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Asymptotically Safe Quantum 
Gravity



Gravity
• Gravity is oldest known force of nature


• Classically very well explained by general  
relativity


• Perihelion precession of Mercury


• Gravitational Waves


• Black Holes


• Quantum gravity is an open problem for more than 70 years…


• Black hole information paradox
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Quantum Field Theory

• Quantum Field Theory well established in 
particle physics


• Standard Model


• Measurement of Higgs particle


• Which QFTs can be fundamental theories?
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QED vs QCD
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Asymptotic Safety
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QFT and Gravity
• Can Gravity be formulated as a QFT?


• As an effective field theory - Yes!


• But, gravity is perturbatively non-renormalisable  
 

 

• Asymptotic Safety?


• Infinite Number of Couplings?

𝒮 = ∫ ddx g [λ0 + λ1R + λ2,1R2 + λ2,2RμνRμν + λ2,3RρσμνRρσμν + …]
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The UV Critical Surface
• Couplings required to flow into 

fixed point


• All trajectories flowing into UV 
fixed point form UV critical 
surface (purple)


• Asymptotically safe trajectory 
has to stay on UV critical 
surface


• Only the relevant directions are 
free parameters
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RG Flow Close to a Fixed Point
• Expansion of beta functions around fixed point  

                                  


• Flow solved using eigenspectrum 
 
                               ,        


• : Eigenmode diverges in UV (Irrelevant Direction)


• : Eigenmode vanishes in UV (Relevant Direction)


• Dimensionality of UV critical surface given by the number of relevant directions

λ*
βi = ℳij(λj − λ*j ) + 𝒪 (λj − λ*j )

2

ℳijv(ℓ)
j = θℓv(ℓ)

i λi − λ*j = ∑
ℓ

𝒞ℓv(ℓ)
i etθℓ

θℓ > 0

θℓ < 0
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FRG in Quantum Gravity



Functional Renormalisation Group
•  is scale dependent Legendre effective action (effective average action)


• 


• 


• RG-scale dependence introduced by IR regulator (background field method) in path 
integral 

                       


• Functional Renormalisation Group 

                                       

Γk

Γk
k→∞→ S

Γk
k→0→ Γ

ℐ[g] = ∫ 𝒟hμν e− ∫ ddx ghμνℛμνρσ
k [g]hρσ−𝒮[g+h]

∂tΓk =
1
2

Tr { ∂tℛk

Γ(2)
k + ℛk }
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Quantum Gravity from FRG
• Einstein-Hilbert truncation 

• EH + 


• EH +  

• EH +  + 


• Full fourth order gravity on general background

R2

Cρσ
μνC

μν
αβCαβ

ρσ

R2 CρσμνCρσμν
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Large relevant (irrelevant) eigenvalues,  
3 (2) dimensional UV critical surface
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Quantum Gravity from FRG
• We can investigate whole functions of curvature invariants:


•  gravity


•  gravity


• Higher curvature invariants important to stabilise fixed point in  gravity


• 3 dimensional UV critical surface

f(R)

f(R, Ric2)

f(R)
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Which Operators?
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Asymptotic Safety with Riemann 
Tensors



A Family of Gravitational Actions
• Consider Gravitational action of the form 

                               

with 
                             


• We perform polynomial expansion up to order  in curvature 
 

          


• Always includes Einstein Hilbert, special cases are  and 


• Further special case: , i.e. 

Γk = ∫ ddx g [Fk(X) + RZk(X)]
X = aR2 + bRμνRμν + cRρσμνRρσμν

N − 1

Γk = ∫ ddx g [λ0 + λ1R + λ2X + λ3RX + λ4X2 + λ5RX2 + …]
f(R) f(R, RμνRμν)

{a, b, c} = {0,0,1} f(R, RρσμνRρσμν)
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Which Operators?
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1. Is there a Fixed Point(s)?

2. UV critical surface?



Fixed Point Search

• Find fixed points at high orders 
by searching close to fixed 
points of previous orders


• Bias: Most likely fixed points 
close to EH are found


• In addition to usual method 
add random values to fixed 
point couplings at different 
orders
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Fixed Point Search

• Result of fixed point scan in 
 gravity at 




• Discarding unstable 
candidates, three stable fixed 
points are found

f(R, Riem2)
N = 36
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Convergence of Eigenvalues
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<latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit>

tertiary
<latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit><latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit><latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit><latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit>

Riemann
<latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit>

secondary
<latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit>

tertiary
<latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit><latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit><latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit><latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit>

Riemann
<latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit>

secondary
<latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit>

tertiary
<latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit><latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit><latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit><latexit sha1_base64="QfbKCXWPa2KE4iFkhMYvdEUirMs=">AAACDHicbVC7SgNBFJ2NrxhfqyltBoNgFXZF0DJoYxnBPCBZwuzkbjJk9sHMXXFZ8gv+gq32dmLrP9j6JU6SLTTxwIXDOffF8RMpNDrOl1VaW9/Y3CpvV3Z29/YP7MOjto5TxaHFYxmrrs80SBFBCwVK6CYKWOhL6PiTm5nfeQClRRzdY5aAF7JRJALBGRppYFf7CI+Y9/2AIigUTGXTgV1z6s4cdJW4BamRAs2B/d0fxjwNIUIumdY910nQy5nZxyVMK/1UQ8L4hI2gZ2jEQtBePn9+Sk+NMqRBrExFSOfq74mchVpnoW86Q4ZjvezNxH89P1y6jMGVl4soSREivjgcpJJiTGfJ0KFQwFFmhjCuhPmd8jFTjJtgdMWE4i5HsEra53XXqbt3F7XGdRFPmRyTE3JGXHJJGuSWNEmLcJKRZ/JCXq0n6816tz4WrSWrmKmSP7A+fwARdJvg</latexit>

Riemann
<latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit>

✓1(N)
<latexit sha1_base64="iL9PTHN13OvCwpXgN5vkyHJ6sPA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG1dSwT6gCWEynbRDZ5Iwc1MooV/gL7jVvTtx61e49Uuctllo64ELh3Pu5VxOmAquwXG+rNLa+sbmVnm7srO7t39gHx61dZIpylo0EYnqhkQzwWPWAg6CdVPFiAwF64Sj25nfGTOleRI/wiRlviSDmEecEjBSYNteKHMPhgxI4Nbuz6eBXXXqzhx4lbgFqaICzcD+9voJzSSLgQqidc91UvBzooBTwaYVL9MsJXREBqxnaEwk034+/3yKz4zSx1GizMSA5+rvi5xIrScyNJuSwFAvezPxXy+US8kQXfs5j9MMWEwXwVEmMCR4Vgvuc8UoiIkhhCpufsd0SBShYMqrmFLc5QpWSfui7jp19+Gy2rgp6imjE3SKashFV6iB7lATtRBFY/SMXtCr9WS9We/Wx2K1ZBU3x+gPrM8fTo6ZtQ==</latexit><latexit sha1_base64="iL9PTHN13OvCwpXgN5vkyHJ6sPA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG1dSwT6gCWEynbRDZ5Iwc1MooV/gL7jVvTtx61e49Uuctllo64ELh3Pu5VxOmAquwXG+rNLa+sbmVnm7srO7t39gHx61dZIpylo0EYnqhkQzwWPWAg6CdVPFiAwF64Sj25nfGTOleRI/wiRlviSDmEecEjBSYNteKHMPhgxI4Nbuz6eBXXXqzhx4lbgFqaICzcD+9voJzSSLgQqidc91UvBzooBTwaYVL9MsJXREBqxnaEwk034+/3yKz4zSx1GizMSA5+rvi5xIrScyNJuSwFAvezPxXy+US8kQXfs5j9MMWEwXwVEmMCR4Vgvuc8UoiIkhhCpufsd0SBShYMqrmFLc5QpWSfui7jp19+Gy2rgp6imjE3SKashFV6iB7lATtRBFY/SMXtCr9WS9We/Wx2K1ZBU3x+gPrM8fTo6ZtQ==</latexit><latexit sha1_base64="iL9PTHN13OvCwpXgN5vkyHJ6sPA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG1dSwT6gCWEynbRDZ5Iwc1MooV/gL7jVvTtx61e49Uuctllo64ELh3Pu5VxOmAquwXG+rNLa+sbmVnm7srO7t39gHx61dZIpylo0EYnqhkQzwWPWAg6CdVPFiAwF64Sj25nfGTOleRI/wiRlviSDmEecEjBSYNteKHMPhgxI4Nbuz6eBXXXqzhx4lbgFqaICzcD+9voJzSSLgQqidc91UvBzooBTwaYVL9MsJXREBqxnaEwk034+/3yKz4zSx1GizMSA5+rvi5xIrScyNJuSwFAvezPxXy+US8kQXfs5j9MMWEwXwVEmMCR4Vgvuc8UoiIkhhCpufsd0SBShYMqrmFLc5QpWSfui7jp19+Gy2rgp6imjE3SKashFV6iB7lATtRBFY/SMXtCr9WS9We/Wx2K1ZBU3x+gPrM8fTo6ZtQ==</latexit><latexit sha1_base64="iL9PTHN13OvCwpXgN5vkyHJ6sPA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG1dSwT6gCWEynbRDZ5Iwc1MooV/gL7jVvTtx61e49Uuctllo64ELh3Pu5VxOmAquwXG+rNLa+sbmVnm7srO7t39gHx61dZIpylo0EYnqhkQzwWPWAg6CdVPFiAwF64Sj25nfGTOleRI/wiRlviSDmEecEjBSYNteKHMPhgxI4Nbuz6eBXXXqzhx4lbgFqaICzcD+9voJzSSLgQqidc91UvBzooBTwaYVL9MsJXREBqxnaEwk034+/3yKz4zSx1GizMSA5+rvi5xIrScyNJuSwFAvezPxXy+US8kQXfs5j9MMWEwXwVEmMCR4Vgvuc8UoiIkhhCpufsd0SBShYMqrmFLc5QpWSfui7jp19+Gy2rgp6imjE3SKashFV6iB7lATtRBFY/SMXtCr9WS9We/Wx2K1ZBU3x+gPrM8fTo6ZtQ==</latexit>

✓2(N)
<latexit sha1_base64="gh5WkVg4eDzviJdkkZ3vFpPsjQY=">AAACCXicbVDLSsNAFJ3UV62vqEs3wSLUTUmKoMuiG1dSwdZCE8JkOmmHzkzCzE2hhH6Bv+BW9+7ErV/h1i9x2mahrQcuHM65l3M5UcqZBtf9skpr6xubW+Xtys7u3v6BfXjU0UmmCG2ThCeqG2FNOZO0DQw47aaKYhFx+hiNbmb+45gqzRL5AJOUBgIPJIsZwWCk0Lb9SOQ+DCngsFG7O5+GdtWtu3M4q8QrSBUVaIX2t99PSCaoBMKx1j3PTSHIsQJGOJ1W/EzTFJMRHtCeoRILqoN8/vnUOTNK34kTZUaCM1d/X+RYaD0RkdkUGIZ62ZuJ/3qRWEqG+CrImUwzoJIsguOMO5A4s1qcPlOUAJ8Ygoli5neHDLHCBEx5FVOKt1zBKuk06p5b9+4vqs3rop4yOkGnqIY8dIma6Ba1UBsRNEbP6AW9Wk/Wm/VufSxWS1Zxc4z+wPr8AVAmmbY=</latexit><latexit sha1_base64="gh5WkVg4eDzviJdkkZ3vFpPsjQY=">AAACCXicbVDLSsNAFJ3UV62vqEs3wSLUTUmKoMuiG1dSwdZCE8JkOmmHzkzCzE2hhH6Bv+BW9+7ErV/h1i9x2mahrQcuHM65l3M5UcqZBtf9skpr6xubW+Xtys7u3v6BfXjU0UmmCG2ThCeqG2FNOZO0DQw47aaKYhFx+hiNbmb+45gqzRL5AJOUBgIPJIsZwWCk0Lb9SOQ+DCngsFG7O5+GdtWtu3M4q8QrSBUVaIX2t99PSCaoBMKx1j3PTSHIsQJGOJ1W/EzTFJMRHtCeoRILqoN8/vnUOTNK34kTZUaCM1d/X+RYaD0RkdkUGIZ62ZuJ/3qRWEqG+CrImUwzoJIsguOMO5A4s1qcPlOUAJ8Ygoli5neHDLHCBEx5FVOKt1zBKuk06p5b9+4vqs3rop4yOkGnqIY8dIma6Ba1UBsRNEbP6AW9Wk/Wm/VufSxWS1Zxc4z+wPr8AVAmmbY=</latexit><latexit sha1_base64="gh5WkVg4eDzviJdkkZ3vFpPsjQY=">AAACCXicbVDLSsNAFJ3UV62vqEs3wSLUTUmKoMuiG1dSwdZCE8JkOmmHzkzCzE2hhH6Bv+BW9+7ErV/h1i9x2mahrQcuHM65l3M5UcqZBtf9skpr6xubW+Xtys7u3v6BfXjU0UmmCG2ThCeqG2FNOZO0DQw47aaKYhFx+hiNbmb+45gqzRL5AJOUBgIPJIsZwWCk0Lb9SOQ+DCngsFG7O5+GdtWtu3M4q8QrSBUVaIX2t99PSCaoBMKx1j3PTSHIsQJGOJ1W/EzTFJMRHtCeoRILqoN8/vnUOTNK34kTZUaCM1d/X+RYaD0RkdkUGIZ62ZuJ/3qRWEqG+CrImUwzoJIsguOMO5A4s1qcPlOUAJ8Ygoli5neHDLHCBEx5FVOKt1zBKuk06p5b9+4vqs3rop4yOkGnqIY8dIma6Ba1UBsRNEbP6AW9Wk/Wm/VufSxWS1Zxc4z+wPr8AVAmmbY=</latexit><latexit sha1_base64="gh5WkVg4eDzviJdkkZ3vFpPsjQY=">AAACCXicbVDLSsNAFJ3UV62vqEs3wSLUTUmKoMuiG1dSwdZCE8JkOmmHzkzCzE2hhH6Bv+BW9+7ErV/h1i9x2mahrQcuHM65l3M5UcqZBtf9skpr6xubW+Xtys7u3v6BfXjU0UmmCG2ThCeqG2FNOZO0DQw47aaKYhFx+hiNbmb+45gqzRL5AJOUBgIPJIsZwWCk0Lb9SOQ+DCngsFG7O5+GdtWtu3M4q8QrSBUVaIX2t99PSCaoBMKx1j3PTSHIsQJGOJ1W/EzTFJMRHtCeoRILqoN8/vnUOTNK34kTZUaCM1d/X+RYaD0RkdkUGIZ62ZuJ/3qRWEqG+CrImUwzoJIsguOMO5A4s1qcPlOUAJ8Ygoli5neHDLHCBEx5FVOKt1zBKuk06p5b9+4vqs3rop4yOkGnqIY8dIma6Ba1UBsRNEbP6AW9Wk/Wm/VufSxWS1Zxc4z+wPr8AVAmmbY=</latexit>

✓3(N)
<latexit sha1_base64="eK28gWV1G9VGiGqvNJ2nvMvGAb8=">AAACCXicbVDLSsNAFJ34rPUVdekmWIS6KYkKuiy6cSUV7AOaECbTSTt0ZhJmbgol9Av8Bbe6dydu/Qq3fonTNgttPXDhcM69nMuJUs40uO6XtbK6tr6xWdoqb+/s7u3bB4ctnWSK0CZJeKI6EdaUM0mbwIDTTqooFhGn7Wh4O/XbI6o0S+QjjFMaCNyXLGYEg5FC2/YjkfswoIDDi+r92SS0K27NncFZJl5BKqhAI7S//V5CMkElEI617npuCkGOFTDC6aTsZ5qmmAxxn3YNlVhQHeSzzyfOqVF6TpwoMxKcmfr7IsdC67GIzKbAMNCL3lT814vEQjLE10HOZJoBlWQeHGfcgcSZ1uL0mKIE+NgQTBQzvztkgBUmYMorm1K8xQqWSeu85rk17+GyUr8p6imhY3SCqshDV6iO7lADNRFBI/SMXtCr9WS9We/Wx3x1xSpujtAfWJ8/Ub6Ztw==</latexit><latexit sha1_base64="eK28gWV1G9VGiGqvNJ2nvMvGAb8=">AAACCXicbVDLSsNAFJ34rPUVdekmWIS6KYkKuiy6cSUV7AOaECbTSTt0ZhJmbgol9Av8Bbe6dydu/Qq3fonTNgttPXDhcM69nMuJUs40uO6XtbK6tr6xWdoqb+/s7u3bB4ctnWSK0CZJeKI6EdaUM0mbwIDTTqooFhGn7Wh4O/XbI6o0S+QjjFMaCNyXLGYEg5FC2/YjkfswoIDDi+r92SS0K27NncFZJl5BKqhAI7S//V5CMkElEI617npuCkGOFTDC6aTsZ5qmmAxxn3YNlVhQHeSzzyfOqVF6TpwoMxKcmfr7IsdC67GIzKbAMNCL3lT814vEQjLE10HOZJoBlWQeHGfcgcSZ1uL0mKIE+NgQTBQzvztkgBUmYMorm1K8xQqWSeu85rk17+GyUr8p6imhY3SCqshDV6iO7lADNRFBI/SMXtCr9WS9We/Wx3x1xSpujtAfWJ8/Ub6Ztw==</latexit><latexit sha1_base64="eK28gWV1G9VGiGqvNJ2nvMvGAb8=">AAACCXicbVDLSsNAFJ34rPUVdekmWIS6KYkKuiy6cSUV7AOaECbTSTt0ZhJmbgol9Av8Bbe6dydu/Qq3fonTNgttPXDhcM69nMuJUs40uO6XtbK6tr6xWdoqb+/s7u3bB4ctnWSK0CZJeKI6EdaUM0mbwIDTTqooFhGn7Wh4O/XbI6o0S+QjjFMaCNyXLGYEg5FC2/YjkfswoIDDi+r92SS0K27NncFZJl5BKqhAI7S//V5CMkElEI617npuCkGOFTDC6aTsZ5qmmAxxn3YNlVhQHeSzzyfOqVF6TpwoMxKcmfr7IsdC67GIzKbAMNCL3lT814vEQjLE10HOZJoBlWQeHGfcgcSZ1uL0mKIE+NgQTBQzvztkgBUmYMorm1K8xQqWSeu85rk17+GyUr8p6imhY3SCqshDV6iO7lADNRFBI/SMXtCr9WS9We/Wx3x1xSpujtAfWJ8/Ub6Ztw==</latexit><latexit sha1_base64="eK28gWV1G9VGiGqvNJ2nvMvGAb8=">AAACCXicbVDLSsNAFJ34rPUVdekmWIS6KYkKuiy6cSUV7AOaECbTSTt0ZhJmbgol9Av8Bbe6dydu/Qq3fonTNgttPXDhcM69nMuJUs40uO6XtbK6tr6xWdoqb+/s7u3bB4ctnWSK0CZJeKI6EdaUM0mbwIDTTqooFhGn7Wh4O/XbI6o0S+QjjFMaCNyXLGYEg5FC2/YjkfswoIDDi+r92SS0K27NncFZJl5BKqhAI7S//V5CMkElEI617npuCkGOFTDC6aTsZ5qmmAxxn3YNlVhQHeSzzyfOqVF6TpwoMxKcmfr7IsdC67GIzKbAMNCL3lT814vEQjLE10HOZJoBlWQeHGfcgcSZ1uL0mKIE+NgQTBQzvztkgBUmYMorm1K8xQqWSeu85rk17+GyUr8p6imhY3SCqshDV6iO7lADNRFBI/SMXtCr9WS9We/Wx3x1xSpujtAfWJ8/Ub6Ztw==</latexit>

N
<latexit sha1_base64="UISN/154bIrKLBuanAG6bQW2YuQ=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjSupYB/QDiWTZtrYJDMkGaEMxV9wq3t34tZvceuXmLaz0NYDFw7n3Mu5nDAR3FjP+0KFldW19Y3iZmlre2d3r7x/0DRxqilr0FjEuh0SwwRXrGG5FaydaEZkKFgrHF1P/dYj04bH6t6OExZIMlA84pRYJzW7ocxuJ71yxat6M+Bl4uekAjnqvfJ3tx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNvp3gE6f0cRRrN8rimfr7IiPSmLEM3aYkdmgWvan4rxfKhWQbXQYZV0lqmaLz4CgV2MZ4WgXuc82oFWNHCNXc/Y7pkGhCrSus5ErxFytYJs2zqu9V/bvzSu0qr6cIR3AMp+DDBdTgBurQAAoP8Awv8Iqe0Bt6Rx/z1QLKbw7hD9DnD/pIlc0=</latexit><latexit sha1_base64="UISN/154bIrKLBuanAG6bQW2YuQ=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjSupYB/QDiWTZtrYJDMkGaEMxV9wq3t34tZvceuXmLaz0NYDFw7n3Mu5nDAR3FjP+0KFldW19Y3iZmlre2d3r7x/0DRxqilr0FjEuh0SwwRXrGG5FaydaEZkKFgrHF1P/dYj04bH6t6OExZIMlA84pRYJzW7ocxuJ71yxat6M+Bl4uekAjnqvfJ3tx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNvp3gE6f0cRRrN8rimfr7IiPSmLEM3aYkdmgWvan4rxfKhWQbXQYZV0lqmaLz4CgV2MZ4WgXuc82oFWNHCNXc/Y7pkGhCrSus5ErxFytYJs2zqu9V/bvzSu0qr6cIR3AMp+DDBdTgBurQAAoP8Awv8Iqe0Bt6Rx/z1QLKbw7hD9DnD/pIlc0=</latexit><latexit sha1_base64="UISN/154bIrKLBuanAG6bQW2YuQ=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjSupYB/QDiWTZtrYJDMkGaEMxV9wq3t34tZvceuXmLaz0NYDFw7n3Mu5nDAR3FjP+0KFldW19Y3iZmlre2d3r7x/0DRxqilr0FjEuh0SwwRXrGG5FaydaEZkKFgrHF1P/dYj04bH6t6OExZIMlA84pRYJzW7ocxuJ71yxat6M+Bl4uekAjnqvfJ3tx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNvp3gE6f0cRRrN8rimfr7IiPSmLEM3aYkdmgWvan4rxfKhWQbXQYZV0lqmaLz4CgV2MZ4WgXuc82oFWNHCNXc/Y7pkGhCrSus5ErxFytYJs2zqu9V/bvzSu0qr6cIR3AMp+DDBdTgBurQAAoP8Awv8Iqe0Bt6Rx/z1QLKbw7hD9DnD/pIlc0=</latexit><latexit sha1_base64="UISN/154bIrKLBuanAG6bQW2YuQ=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjSupYB/QDiWTZtrYJDMkGaEMxV9wq3t34tZvceuXmLaz0NYDFw7n3Mu5nDAR3FjP+0KFldW19Y3iZmlre2d3r7x/0DRxqilr0FjEuh0SwwRXrGG5FaydaEZkKFgrHF1P/dYj04bH6t6OExZIMlA84pRYJzW7ocxuJ71yxat6M+Bl4uekAjnqvfJ3tx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNvp3gE6f0cRRrN8rimfr7IiPSmLEM3aYkdmgWvan4rxfKhWQbXQYZV0lqmaLz4CgV2MZ4WgXuc82oFWNHCNXc/Y7pkGhCrSus5ErxFytYJs2zqu9V/bvzSu0qr6cIR3AMp+DDBdTgBurQAAoP8Awv8Iqe0Bt6Rx/z1QLKbw7hD9DnD/pIlc0=</latexit>

N
<latexit sha1_base64="UISN/154bIrKLBuanAG6bQW2YuQ=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjSupYB/QDiWTZtrYJDMkGaEMxV9wq3t34tZvceuXmLaz0NYDFw7n3Mu5nDAR3FjP+0KFldW19Y3iZmlre2d3r7x/0DRxqilr0FjEuh0SwwRXrGG5FaydaEZkKFgrHF1P/dYj04bH6t6OExZIMlA84pRYJzW7ocxuJ71yxat6M+Bl4uekAjnqvfJ3tx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNvp3gE6f0cRRrN8rimfr7IiPSmLEM3aYkdmgWvan4rxfKhWQbXQYZV0lqmaLz4CgV2MZ4WgXuc82oFWNHCNXc/Y7pkGhCrSus5ErxFytYJs2zqu9V/bvzSu0qr6cIR3AMp+DDBdTgBurQAAoP8Awv8Iqe0Bt6Rx/z1QLKbw7hD9DnD/pIlc0=</latexit><latexit sha1_base64="UISN/154bIrKLBuanAG6bQW2YuQ=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjSupYB/QDiWTZtrYJDMkGaEMxV9wq3t34tZvceuXmLaz0NYDFw7n3Mu5nDAR3FjP+0KFldW19Y3iZmlre2d3r7x/0DRxqilr0FjEuh0SwwRXrGG5FaydaEZkKFgrHF1P/dYj04bH6t6OExZIMlA84pRYJzW7ocxuJ71yxat6M+Bl4uekAjnqvfJ3tx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNvp3gE6f0cRRrN8rimfr7IiPSmLEM3aYkdmgWvan4rxfKhWQbXQYZV0lqmaLz4CgV2MZ4WgXuc82oFWNHCNXc/Y7pkGhCrSus5ErxFytYJs2zqu9V/bvzSu0qr6cIR3AMp+DDBdTgBurQAAoP8Awv8Iqe0Bt6Rx/z1QLKbw7hD9DnD/pIlc0=</latexit><latexit sha1_base64="UISN/154bIrKLBuanAG6bQW2YuQ=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjSupYB/QDiWTZtrYJDMkGaEMxV9wq3t34tZvceuXmLaz0NYDFw7n3Mu5nDAR3FjP+0KFldW19Y3iZmlre2d3r7x/0DRxqilr0FjEuh0SwwRXrGG5FaydaEZkKFgrHF1P/dYj04bH6t6OExZIMlA84pRYJzW7ocxuJ71yxat6M+Bl4uekAjnqvfJ3tx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNvp3gE6f0cRRrN8rimfr7IiPSmLEM3aYkdmgWvan4rxfKhWQbXQYZV0lqmaLz4CgV2MZ4WgXuc82oFWNHCNXc/Y7pkGhCrSus5ErxFytYJs2zqu9V/bvzSu0qr6cIR3AMp+DDBdTgBurQAAoP8Awv8Iqe0Bt6Rx/z1QLKbw7hD9DnD/pIlc0=</latexit><latexit sha1_base64="UISN/154bIrKLBuanAG6bQW2YuQ=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjSupYB/QDiWTZtrYJDMkGaEMxV9wq3t34tZvceuXmLaz0NYDFw7n3Mu5nDAR3FjP+0KFldW19Y3iZmlre2d3r7x/0DRxqilr0FjEuh0SwwRXrGG5FaydaEZkKFgrHF1P/dYj04bH6t6OExZIMlA84pRYJzW7ocxuJ71yxat6M+Bl4uekAjnqvfJ3tx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNvp3gE6f0cRRrN8rimfr7IiPSmLEM3aYkdmgWvan4rxfKhWQbXQYZV0lqmaLz4CgV2MZ4WgXuc82oFWNHCNXc/Y7pkGhCrSus5ErxFytYJs2zqu9V/bvzSu0qr6cIR3AMp+DDBdTgBurQAAoP8Awv8Iqe0Bt6Rx/z1QLKbw7hD9DnD/pIlc0=</latexit>

✓0(N)
<latexit sha1_base64="EfJPijVvTHRN7kif7XhIOYnD/G4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG1dSwT6gCWEynbRDZ5Iwc1MooV/gL7jVvTtx61e49Uuctllo64ELh3Pu5VxOmAquwXG+rNLa+sbmVnm7srO7t39gHx61dZIpylo0EYnqhkQzwWPWAg6CdVPFiAwF64Sj25nfGTOleRI/wiRlviSDmEecEjBSYNteKHMPhgxI4NTuz6eBXXXqzhx4lbgFqaICzcD+9voJzSSLgQqidc91UvBzooBTwaYVL9MsJXREBqxnaEwk034+/3yKz4zSx1GizMSA5+rvi5xIrScyNJuSwFAvezPxXy+US8kQXfs5j9MMWEwXwVEmMCR4Vgvuc8UoiIkhhCpufsd0SBShYMqrmFLc5QpWSfui7jp19+Gy2rgp6imjE3SKashFV6iB7lATtRBFY/SMXtCr9WS9We/Wx2K1ZBU3x+gPrM8fTPaZtA==</latexit><latexit sha1_base64="EfJPijVvTHRN7kif7XhIOYnD/G4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG1dSwT6gCWEynbRDZ5Iwc1MooV/gL7jVvTtx61e49Uuctllo64ELh3Pu5VxOmAquwXG+rNLa+sbmVnm7srO7t39gHx61dZIpylo0EYnqhkQzwWPWAg6CdVPFiAwF64Sj25nfGTOleRI/wiRlviSDmEecEjBSYNteKHMPhgxI4NTuz6eBXXXqzhx4lbgFqaICzcD+9voJzSSLgQqidc91UvBzooBTwaYVL9MsJXREBqxnaEwk034+/3yKz4zSx1GizMSA5+rvi5xIrScyNJuSwFAvezPxXy+US8kQXfs5j9MMWEwXwVEmMCR4Vgvuc8UoiIkhhCpufsd0SBShYMqrmFLc5QpWSfui7jp19+Gy2rgp6imjE3SKashFV6iB7lATtRBFY/SMXtCr9WS9We/Wx2K1ZBU3x+gPrM8fTPaZtA==</latexit><latexit sha1_base64="EfJPijVvTHRN7kif7XhIOYnD/G4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG1dSwT6gCWEynbRDZ5Iwc1MooV/gL7jVvTtx61e49Uuctllo64ELh3Pu5VxOmAquwXG+rNLa+sbmVnm7srO7t39gHx61dZIpylo0EYnqhkQzwWPWAg6CdVPFiAwF64Sj25nfGTOleRI/wiRlviSDmEecEjBSYNteKHMPhgxI4NTuz6eBXXXqzhx4lbgFqaICzcD+9voJzSSLgQqidc91UvBzooBTwaYVL9MsJXREBqxnaEwk034+/3yKz4zSx1GizMSA5+rvi5xIrScyNJuSwFAvezPxXy+US8kQXfs5j9MMWEwXwVEmMCR4Vgvuc8UoiIkhhCpufsd0SBShYMqrmFLc5QpWSfui7jp19+Gy2rgp6imjE3SKashFV6iB7lATtRBFY/SMXtCr9WS9We/Wx2K1ZBU3x+gPrM8fTPaZtA==</latexit><latexit sha1_base64="EfJPijVvTHRN7kif7XhIOYnD/G4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG1dSwT6gCWEynbRDZ5Iwc1MooV/gL7jVvTtx61e49Uuctllo64ELh3Pu5VxOmAquwXG+rNLa+sbmVnm7srO7t39gHx61dZIpylo0EYnqhkQzwWPWAg6CdVPFiAwF64Sj25nfGTOleRI/wiRlviSDmEecEjBSYNteKHMPhgxI4NTuz6eBXXXqzhx4lbgFqaICzcD+9voJzSSLgQqidc91UvBzooBTwaYVL9MsJXREBqxnaEwk034+/3yKz4zSx1GizMSA5+rvi5xIrScyNJuSwFAvezPxXy+US8kQXfs5j9MMWEwXwVEmMCR4Vgvuc8UoiIkhhCpufsd0SBShYMqrmFLc5QpWSfui7jp19+Gy2rgp6imjE3SKashFV6iB7lATtRBFY/SMXtCr9WS9We/Wx2K1ZBU3x+gPrM8fTPaZtA==</latexit>



UV Critical Surface in  Gravityf(R)

[2018, Falls and Litim and Schröder]

• Relevant Operators: 
 
          Λ, R, R2
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UV Critical Surface in  Gravityf(R, Riem2)

New!

• Relevant Operators: 
 

 
     
Λ, R, RρσμνRρσμν,

RRρσμνRρσμν
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Dimensionality of the UV critical surface
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<̀latexit sha1_base64="KSoslMGEQvHsYGiM/Y4qCMHSpT4=">AAAB+3icbVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxjKCiYHkCHubd8mS3b1jd08IIX/BVns7sfXH2PpL3Euu0MSBB8PMe8xjolRwY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkyzbDFEpHoTkQNCq6wZbkV2Ek1UhkJfIzGt7n/+ITa8EQ92EmKoaRDxWPOqM2lHgrRr9b8uj8HWSVBQWpQoNmvfvcGCcskKssENaYb+KkNp1RbzgTOKr3MYErZmA6x66iiEk04nf86I2dOGZA40W6UJXP198WUSmMmMnKbktqRWfZy8V8vkkvJNr4Op1ylmUXFFsFxJohNSF4EGXCNzIqJI5Rp7n4nbEQ1ZdbVVXGlBMsVrJL2RT3w68H9Za1xU9RThhM4hXMI4AoacAdNaAGDETzDC7x6M+/Ne/c+Fqslr7g5hj/wPn8AV86U4Q==</latexit><latexit sha1_base64="KSoslMGEQvHsYGiM/Y4qCMHSpT4=">AAAB+3icbVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxjKCiYHkCHubd8mS3b1jd08IIX/BVns7sfXH2PpL3Euu0MSBB8PMe8xjolRwY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkyzbDFEpHoTkQNCq6wZbkV2Ek1UhkJfIzGt7n/+ITa8EQ92EmKoaRDxWPOqM2lHgrRr9b8uj8HWSVBQWpQoNmvfvcGCcskKssENaYb+KkNp1RbzgTOKr3MYErZmA6x66iiEk04nf86I2dOGZA40W6UJXP198WUSmMmMnKbktqRWfZy8V8vkkvJNr4Op1ylmUXFFsFxJohNSF4EGXCNzIqJI5Rp7n4nbEQ1ZdbVVXGlBMsVrJL2RT3w68H9Za1xU9RThhM4hXMI4AoacAdNaAGDETzDC7x6M+/Ne/c+Fqslr7g5hj/wPn8AV86U4Q==</latexit><latexit sha1_base64="KSoslMGEQvHsYGiM/Y4qCMHSpT4=">AAAB+3icbVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxjKCiYHkCHubd8mS3b1jd08IIX/BVns7sfXH2PpL3Euu0MSBB8PMe8xjolRwY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkyzbDFEpHoTkQNCq6wZbkV2Ek1UhkJfIzGt7n/+ITa8EQ92EmKoaRDxWPOqM2lHgrRr9b8uj8HWSVBQWpQoNmvfvcGCcskKssENaYb+KkNp1RbzgTOKr3MYErZmA6x66iiEk04nf86I2dOGZA40W6UJXP198WUSmMmMnKbktqRWfZy8V8vkkvJNr4Op1ylmUXFFsFxJohNSF4EGXCNzIqJI5Rp7n4nbEQ1ZdbVVXGlBMsVrJL2RT3w68H9Za1xU9RThhM4hXMI4AoacAdNaAGDETzDC7x6M+/Ne/c+Fqslr7g5hj/wPn8AV86U4Q==</latexit><latexit sha1_base64="KSoslMGEQvHsYGiM/Y4qCMHSpT4=">AAAB+3icbVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxjKCiYHkCHubd8mS3b1jd08IIX/BVns7sfXH2PpL3Euu0MSBB8PMe8xjolRwY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkyzbDFEpHoTkQNCq6wZbkV2Ek1UhkJfIzGt7n/+ITa8EQ92EmKoaRDxWPOqM2lHgrRr9b8uj8HWSVBQWpQoNmvfvcGCcskKssENaYb+KkNp1RbzgTOKr3MYErZmA6x66iiEk04nf86I2dOGZA40W6UJXP198WUSmMmMnKbktqRWfZy8V8vkkvJNr4Op1ylmUXFFsFxJohNSF4EGXCNzIqJI5Rp7n4nbEQ1ZdbVVXGlBMsVrJL2RT3w68H9Za1xU9RThhM4hXMI4AoacAdNaAGDETzDC7x6M+/Ne/c+Fqslr7g5hj/wPn8AV86U4Q==</latexit>

✓0
<latexit sha1_base64="h6kI3JS9hj16HdAl+OS13ZC+a5I=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKzn98oVv+rPQVdJkJMKyVHvlb+7/YRnCjRyyaztBH6K4YQZFFzCtNTNLKSMj9gAOo5qpsCGk/m/U3rmlD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7lSguUKVknzohr41eD+slK7yespkhNySs5JQK5IjdyROmkQTiR5Ji/k1Xvy3rx372OxWvDym2PyB97nDy0alnE=</latexit><latexit sha1_base64="h6kI3JS9hj16HdAl+OS13ZC+a5I=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKzn98oVv+rPQVdJkJMKyVHvlb+7/YRnCjRyyaztBH6K4YQZFFzCtNTNLKSMj9gAOo5qpsCGk/m/U3rmlD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7lSguUKVknzohr41eD+slK7yespkhNySs5JQK5IjdyROmkQTiR5Ji/k1Xvy3rx372OxWvDym2PyB97nDy0alnE=</latexit><latexit sha1_base64="h6kI3JS9hj16HdAl+OS13ZC+a5I=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKzn98oVv+rPQVdJkJMKyVHvlb+7/YRnCjRyyaztBH6K4YQZFFzCtNTNLKSMj9gAOo5qpsCGk/m/U3rmlD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7lSguUKVknzohr41eD+slK7yespkhNySs5JQK5IjdyROmkQTiR5Ji/k1Xvy3rx372OxWvDym2PyB97nDy0alnE=</latexit><latexit sha1_base64="h6kI3JS9hj16HdAl+OS13ZC+a5I=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKzn98oVv+rPQVdJkJMKyVHvlb+7/YRnCjRyyaztBH6K4YQZFFzCtNTNLKSMj9gAOo5qpsCGk/m/U3rmlD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7lSguUKVknzohr41eD+slK7yespkhNySs5JQK5IjdyROmkQTiR5Ji/k1Xvy3rx372OxWvDym2PyB97nDy0alnE=</latexit>

✓1
<latexit sha1_base64="/dEXgeYswzsj9nMT0EScZa5AZqY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKwX9MoVv+rPQVdJkJMKyVHvlb+7/YRnCjRyyaztBH6K4YQZFFzCtNTNLKSMj9gAOo5qpsCGk/m/U3rmlD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7lSguUKVknzohr41eD+slK7yespkhNySs5JQK5IjdyROmkQTiR5Ji/k1Xvy3rx372OxWvDym2PyB97nDy6ulnI=</latexit><latexit sha1_base64="/dEXgeYswzsj9nMT0EScZa5AZqY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKwX9MoVv+rPQVdJkJMKyVHvlb+7/YRnCjRyyaztBH6K4YQZFFzCtNTNLKSMj9gAOo5qpsCGk/m/U3rmlD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7lSguUKVknzohr41eD+slK7yespkhNySs5JQK5IjdyROmkQTiR5Ji/k1Xvy3rx372OxWvDym2PyB97nDy6ulnI=</latexit><latexit sha1_base64="/dEXgeYswzsj9nMT0EScZa5AZqY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKwX9MoVv+rPQVdJkJMKyVHvlb+7/YRnCjRyyaztBH6K4YQZFFzCtNTNLKSMj9gAOo5qpsCGk/m/U3rmlD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7lSguUKVknzohr41eD+slK7yespkhNySs5JQK5IjdyROmkQTiR5Ji/k1Xvy3rx372OxWvDym2PyB97nDy6ulnI=</latexit><latexit sha1_base64="/dEXgeYswzsj9nMT0EScZa5AZqY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKwX9MoVv+rPQVdJkJMKyVHvlb+7/YRnCjRyyaztBH6K4YQZFFzCtNTNLKSMj9gAOo5qpsCGk/m/U3rmlD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7lSguUKVknzohr41eD+slK7yespkhNySs5JQK5IjdyROmkQTiR5Ji/k1Xvy3rx372OxWvDym2PyB97nDy6ulnI=</latexit>

✓2
<latexit sha1_base64="K4Zr4RrsOQenadDrR4uwZFCqwvs=">AAAB/3icbVC7SgNBFJ31GeMramkzGASrsBsELYM2lhHMA5IlzE7uJkNmZpeZu0IIKfwFW+3txNZPsfVLnCRbaOKBC4dz7uVcTpRKYdH3v7y19Y3Nre3CTnF3b//gsHR03LRJZjg0eCIT046YBSk0NFCghHZqgKlIQisa3c781iMYKxL9gOMUQsUGWsSCM3RSu4tDQNar9kplv+LPQVdJkJMyyVHvlb67/YRnCjRyyaztBH6K4YQZFFzCtNjNLKSMj9gAOo5qpsCGk/m/U3rulD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7pSguUKVkmzWgn8SnB/Wa7d5PUUyCk5IxckIFekRu5InTQIJ5I8kxfy6j15b96797FYXfPymxPyB97nDzBClnM=</latexit><latexit sha1_base64="K4Zr4RrsOQenadDrR4uwZFCqwvs=">AAAB/3icbVC7SgNBFJ31GeMramkzGASrsBsELYM2lhHMA5IlzE7uJkNmZpeZu0IIKfwFW+3txNZPsfVLnCRbaOKBC4dz7uVcTpRKYdH3v7y19Y3Nre3CTnF3b//gsHR03LRJZjg0eCIT046YBSk0NFCghHZqgKlIQisa3c781iMYKxL9gOMUQsUGWsSCM3RSu4tDQNar9kplv+LPQVdJkJMyyVHvlb67/YRnCjRyyaztBH6K4YQZFFzCtNjNLKSMj9gAOo5qpsCGk/m/U3rulD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7pSguUKVkmzWgn8SnB/Wa7d5PUUyCk5IxckIFekRu5InTQIJ5I8kxfy6j15b96797FYXfPymxPyB97nDzBClnM=</latexit><latexit sha1_base64="K4Zr4RrsOQenadDrR4uwZFCqwvs=">AAAB/3icbVC7SgNBFJ31GeMramkzGASrsBsELYM2lhHMA5IlzE7uJkNmZpeZu0IIKfwFW+3txNZPsfVLnCRbaOKBC4dz7uVcTpRKYdH3v7y19Y3Nre3CTnF3b//gsHR03LRJZjg0eCIT046YBSk0NFCghHZqgKlIQisa3c781iMYKxL9gOMUQsUGWsSCM3RSu4tDQNar9kplv+LPQVdJkJMyyVHvlb67/YRnCjRyyaztBH6K4YQZFFzCtNjNLKSMj9gAOo5qpsCGk/m/U3rulD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7pSguUKVkmzWgn8SnB/Wa7d5PUUyCk5IxckIFekRu5InTQIJ5I8kxfy6j15b96797FYXfPymxPyB97nDzBClnM=</latexit><latexit sha1_base64="K4Zr4RrsOQenadDrR4uwZFCqwvs=">AAAB/3icbVC7SgNBFJ31GeMramkzGASrsBsELYM2lhHMA5IlzE7uJkNmZpeZu0IIKfwFW+3txNZPsfVLnCRbaOKBC4dz7uVcTpRKYdH3v7y19Y3Nre3CTnF3b//gsHR03LRJZjg0eCIT046YBSk0NFCghHZqgKlIQisa3c781iMYKxL9gOMUQsUGWsSCM3RSu4tDQNar9kplv+LPQVdJkJMyyVHvlb67/YRnCjRyyaztBH6K4YQZFFzCtNjNLKSMj9gAOo5qpsCGk/m/U3rulD6NE+NGI52rvy8mTFk7VpHbVAyHdtmbif96kVpKxvg6nAidZgiaL4LjTFJM6KwM2hcGOMqxI4wb4X6nfMgM4+gqK7pSguUKVkmzWgn8SnB/Wa7d5PUUyCk5IxckIFekRu5InTQIJ5I8kxfy6j15b96797FYXfPymxPyB97nDzBClnM=</latexit>

✓3
<latexit sha1_base64="OGBtV/z+V5AY3+FAcuSc/5pw5ZY=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtypoGXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3fNuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBncXldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gAx1pZ0</latexit><latexit sha1_base64="OGBtV/z+V5AY3+FAcuSc/5pw5ZY=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtypoGXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3fNuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBncXldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gAx1pZ0</latexit><latexit sha1_base64="OGBtV/z+V5AY3+FAcuSc/5pw5ZY=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtypoGXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3fNuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBncXldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gAx1pZ0</latexit><latexit sha1_base64="OGBtV/z+V5AY3+FAcuSc/5pw5ZY=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtypoGXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3fNuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBncXldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gAx1pZ0</latexit>

✓4
<latexit sha1_base64="ig1k4ledzCMWuR0Gt9/tDNiOgCA=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKx32StX/Ko/B10lQU4qJEe9V/7u9hOeKdDIJbO2E/gphhNmUHAJ01I3s5AyPmID6DiqmQIbTub/TumZU/o0TowbjXSu/r6YMGXtWEVuUzEc2mVvJv7rRWopGePrcCJ0miFovgiOM0kxobMyaF8Y4CjHjjBuhPud8iEzjKOrrORKCZYrWCXNi2rgV4P7y0rtJq+nSE7IKTknAbkiNXJH6qRBOJHkmbyQV+/Je/PevY/FasHLb47JH3ifPzNqlnU=</latexit><latexit sha1_base64="ig1k4ledzCMWuR0Gt9/tDNiOgCA=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKx32StX/Ko/B10lQU4qJEe9V/7u9hOeKdDIJbO2E/gphhNmUHAJ01I3s5AyPmID6DiqmQIbTub/TumZU/o0TowbjXSu/r6YMGXtWEVuUzEc2mVvJv7rRWopGePrcCJ0miFovgiOM0kxobMyaF8Y4CjHjjBuhPud8iEzjKOrrORKCZYrWCXNi2rgV4P7y0rtJq+nSE7IKTknAbkiNXJH6qRBOJHkmbyQV+/Je/PevY/FasHLb47JH3ifPzNqlnU=</latexit><latexit sha1_base64="ig1k4ledzCMWuR0Gt9/tDNiOgCA=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKx32StX/Ko/B10lQU4qJEe9V/7u9hOeKdDIJbO2E/gphhNmUHAJ01I3s5AyPmID6DiqmQIbTub/TumZU/o0TowbjXSu/r6YMGXtWEVuUzEc2mVvJv7rRWopGePrcCJ0miFovgiOM0kxobMyaF8Y4CjHjjBuhPud8iEzjKOrrORKCZYrWCXNi2rgV4P7y0rtJq+nSE7IKTknAbkiNXJH6qRBOJHkmbyQV+/Je/PevY/FasHLb47JH3ifPzNqlnU=</latexit><latexit sha1_base64="ig1k4ledzCMWuR0Gt9/tDNiOgCA=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD0iWMDu5mwyZmV1m7gohpPAXbLW3E1s/xdYvcZJsoYkHLhzOuZdzOVEqhUXf//IKa+sbm1vF7dLO7t7+QfnwqGmTzHBo8EQmph0xC1JoaKBACe3UAFORhFY0up35rUcwViT6AccphIoNtIgFZ+ikdheHgKx32StX/Ko/B10lQU4qJEe9V/7u9hOeKdDIJbO2E/gphhNmUHAJ01I3s5AyPmID6DiqmQIbTub/TumZU/o0TowbjXSu/r6YMGXtWEVuUzEc2mVvJv7rRWopGePrcCJ0miFovgiOM0kxobMyaF8Y4CjHjjBuhPud8iEzjKOrrORKCZYrWCXNi2rgV4P7y0rtJq+nSE7IKTknAbkiNXJH6qRBOJHkmbyQV+/Je/PevY/FasHLb47JH3ifPzNqlnU=</latexit>

✓5
<latexit sha1_base64="tg0iG2XorD1rQhx9pjlD0CI6QKQ=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtyJomXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3YtuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBnfnldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gA0/pZ2</latexit><latexit sha1_base64="tg0iG2XorD1rQhx9pjlD0CI6QKQ=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtyJomXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3YtuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBnfnldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gA0/pZ2</latexit><latexit sha1_base64="tg0iG2XorD1rQhx9pjlD0CI6QKQ=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtyJomXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3YtuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBnfnldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gA0/pZ2</latexit><latexit sha1_base64="tg0iG2XorD1rQhx9pjlD0CI6QKQ=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtyJomXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3YtuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBnfnldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gA0/pZ2</latexit>

✓6
<latexit sha1_base64="VcXu3dSsDyTHdVa2hQWQC107Nrs=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtyJqGXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3YtuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBnfnldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gA2kpZ3</latexit><latexit sha1_base64="VcXu3dSsDyTHdVa2hQWQC107Nrs=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtyJqGXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3YtuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBnfnldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gA2kpZ3</latexit><latexit sha1_base64="VcXu3dSsDyTHdVa2hQWQC107Nrs=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtyJqGXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3YtuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBnfnldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gA2kpZ3</latexit><latexit sha1_base64="VcXu3dSsDyTHdVa2hQWQC107Nrs=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAbBKtyJqGXQxjKCiYHkCHubvWTJ7t6x+04IIYV/wVZ7O7H1p9j6S9wkV2jiwINh5j3mMVEqhUXf//IKK6tr6xvFzdLW9s7uXnn/oGmTzDDeYIlMTCuilkuheQMFSt5KDacqkvwhGt5M/YdHbqxI9D2OUh4q2tciFoyik1odHHCk3YtuueJX/RnIMglyUoEc9W75u9NLWKa4Riapte3ATzEcU4OCST4pdTLLU8qGtM/bjmqquA3Hs38n5MQpPRInxo1GMlN/X4ypsnakIrepKA7sojcV//UitZCM8VU4FjrNkGs2D44zSTAh0zJITxjOUI4cocwI9zthA2ooQ1dZyZUSLFawTJpn1cCvBnfnldp1Xk8RjuAYTiGAS6jBLdShAQwkPMMLvHpP3pv37n3MVwtefnMIf+B9/gA2kpZ3</latexit>

fp3

• Quantum shifts can render canonically 
irrelevant eigenvalues relevant


• New open parameter of AS Quantum 
Gravity?

25



Near-Gaussian Scaling in  Gravityf(R)

• Eigenvalues of  gravity 
follow near Gaussian 
scaling with small quantum 
induced shifts

f(R)

26

[2018, Falls and Litim and Schröder]



Near-Gaussian Scaling of  Gravityf(R, Riem2)

• Compared to  
eigenvalues are shifted 
towards relevant directions


• Near Gaussian scaling 
seems to be a universal 
property for different fixed 
points

f(R)

27
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Comparison

• Shown are all higher order extensions 
which have been analysed in QG


• Inclusion of different higher curvature 
invariants shift fixed points away from 
Einstein Hilbert results


• Riemann fixed points only fixed points 
admitting a fourth relevant direction

28

�⇤<latexit sha1_base64="ypRUlaW9YOOfzPsRqDzO++93a5c=">AAACBXicbVC7SgNBFL0bXzG+opY2g0EQi7ArgpZBG8sI5gHZNczOziZDZmaXmVkhLKn9BVvt7cTW77D1S5wkW2jigQuHc87lXk6YcqaN6345pZXVtfWN8mZla3tnd6+6f9DWSaYIbZGEJ6obYk05k7RlmOG0myqKRchpJxzdTP3OI1WaJfLejFMaCDyQLGYEGys9+KHIfW7jEe6fTfrVmlt3Z0DLxCtIDQo0+9VvP0pIJqg0hGOte56bmiDHyjDC6aTiZ5qmmIzwgPYslVhQHeSzryfoxCoRihNlRxo0U39v5FhoPRahTQpshnrRm4r/eqFYuGziqyBnMs0MlWR+OM44MgmaVoIipigxfGwJJorZ3xEZYoWJscVVbCneYgXLpH1e99y6d3dRa1wX9ZThCI7hFDy4hAbcQhNaQEDBM7zAq/PkvDnvzsc8WnKKnUP4A+fzB/BimRU=</latexit><latexit sha1_base64="ypRUlaW9YOOfzPsRqDzO++93a5c=">AAACBXicbVC7SgNBFL0bXzG+opY2g0EQi7ArgpZBG8sI5gHZNczOziZDZmaXmVkhLKn9BVvt7cTW77D1S5wkW2jigQuHc87lXk6YcqaN6345pZXVtfWN8mZla3tnd6+6f9DWSaYIbZGEJ6obYk05k7RlmOG0myqKRchpJxzdTP3OI1WaJfLejFMaCDyQLGYEGys9+KHIfW7jEe6fTfrVmlt3Z0DLxCtIDQo0+9VvP0pIJqg0hGOte56bmiDHyjDC6aTiZ5qmmIzwgPYslVhQHeSzryfoxCoRihNlRxo0U39v5FhoPRahTQpshnrRm4r/eqFYuGziqyBnMs0MlWR+OM44MgmaVoIipigxfGwJJorZ3xEZYoWJscVVbCneYgXLpH1e99y6d3dRa1wX9ZThCI7hFDy4hAbcQhNaQEDBM7zAq/PkvDnvzsc8WnKKnUP4A+fzB/BimRU=</latexit><latexit sha1_base64="ypRUlaW9YOOfzPsRqDzO++93a5c=">AAACBXicbVC7SgNBFL0bXzG+opY2g0EQi7ArgpZBG8sI5gHZNczOziZDZmaXmVkhLKn9BVvt7cTW77D1S5wkW2jigQuHc87lXk6YcqaN6345pZXVtfWN8mZla3tnd6+6f9DWSaYIbZGEJ6obYk05k7RlmOG0myqKRchpJxzdTP3OI1WaJfLejFMaCDyQLGYEGys9+KHIfW7jEe6fTfrVmlt3Z0DLxCtIDQo0+9VvP0pIJqg0hGOte56bmiDHyjDC6aTiZ5qmmIzwgPYslVhQHeSzryfoxCoRihNlRxo0U39v5FhoPRahTQpshnrRm4r/eqFYuGziqyBnMs0MlWR+OM44MgmaVoIipigxfGwJJorZ3xEZYoWJscVVbCneYgXLpH1e99y6d3dRa1wX9ZThCI7hFDy4hAbcQhNaQEDBM7zAq/PkvDnvzsc8WnKKnUP4A+fzB/BimRU=</latexit><latexit sha1_base64="ypRUlaW9YOOfzPsRqDzO++93a5c=">AAACBXicbVC7SgNBFL0bXzG+opY2g0EQi7ArgpZBG8sI5gHZNczOziZDZmaXmVkhLKn9BVvt7cTW77D1S5wkW2jigQuHc87lXk6YcqaN6345pZXVtfWN8mZla3tnd6+6f9DWSaYIbZGEJ6obYk05k7RlmOG0myqKRchpJxzdTP3OI1WaJfLejFMaCDyQLGYEGys9+KHIfW7jEe6fTfrVmlt3Z0DLxCtIDQo0+9VvP0pIJqg0hGOte56bmiDHyjDC6aTiZ5qmmIzwgPYslVhQHeSzryfoxCoRihNlRxo0U39v5FhoPRahTQpshnrRm4r/eqFYuGziqyBnMs0MlWR+OM44MgmaVoIipigxfGwJJorZ3xEZYoWJscVVbCneYgXLpH1e99y6d3dRa1wX9ZThCI7hFDy4hAbcQhNaQEDBM7zAq/PkvDnvzsc8WnKKnUP4A+fzB/BimRU=</latexit>

g!
<latexit sha1_base64="o4hKabAU4mgdU4fHV+mAGht/EgU=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAZBLMKdCFoGbSwjmBhIjrC3eUmW7O4du3tCOFL4F2y1txNbf4qtv8RNcoUmDjwYZt5jHhMlghvr+19eYWV1bX2juFna2t7Z3SvvHzRNnGqGDRaLWLcialBwhQ3LrcBWopHKSOBDNLqZ+g+PqA2P1b0dJ xhKOlC8zxm1Tmp1IpkNumeTbrniV/0ZyDIJclKBHPVu+bvTi1kqUVkmqDHtwE9smFFtORM4KXVSgwllIzrAtqOKSjRhNvt3Qk6c0iP9WLtRlszU3xcZlcaMZeQ2JbVDs+hNxX+9SC4k2/5VmHGVpBYVmwf3U0FsTKZlkB7XyKwYO0KZ5u53woZUU2ZdZSVXSrBYwTJpnlcDvxrcXVRq13k9RTiCYziFAC6hBrdQhwYwEPAML/DqPXlv3rv3MV8tePnNIfyB9/kDSSeWgw==</latexit><latexit sha1_base64="o4hKabAU4mgdU4fHV+mAGht/EgU=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAZBLMKdCFoGbSwjmBhIjrC3eUmW7O4du3tCOFL4F2y1txNbf4qtv8RNcoUmDjwYZt5jHhMlghvr+19eYWV1bX2juFna2t7Z3SvvHzRNnGqGDRaLWLcialBwhQ3LrcBWopHKSOBDNLqZ+g+PqA2P1b0dJ xhKOlC8zxm1Tmp1IpkNumeTbrniV/0ZyDIJclKBHPVu+bvTi1kqUVkmqDHtwE9smFFtORM4KXVSgwllIzrAtqOKSjRhNvt3Qk6c0iP9WLtRlszU3xcZlcaMZeQ2JbVDs+hNxX+9SC4k2/5VmHGVpBYVmwf3U0FsTKZlkB7XyKwYO0KZ5u53woZUU2ZdZSVXSrBYwTJpnlcDvxrcXVRq13k9RTiCYziFAC6hBrdQhwYwEPAML/DqPXlv3rv3MV8tePnNIfyB9/kDSSeWgw==</latexit><latexit sha1_base64="o4hKabAU4mgdU4fHV+mAGht/EgU=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAZBLMKdCFoGbSwjmBhIjrC3eUmW7O4du3tCOFL4F2y1txNbf4qtv8RNcoUmDjwYZt5jHhMlghvr+19eYWV1bX2juFna2t7Z3SvvHzRNnGqGDRaLWLcialBwhQ3LrcBWopHKSOBDNLqZ+g+PqA2P1b0dJ xhKOlC8zxm1Tmp1IpkNumeTbrniV/0ZyDIJclKBHPVu+bvTi1kqUVkmqDHtwE9smFFtORM4KXVSgwllIzrAtqOKSjRhNvt3Qk6c0iP9WLtRlszU3xcZlcaMZeQ2JbVDs+hNxX+9SC4k2/5VmHGVpBYVmwf3U0FsTKZlkB7XyKwYO0KZ5u53woZUU2ZdZSVXSrBYwTJpnlcDvxrcXVRq13k9RTiCYziFAC6hBrdQhwYwEPAML/DqPXlv3rv3MV8tePnNIfyB9/kDSSeWgw==</latexit><latexit sha1_base64="o4hKabAU4mgdU4fHV+mAGht/EgU=">AAAB/3icbVA9SwNBFHwXv2L8ilraLAZBLMKdCFoGbSwjmBhIjrC3eUmW7O4du3tCOFL4F2y1txNbf4qtv8RNcoUmDjwYZt5jHhMlghvr+19eYWV1bX2juFna2t7Z3SvvHzRNnGqGDRaLWLcialBwhQ3LrcBWopHKSOBDNLqZ+g+PqA2P1b0dJ xhKOlC8zxm1Tmp1IpkNumeTbrniV/0ZyDIJclKBHPVu+bvTi1kqUVkmqDHtwE9smFFtORM4KXVSgwllIzrAtqOKSjRhNvt3Qk6c0iP9WLtRlszU3xcZlcaMZeQ2JbVDs+hNxX+9SC4k2/5VmHGVpBYVmwf3U0FsTKZlkB7XyKwYO0KZ5u53woZUU2ZdZSVXSrBYwTJpnlcDvxrcXVRq13k9RTiCYziFAC6hBrdQhwYwEPAML/DqPXlv3rv3MV8tePnNIfyB9/kDSSeWgw==</latexit>

f (R )
<latexit sha1_base64="+Rc7PFNECI7VcDaJ7ay5w+Jd4JY=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GITdgVQcugjWUU85BkCbOT2WTIzOwyMyuEJY2/YKu9ndj6J7Z+iZPNFpp44MLhnHs5lxPEnGnjul9OYWV1bX2juFna2t7Z3SvvH7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsbXM7/9SJVmkbw3k5j6Ag8lCxnBxkoPvUCkYfXudNovV9yamwEtEy8nFcjR6Je/e4OIJIJKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupRILqv00e3iKTqwyQGGk7EiDMvX3RYqF1hMR2E2BzUgvejPxXy8QC8kmvPRTJuPEUEnmwWHCkYnQrA00YIoSwyeWYKKY/R2REVaYGNtZyZbiLVawTFpnNc+tebfnlfpVXk8RjuAYquDBBdThBhrQBAICnuEFXp0n5815dz7mqwUnvzmEP3A+fwCYA5am</latexit><latexit sha1_base64="+Rc7PFNECI7VcDaJ7ay5w+Jd4JY=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GITdgVQcugjWUU85BkCbOT2WTIzOwyMyuEJY2/YKu9ndj6J7Z+iZPNFpp44MLhnHs5lxPEnGnjul9OYWV1bX2juFna2t7Z3SvvH7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsbXM7/9SJVmkbw3k5j6Ag8lCxnBxkoPvUCkYfXudNovV9yamwEtEy8nFcjR6Je/e4OIJIJKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupRILqv00e3iKTqwyQGGk7EiDMvX3RYqF1hMR2E2BzUgvejPxXy8QC8kmvPRTJuPEUEnmwWHCkYnQrA00YIoSwyeWYKKY/R2REVaYGNtZyZbiLVawTFpnNc+tebfnlfpVXk8RjuAYquDBBdThBhrQBAICnuEFXp0n5815dz7mqwUnvzmEP3A+fwCYA5am</latexit><latexit sha1_base64="+Rc7PFNECI7VcDaJ7ay5w+Jd4JY=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GITdgVQcugjWUU85BkCbOT2WTIzOwyMyuEJY2/YKu9ndj6J7Z+iZPNFpp44MLhnHs5lxPEnGnjul9OYWV1bX2juFna2t7Z3SvvH7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsbXM7/9SJVmkbw3k5j6Ag8lCxnBxkoPvUCkYfXudNovV9yamwEtEy8nFcjR6Je/e4OIJIJKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupRILqv00e3iKTqwyQGGk7EiDMvX3RYqF1hMR2E2BzUgvejPxXy8QC8kmvPRTJuPEUEnmwWHCkYnQrA00YIoSwyeWYKKY/R2REVaYGNtZyZbiLVawTFpnNc+tebfnlfpVXk8RjuAYquDBBdThBhrQBAICnuEFXp0n5815dz7mqwUnvzmEP3A+fwCYA5am</latexit><latexit sha1_base64="+Rc7PFNECI7VcDaJ7ay5w+Jd4JY=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GITdgVQcugjWUU85BkCbOT2WTIzOwyMyuEJY2/YKu9ndj6J7Z+iZPNFpp44MLhnHs5lxPEnGnjul9OYWV1bX2juFna2t7Z3SvvH7R0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsbXM7/9SJVmkbw3k5j6Ag8lCxnBxkoPvUCkYfXudNovV9yamwEtEy8nFcjR6Je/e4OIJIJKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupRILqv00e3iKTqwyQGGk7EiDMvX3RYqF1hMR2E2BzUgvejPxXy8QC8kmvPRTJuPEUEnmwWHCkYnQrA00YIoSwyeWYKKY/R2REVaYGNtZyZbiLVawTFpnNc+tebfnlfpVXk8RjuAYquDBBdThBhrQBAICnuEFXp0n5815dz7mqwUnvzmEP3A+fwCYA5am</latexit>

EH
<latexit sha1_base64="sF69a1sXCxccEDQ+BLIS48kNxRE=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GwCrsiaBkUIWUE84BkCbOT2WTIPJaZWSEsKfwFW+3txNZPsfVLnCRbaOKBC4dz7uVcTpRwZqzvf3mFtfWNza3idmlnd2//oHx41DIq1YQ2ieJKdyJsKGeSNi2znHYSTbGIOG1H49uZ336k2jAlH+wkoaHAQ8liRrB1UifrRTG6q0/75Ypf9edAqyTISQVyNPrl795AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2Yzf+dojOnDFCstBtp0Vz9fZFhYcxERG5TYDsyy95M/NeLxFKyja/DjMkktVSSRXCccmQVmpWBBkxTYvnEEUw0c78jMsIaE+sqK7lSguUKVknrohr41eD+slK7yespwgmcwjkEcAU1qEMDmkCAwzO8wKv35L15797HYrXg5TfH8Afe5w/Tj5Y5</latexit><latexit sha1_base64="sF69a1sXCxccEDQ+BLIS48kNxRE=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GwCrsiaBkUIWUE84BkCbOT2WTIPJaZWSEsKfwFW+3txNZPsfVLnCRbaOKBC4dz7uVcTpRwZqzvf3mFtfWNza3idmlnd2//oHx41DIq1YQ2ieJKdyJsKGeSNi2znHYSTbGIOG1H49uZ336k2jAlH+wkoaHAQ8liRrB1UifrRTG6q0/75Ypf9edAqyTISQVyNPrl795AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2Yzf+dojOnDFCstBtp0Vz9fZFhYcxERG5TYDsyy95M/NeLxFKyja/DjMkktVSSRXCccmQVmpWBBkxTYvnEEUw0c78jMsIaE+sqK7lSguUKVknrohr41eD+slK7yespwgmcwjkEcAU1qEMDmkCAwzO8wKv35L15797HYrXg5TfH8Afe5w/Tj5Y5</latexit><latexit sha1_base64="sF69a1sXCxccEDQ+BLIS48kNxRE=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GwCrsiaBkUIWUE84BkCbOT2WTIPJaZWSEsKfwFW+3txNZPsfVLnCRbaOKBC4dz7uVcTpRwZqzvf3mFtfWNza3idmlnd2//oHx41DIq1YQ2ieJKdyJsKGeSNi2znHYSTbGIOG1H49uZ336k2jAlH+wkoaHAQ8liRrB1UifrRTG6q0/75Ypf9edAqyTISQVyNPrl795AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2Yzf+dojOnDFCstBtp0Vz9fZFhYcxERG5TYDsyy95M/NeLxFKyja/DjMkktVSSRXCccmQVmpWBBkxTYvnEEUw0c78jMsIaE+sqK7lSguUKVknrohr41eD+slK7yespwgmcwjkEcAU1qEMDmkCAwzO8wKv35L15797HYrXg5TfH8Afe5w/Tj5Y5</latexit><latexit sha1_base64="sF69a1sXCxccEDQ+BLIS48kNxRE=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GwCrsiaBkUIWUE84BkCbOT2WTIPJaZWSEsKfwFW+3txNZPsfVLnCRbaOKBC4dz7uVcTpRwZqzvf3mFtfWNza3idmlnd2//oHx41DIq1YQ2ieJKdyJsKGeSNi2znHYSTbGIOG1H49uZ336k2jAlH+wkoaHAQ8liRrB1UifrRTG6q0/75Ypf9edAqyTISQVyNPrl795AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2Yzf+dojOnDFCstBtp0Vz9fZFhYcxERG5TYDsyy95M/NeLxFKyja/DjMkktVSSRXCccmQVmpWBBkxTYvnEEUw0c78jMsIaE+sqK7lSguUKVknrohr41eD+slK7yespwgmcwjkEcAU1qEMDmkCAwzO8wKv35L15797HYrXg5TfH8Afe5w/Tj5Y5</latexit>

f (R, Ric 2 )
<latexit sha1_base64="Mrwn77sNSH5+0EafGRv8yPiArEQ=">AAACDnicbVDLSsNAFJ3UV62vqLhyM1iEClKSIuiy6MZlLfYBTSyT6aQdOjMJMxOhhPyDv+BW9+7Erb/g1i9x2mahrQcuHM65l3M5Qcyo0o7zZRVWVtfWN4qbpa3tnd09e/+graJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvpn6nUciFY3EvZ7ExOdoKGhIMdJG6ttHXsDTsNI8Tz3JYZPi7KF2lvXtslN1ZoDLxM1JGeRo9O1vbxDhhBOhMUNK9Vwn1n6KpKaYkazkJYrECI/RkPQMFYgT5aez9zN4apQBDCNpRmg4U39fpIgrNeGB2eRIj9SiNxX/9QK+kKzDKz+lIk40EXgeHCYM6ghOu4EDKgnWbGIIwpKa3yEeIYmwNg2WTCnuYgXLpF2ruk7Vvbso16/zeorgGJyACnDBJaiDW9AALYBBCp7BC3i1nqw36936mK8WrPzmEPyB9fkDpDubfA==</latexit><latexit sha1_base64="Mrwn77sNSH5+0EafGRv8yPiArEQ=">AAACDnicbVDLSsNAFJ3UV62vqLhyM1iEClKSIuiy6MZlLfYBTSyT6aQdOjMJMxOhhPyDv+BW9+7Erb/g1i9x2mahrQcuHM65l3M5Qcyo0o7zZRVWVtfWN4qbpa3tnd09e/+graJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvpn6nUciFY3EvZ7ExOdoKGhIMdJG6ttHXsDTsNI8Tz3JYZPi7KF2lvXtslN1ZoDLxM1JGeRo9O1vbxDhhBOhMUNK9Vwn1n6KpKaYkazkJYrECI/RkPQMFYgT5aez9zN4apQBDCNpRmg4U39fpIgrNeGB2eRIj9SiNxX/9QK+kKzDKz+lIk40EXgeHCYM6ghOu4EDKgnWbGIIwpKa3yEeIYmwNg2WTCnuYgXLpF2ruk7Vvbso16/zeorgGJyACnDBJaiDW9AALYBBCp7BC3i1nqw36936mK8WrPzmEPyB9fkDpDubfA==</latexit><latexit sha1_base64="Mrwn77sNSH5+0EafGRv8yPiArEQ=">AAACDnicbVDLSsNAFJ3UV62vqLhyM1iEClKSIuiy6MZlLfYBTSyT6aQdOjMJMxOhhPyDv+BW9+7Erb/g1i9x2mahrQcuHM65l3M5Qcyo0o7zZRVWVtfWN4qbpa3tnd09e/+graJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvpn6nUciFY3EvZ7ExOdoKGhIMdJG6ttHXsDTsNI8Tz3JYZPi7KF2lvXtslN1ZoDLxM1JGeRo9O1vbxDhhBOhMUNK9Vwn1n6KpKaYkazkJYrECI/RkPQMFYgT5aez9zN4apQBDCNpRmg4U39fpIgrNeGB2eRIj9SiNxX/9QK+kKzDKz+lIk40EXgeHCYM6ghOu4EDKgnWbGIIwpKa3yEeIYmwNg2WTCnuYgXLpF2ruk7Vvbso16/zeorgGJyACnDBJaiDW9AALYBBCp7BC3i1nqw36936mK8WrPzmEPyB9fkDpDubfA==</latexit><latexit sha1_base64="Mrwn77sNSH5+0EafGRv8yPiArEQ=">AAACDnicbVDLSsNAFJ3UV62vqLhyM1iEClKSIuiy6MZlLfYBTSyT6aQdOjMJMxOhhPyDv+BW9+7Erb/g1i9x2mahrQcuHM65l3M5Qcyo0o7zZRVWVtfWN4qbpa3tnd09e/+graJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvpn6nUciFY3EvZ7ExOdoKGhIMdJG6ttHXsDTsNI8Tz3JYZPi7KF2lvXtslN1ZoDLxM1JGeRo9O1vbxDhhBOhMUNK9Vwn1n6KpKaYkazkJYrECI/RkPQMFYgT5aez9zN4apQBDCNpRmg4U39fpIgrNeGB2eRIj9SiNxX/9QK+kKzDKz+lIk40EXgeHCYM6ghOu4EDKgnWbGIIwpKa3yEeIYmwNg2WTCnuYgXLpF2ruk7Vvbso16/zeorgGJyACnDBJaiDW9AALYBBCp7BC3i1nqw36936mK8WrPzmEPyB9fkDpDubfA==</latexit>
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secondary
<latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit><latexit sha1_base64="GmCRvaPiYIQq+slKU6nszQQyDL4=">AAACDXicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXiMYBIhu4TZSW8yZHZ2mekV45Jv8Be86t2bePUbvPolTh4HTSxoKKq6qabCVAqDrvvlFJaWV1bXiuuljc2t7Z3y7l7TJJnm0OCJTPRdyAxIoaCBAiXcpRpYHEpohYOrsd+6B21Eom5xmEIQs54SkeAMrdQpH/gID5j7YUQN8ER1mR6OOuWKW3UnoIvEm5EKmaHeKX/73YRnMSjkkhnT9twUg5xpFFzCqORnBlLGB6wHbUsVi8EE+eT7ET22SpdGibajkE7U3xc5i40ZxqHdjBn2zbw3Fv/1wnguGaOLIBcqzRAUnwZHmaSY0HE1tCs0cJRDSxjXwv5OeZ9pxtEWWLKlePMVLJLmadVzq97NWaV2OaunSA7JETkhHjknNXJN6qRBOHkkz+SFvDpPzpvz7nxMVwvO7Gaf/IHz+QPCXJw+</latexit>

Riemann
<latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit>

Riemann
<latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit><latexit sha1_base64="XMbDxurH4ShoKa34252/e+E3sHQ=">AAACC3icbVDLSgNBEJz1bXytevQyGARPYVcEPQa9eIxijGCWMDvpTQZnZpeZXklY8gn+gle9exOvfoRXv8RJ3IMmFjQUVd1UU3EmhcUg+PTm5hcWl5ZXVitr6xubW/72zo1Nc8OhyVOZmtuYWZBCQxMFSrjNDDAVS2jF9+djv/UAxopUX+Mwg0ixnhaJ4Ayd1PF32ggDLNpxQq8EKKb1qONXg1owAZ0lYUmqpESj43+1uynPFWjkkll7FwYZRgUzKLiEUaWdW8gYv2c9uHNUMwU2Kia/j+iBU7o0SY0bjXSi/r4omLJ2qGK3qRj27bQ3Fv/1YjWVjMlpVAid5Qia/wQnuaSY0nExtCsMcJRDRxg3wv1OeZ8ZxtHVV3GlhNMVzJKbo1oY1MLL42r9rKxnheyRfXJIQnJC6uSCNEiTcDIgT+SZvHiP3qv35r3/rM555c0u+QPv4xvXUJss</latexit>



Eigenvectors in Asymptotic 
Safety



Eigenvectors in Asymptotic Safety

• Eigenvectors parametrise flow 
close to fixed point 
 
          


• Which linear combination of 
operators lead to relevant 
directions?

ℳijv(ℓ)
j = θℓv(ℓ)

i
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Rescaling Ambiguity
• Eigenvectors are not invariant under 

rescaling of couplings


• Idea: Choose rescaling of couplings to 
make eigenvectors as orthogonal as 
possible


• Can be implemented using equal 
weight condition 
 

 

 

N−1

∑
i=0

v(ℓ)
i

2
= 1 ∀ℓ

N−1

∑
ℓ=0

v(ℓ)
i

2
= 1 ∀i
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Equal Weight Eigenvectors

33
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Summary & Outlook



Summary
• Asymptotic Safety provides a possibility to render quantum gravity predictive at all 

energy scales


• Flow Equation for three parameter set of gravitational actions


• Possibility to study many further actions


• Three fixed points in 


• Rieman interactions can generate a fourth relevant direction


• Higher curvature invariants can have non-trivial effects on fixed points in 
quantum gravity 

• Eigenvalues follow near-Gaussian scaling


• Eigenvectors are useful to understand how relevant/irrelevant eigenvectors are created

f(R, Riem2)
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Outlook
• Can other dim-6 curvature invariants lead to a fourth relevant direction?


• Technical improvements (More general backgrounds, more general 
parametrisation, …)


• Effects of Matter?


• Behaviour of eigenvectors in different theories?
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Thanks for listening!


