaFiwq2FZpQJpNJO3TyYGYilJCdG3/FjQtF3PoL7vwbp20W2nrgwuGce2fuPV7CmVSW9W2UFhaXllfKq5W19Y3NLXN7py3jVBDaIjGPxb2HJeUsoi3FFKf3iaA49DjteMOrsd95oEKyOLpTo4S6Ie5HLGAEKy31zP3hBXICgUl2ipyE5Zkz8LBAzo1+wsd5z6xaNWsCNE/sglShQLNnfjl+TNKQRopwLGXXthLlZlgoRjjNK04qaYLJEPdpV9MIh1S62eSOHB1qxUdBLHRFCk3U3xMZDqUchZ7uDLEayFlvLP7ndVMVnLsZi5JU0YhMPwpSjlSMxqEgnwlKFB9pgolgeldEBlinonR0FR2CPXvyPGnXa/ZxrX57Um1cFnGUYQ8O4AhsOIMGXEMTWkDgEZ7hFd6MJ+PFeDc+pq0lo5jZhT8wPn8ADBOYzA==</latexit>

Quantum gravity with ⇤
<latexit sha1_base64="+7Vn0mJYfaZ//RcqBhLwm7cUdf0=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrtR0DJoY2ERwTwgWcLd2dlkyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTFHWpIlIVCdAzQSXrGm4EayTKoZxIFg7GN3O/PYTU5on8tGMU+bHOJA84hSNldq9exsNsV+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mS+7pScWSUkUaLsk4bM1d8TE4y1HseBTcZohnrZm4n/ed3MRNf+hMs0M0zSxUdRJohJyOx2EnLFqBFjS5AqbncldIgKqbENlWwJ3vLJq6RVq3oX1drDZaV+k9dRhBM4hXPw4ArqcAcNaAKFETzDK7w5qfPivDsfi2jByWeO4Q+czx8M849h</latexit>

• tantalizing connection between Chern-Simons theory and Turaev-Viro models 

• based on these analogies we work with a deformed group with 

This is the source of the correction due to the cosmological constant

Given the speculative nature of the area operator, don’t take numerical coefficients too seriously 

n = 2j
<latexit sha1_base64="L1gfqUTXePjtO2MS2aGvjT3/tuw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtBb0IRS8eK9gPaJeSTbNtbJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxmfueJKs0i+WCmMfUFHkkWMoJNJsnr2uOgXHGr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+Sdq3qXVRr9/VK4yaPowgncArn4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/kgmN7Q==</latexit>

only an ansatz!

“There are only three things you need to know...” (Mo Wilems)

Turaev,Viro, Major, Smolin, Borrisov, Haggard, Han, Kaminski, 
Riello, Dupuis, Girelli, Dittrich, Bahr, Bianchi, Alexander, ...
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Single plaquette partition function

• For single particle of geometry (plaquette in the boundary)

Ej = ✏
p

j(j + 1)
<latexit sha1_base64="uYWQFZYGSs1gyfMQ+0YZr/MV00Q=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahIpSkCroRiiK4rGAf0IQwmU7aaSeTODMRSujGjb/ixoUibv0Hd/6N0zYLbT1w4XDOvdx7jx8zKpVlfRu5hcWl5ZX8amFtfWNzy9zeacgoEZjUccQi0fKRJIxyUldUMdKKBUGhz0jTH1yN/eYDEZJG/E4NY+KGqMtpQDFSWvLM/WuvDy+gQ2JJWcShI++FSvul/rF9NPLMolW2JoDzxM5IEWSoeeaX04lwEhKuMENStm0rVm6KhKKYkVHBSSSJER6gLmlrylFIpJtOvhjBQ610YBAJXVzBifp7IkWhlMPQ150hUj05643F/7x2ooJzN6U8ThTheLooSBhUERxHAjtUEKzYUBOEBdW3QtxDAmGlgyvoEOzZl+dJo1K2T8qV29Ni9TKLIw/2wAEoARucgSq4ATVQBxg8gmfwCt6MJ+PFeDc+pq05I5vZBX9gfP4Aqi6XZw==</latexit>

with ✏ =
�~
8⇡`

<latexit sha1_base64="KvyI9e/9XnZXRffOeyhq7Ob/U/4=">AAACE3icbVA9SwNBEN3zM8avqKXNYhDEItypYBohaGMZwSRCLoS5zVyyuLt37O4J4ch/sPGv2FgoYmtj579x81H49WDg8d4MM/OiVHBjff/Tm5tfWFxaLqwUV9fWNzZLW9tNk2SaYYMlItE3ERgUXGHDcivwJtUIMhLYim4vxn7rDrXhibq2wxQ7EvqKx5yBdVK3dBhiarhIFD2jYayB5WEfpAQaDiLQo7xKw5TTEIUYdUtlv+JPQP+SYEbKZIZ6t/QR9hKWSVSWCTCmHfip7eSgLWcCR8UwM5gCu4U+th1VINF08slPI7rvlB6NE+1KWTpRv0/kII0Zysh1SrAD89sbi/957czG1U7OVZpZVGy6KM4EtQkdB0R7XCOzYugIMM3drZQNwCVjXYxFF0Lw++W/pHlUCY4rR1cn5dr5LI4C2SV75IAE5JTUyCWpkwZh5J48kmfy4j14T96r9zZtnfNmMzvkB7z3L043ncw=</latexit>

dj = [n+ 1]
<latexit sha1_base64="lw8ZFw+JEQyP25zDwVHczfIr+08=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBZBEEpSBb0IRS8eK9gPSEPZbDbt2s0m7G6EEvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvCDlTGnH+bZKK6tr6xvlzcrW9s7unr1/0FZJJgltkYQnshtgRTkTtKWZ5rSbSorjgNNOMLqd+p0nKhVLxIMep9SP8UCwiBGsjdQL+4/oGnnizPVR3646NWcGtEzcglShQLNvf/XChGQxFZpwrJTnOqn2cyw1I5xOKr1M0RSTER5Qz1CBY6r8fHbzBJ0YJURRIk0JjWbq74kcx0qN48B0xlgP1aI3Ff/zvExHV37ORJppKsh8UZRxpBM0DQCFTFKi+dgQTCQztyIyxBITbWKqmBDcxZeXSbtec89r9fuLauOmiKMMR3AMp+DCJTTgDprQAgIpPMMrvFmZ9WK9Wx/z1pJVzBzCH1ifP9tRkEI=</latexit>

• Degeneracy

under q deformation

Ej =
✏

[2]

p
[n][n+ 2] '

�
j + 1

2

�
"
1� 1

6

✓
~⇤
3

◆2 �
j + 1

2

�
#

<latexit sha1_base64="KLbqHV5+J+90fpakVuALmRu2kEE="></latexit>

two limits - large    and small j
<latexit sha1_base64="sezUAcifLCsPU4ANWRbU4nmBeg4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLA7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAXj+7nfekKleSwfzSRBP6IDyUPOqLFSfdQrltyyuwBZJ15GSpCh1it+dfsxSyOUhgmqdcdzE+NPqTKcCZwVuqnGhLIxHWDHUkkj1P50ceiMXFilT8JY2ZKGLNTfE1MaaT2JAtsZUTPUq95c/M/rpCa89adcJqlByZaLwlQQE5P516TPFTIjJpZQpri9lbAhVZQZm03BhuCtvrxOmpWyd1Wu1K9L1bssjjycwTlcggc3UIUHqEEDGCA8wyu8OSPnxXl3PpatOSebOYU/cD5/ANJPjPI=</latexit>

⇤
<latexit sha1_base64="+7Vn0mJYfaZ//RcqBhLwm7cUdf0=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrtR0DJoY2ERwTwgWcLd2dlkyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTFHWpIlIVCdAzQSXrGm4EayTKoZxIFg7GN3O/PYTU5on8tGMU+bHOJA84hSNldq9exsNsV+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mS+7pScWSUkUaLsk4bM1d8TE4y1HseBTcZohnrZm4n/ed3MRNf+hMs0M0zSxUdRJohJyOx2EnLFqBFjS5AqbncldIgKqbENlWwJ3vLJq6RVq3oX1drDZaV+k9dRhBM4hXPw4ArqcAcNaAKFETzDK7w5qfPivDsfi2jByWeO4Q+czx8M849h</latexit>

Z1
<latexit sha1_base64="x7p3761RoBZBjFVyTF7mNEr5cuo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHfO42G</latexit>

• Partition function

Z1 =
X

nk

[n+ 1]e��✏
p

[n][n+1]/[2]

<latexit sha1_base64="TDJgqQTCPrUV+SwQxqRYYm2Q4Tg="></latexit>

two limits - large    and large j
<latexit sha1_base64="sezUAcifLCsPU4ANWRbU4nmBeg4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLA7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAXj+7nfekKleSwfzSRBP6IDyUPOqLFSfdQrltyyuwBZJ15GSpCh1it+dfsxSyOUhgmqdcdzE+NPqTKcCZwVuqnGhLIxHWDHUkkj1P50ceiMXFilT8JY2ZKGLNTfE1MaaT2JAtsZUTPUq95c/M/rpCa89adcJqlByZaLwlQQE5P516TPFTIjJpZQpri9lbAhVZQZm03BhuCtvrxOmpWyd1Wu1K9L1bssjjycwTlcggc3UIUHqEEDGCA8wyu8OSPnxXl3PpatOSebOYU/cD5/ANJPjPI=</latexit>

k
<latexit sha1_base64="S3l8nnBLDerjgmOsR9KRP3N3+lk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f09OM8w==</latexit>

n = 2j
<latexit sha1_base64="L1gfqUTXePjtO2MS2aGvjT3/tuw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtBb0IRS8eK9gPaJeSTbNtbJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxmfueJKs0i+WCmMfUFHkkWMoJNJsnr2uOgXHGr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+Sdq3qXVRr9/VK4yaPowgncArn4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/kgmN7Q==</latexit>

Z1 ' 2
X

m

m
h
1� 1

6

�~⇤
3

�2i
e��✏m(1�(1/6)(~⇤/3)2 m2)

<latexit sha1_base64="CTmn519fBpzjoTqMJjY3ZMsL1L8="></latexit>

m = j + 1/2
<latexit sha1_base64="f3jz+1XlPORBX/Z9mZLqeSe6wao=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRZBEOpuFfQiFL14rGA/YLuUbJptY5PNkmSFsvRnePGgiFd/jTf/jWm7B60+GHi8N8PMvDDhTBvX/XIKS8srq2vF9dLG5tb2Tnl3r6VlqghtEsml6oRYU85i2jTMcNpJFMUi5LQdjm6mfvuRKs1kfG/GCQ0EHsQsYgQbK/kCXaEHdIK801qvXHGr7gzoL/FyUoEcjV75s9uXJBU0NoRjrX3PTUyQYWUY4XRS6qaaJpiM8ID6lsZYUB1ks5Mn6MgqfRRJZSs2aKb+nMiw0HosQtspsBnqRW8q/uf5qYkug4zFSWpoTOaLopQjI9H0f9RnihLDx5Zgopi9FZEhVpgYm1LJhuAtvvyXtGpV76xauzuv1K/zOIpwAIdwDB5cQB1uoQFNICDhCV7g1THOs/PmvM9bC04+sw+/4Hx8AzLbjz0=</latexit>
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Single plaquette partition function Z1
<latexit sha1_base64="x7p3761RoBZBjFVyTF7mNEr5cuo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHfO42G</latexit>

Z1 '
✓

1

�✏

◆2 
1 + 1

3

⇣
~⇤
�✏

⌘2
�

<latexit sha1_base64="1XJdKAWucsENUL3XUIQMamaOFh4="></latexit>

a quick integration gives

Z = 1
N !Z

N
1

<latexit sha1_base64="NYFr93NB5rtnpONAvfe4KTUcBU8=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbEaDYBV2o6CNELSxChHMgyRrmJ3MJkNmH8zMCmHZxl+xsVDE1s+w82+cJFto4oELh3Pu5d573IgzqSzr28gtLa+sruXXCxubW9s75u5eQ4axILROQh6Klosl5SygdcUUp61IUOy7nDbd0c3Ebz5SIVkY3KtxRB0fDwLmMYKVlnrmQRtdoa7yBCaJnSbVoxS1e/ZDtWcWrZI1BVokdkaKkKHWM7+6/ZDEPg0U4VjKjm1FykmwUIxwmha6saQRJiM8oB1NA+xT6STTB1J0opU+8kKhK1Boqv6eSLAv5dh3daeP1VDOexPxP68TK+/SSVgQxYoGZLbIizlSIZqkgfpMUKL4WBNMBNO3IjLEOgylMyvoEOz5lxdJo1yyz0rlu/Ni5TqLIw+HcAynYMMFVOAWalAHAik8wyu8GU/Gi/FufMxac0Y2sw9/YHz+AJaMlR4=</latexit>

• For indistinguishable plaquettes

U = �@� lnZ =
⇣

2N
�

⌘ h
1 + 1

3

�~⇤
3

�2i

<latexit sha1_base64="Y23NvVs1IjYOXnoFDlxemWp7MB4="></latexit>

• Thermodynamic quantities - energy

S = �U � lnZ
<latexit sha1_base64="wqz+7TM+9OD19tPj37wUvXQexX0=">AAAB/HicbVBNS8NAEJ3Ur1q/qj16WSyCF0tSBb0IRS8eK9pWbELZbDft0s0m7G6EEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz8/yYM6Vt+9sqLC2vrK4V10sbm1vbO+XdvbaKEkloi0Q8kvc+VpQzQVuaaU7vY0lx6HPa8UdXE7/zSKVikbjTaUy9EA8ECxjB2ki9cuUWXSDXpxqjFjpGLhfooVeu2jV7CrRInJxUIUezV/5y+xFJQio04ViprmPH2suw1IxwOi65iaIxJiM8oF1DBQ6p8rLp8WN0aJQ+CiJpSmg0VX9PZDhUKg190xliPVTz3kT8z+smOjj3MibiRFNBZouChCMdoUkSqM8kJZqnhmAimbkVkSGWmGiTV8mE4My/vEja9ZpzUqvfnFYbl3kcRdiHAzgCB86gAdfQhBYQSOEZXuHNerJerHfrY9ZasPKZCvyB9fkDj0+Sxw==</latexit>

entropy

for local acceleration and Unruh temperature

= �✏
A

�~ �N lnZ1

! A

4~ �N lnZ1
<latexit sha1_base64="2hjXTYCtt6FNgfWMftRink4xt0I="></latexit>
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Single plaquette partition function Z1
<latexit sha1_base64="x7p3761RoBZBjFVyTF7mNEr5cuo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHfO42G</latexit>

So the first term is the expected BH entropy - what of the rest?

• A variety of approaches - fix Immirzi parameter, add chemical potential, include holographic dof, ...

⇣
4
�

⌘2

1 + 1

3

⇣
4~⇤
�

⌘2
�
= 1

<latexit sha1_base64="Vy3URS4I+Y9RlhP4U8myC2VSCmw="></latexit>

For first approach ...

Depends on    ! Interpretation unclear⇤
<latexit sha1_base64="+7Vn0mJYfaZ//RcqBhLwm7cUdf0=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrtR0DJoY2ERwTwgWcLd2dlkyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTFHWpIlIVCdAzQSXrGm4EayTKoZxIFg7GN3O/PYTU5on8tGMU+bHOJA84hSNldq9exsNsV+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mS+7pScWSUkUaLsk4bM1d8TE4y1HseBTcZohnrZm4n/ed3MRNf+hMs0M0zSxUdRJohJyOx2EnLFqBFjS5AqbncldIgKqbENlWwJ3vLJq6RVq3oX1drDZaV+k9dRhBM4hXPw4ArqcAcNaAKFETzDK7w5qfPivDsfi2jByWeO4Q+czx8M849h</latexit>

Or maybe renormalization? Microscopic effective Newton’s constant could be renormalized 
relative to         perhaps like this

�G

GN
= 1� �

2 ln �
4


1 + 1

3

⇣
4~G⇤

�

⌘2
�

<latexit sha1_base64="JO0LBR1frK89hvTPv6FHhV0GJEY="></latexit>

GN
<latexit sha1_base64="jIJHgNOiJGd4jgrUYgM+ljOv1H8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BD3qSiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSkHnEccz+kAyX6glG00sNN965bLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3Pjp7NQJObFKj/QjbUshmam/J1IaGjMOA9sZUhyaRW8q/ue1E+xf+qlQcYJcsfmifiIJRmT6N+kJzRnKsSWUaWFvJWxINWVo0ynYELzFl5dJo1L2zsqV+/NS9SqLIw9HcAyn4MEFVOEWalAHBgN4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/7j2NkA==</latexit>

or with scale set by hji
<latexit sha1_base64="J1gHK6iPwe+ZfuRHQvdsey0gVrg=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkpSBV0W3bisYC/QhDKZTtqxk0mYmSgl9lHcuFDErU/izrdxmmahrT8MfPznHM6ZP0g4U9pxvq2V1bX1jc3SVnl7Z3dv364ctFWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9n9c4DlYrF4k5PEupHeChYyAjWxurbFY9jMeQU3SNP5tS3q07NyYWWwS2gCoWaffvLG8QkjajQhGOleq6TaD/DUjPC6bTspYommIzxkPYMChxR5Wf56VN0YpwBCmNpntAod39PZDhSahIFpjPCeqQWazPzv1ov1eGlnzGRpJoKMl8UphzpGM1yQAMmKdF8YgATycytiIywxESbtMomBHfxy8vQrtfcs1r99rzauCriKMERHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxbV6xi5hD+yPr8AbnSk6c=</latexit>
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On black holes and the cosmological constant

• Cosmological constant affects both the quasi-local energy and the statistical description of 
black holes

• Kottler (and Carter)  spacetimes could have lessons for the larger goal constructing 
spacetime from fundamental blocks 
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