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Status of the Standard Model
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After LHC

@ Mh = 125 GeV: can extend the Standard Model all the way to the Planck scale
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• Landau poles/ triviality problem in U(1) hypercharge and Higgs-Yukawa sector 

• low-energy values of all couplings are free parameters (e.g. hierarchy problem) 

• gravitational interaction is missing
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• Landau poles/ triviality problem in U(1) hypercharge and Higgs-Yukawa sector 

• low-energy values of all couplings are free parameters (e.g. hierarchy problem) 

• gravitational interaction is missing
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are these challenges/problems connected?



Hints for asymptotically safe gravity + Standard Model

• Landau poles/ triviality problem in U(1) hypercharge and Higgs-Yukawa sector 

quantum-gravity induced ultraviolet completion for Standard Model 

• low-energy values of all couplings are free parameters (e.g. hierarchy problem) 
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onset of quantum gravitational fluctuations

potentially calculable from first principles (     tests of QG at e/w scale)!
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 very different at small scales (?)

not so different at large scales?

zooming out:  
microscopic information gets lost
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zooming out:  
most microscopic information gets lost

imprints of microscopic physics at macroscopic scales

Connection to particle physics - a challenge

example/analogy: viscosity vs. molecular scale



zooming out:  
most microscopic information gets lost

imprints of microscopic physics at macroscopic scales

Which parts of macrophysics are sensitive to the underlying QG picture?

Connection to particle physics - a challenge

example/analogy: viscosity vs. molecular scale

some Standard Model couplings could be irrelevant (predicted!) at AS fixed point
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asymptotic safety

• a scenario for ultraviolet completions of local quantum field theories
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asymptotic freedom

• a generalization of asymptotic freedom

• a scenario for ultraviolet completions of local quantum field theories

• an interacting Renormalization Group fixed point

�gi = k@k gi(k) = 0
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• consequence: universal predictions for a subset of couplings

enhanced symmetry: 
quantum scale symmetry
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Predictions from asymptotic safety

Irrelevant directions: Predictions from asymptotic safety

Infrared attractive direction
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predictive power of new symmetry  
(scale symmetry)



Free parameters of asymptotic safety

Relevant directions: Free parameters (parameterize deviations from scale invariance)
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Asymptotically safe gravity - key idea

Quantum gravity: 
Quantum fluctuations of spacetime 
path integral for metric (cf. Yang-Mills)
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Quantum fluctuations of gravity drive  
running gravitational couplings
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Strength of grav. interaction depends 
on energy scale at which theory is probed

Quantum gravity: 
Quantum fluctuations of spacetime 
path integral for metric (cf. Yang-Mills)
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Asymptotically safe gravity - key idea



classical gravity regime Planck scale quantum scale invariance

asymptotically safe regime

Fig 1: Illustration of zooming in on spacetime: Quantum fluctuations set in at the Planck scale. Beyond, a scale-invariant regime is realized. 
The corresponding Newton coupling, measured in units of the energy scale k, becomes asymptotically safe.
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Asymptotically safe gravity - key idea

Quantum gravity: 
Quantum fluctuations of spacetime 
path integral for metric (cf. Yang-Mills)



Quantum fluctuations of gravity drive  
running gravitational couplings

Strength of grav. interaction depends 
on energy scale at which theory is probed
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Quantum fluctuations of gravity ``shield” gravitational interaction in the UV

Asymptotically safe gravity - key idea

classical gravity regime Planck scale quantum scale invariance

asymptotically safe regime

Fig 1: Illustration of zooming in on spacetime: Quantum fluctuations set in at the Planck scale. Beyond, a scale-invariant regime is realized. 
The corresponding Newton coupling, measured in units of the energy scale k, becomes asymptotically safe.
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``strength” of  
metric fluctuations

�G = 2G�#G2 + ...
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Fig 1: Illustration of zooming in on spacetime: Quantum fluctuations set in at the Planck scale. Beyond, a scale-invariant regime is realized. 
The corresponding Newton coupling, measured in units of the energy scale k, becomes asymptotically safe.
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Scale-invariance made intuitive

fractal-like quantum spacetime
[Lauscher, Reuter ’05; Reuter, Saueressig ’10; 
Calcagni, A.E., Saueressig ’13]

changes of the ``zoom factor” have no effect 

``strength” of  
metric fluctuations

Asymptotically safe gravity - key idea

�G = 2G�#G2 + ...
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Asymptotically safe gravity - status and open questions

compelling indications for asymptotically safe fixed point in pure Euclidean gravity 
from truncated functional RG studies (Wetterich-equation) [Reuter ’96]

open questions/ongoing work: 

• quantitative apparent convergence (in particular with matter) 
• background independence 
• Lorentzian signature 
• unitarity/ghosts (note subtleties in QG case)
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assumption for rest of this talk: 
asymptotic safety in gravity 

-> Consequences for matter?

compelling indications for asymptotically safe fixed point in pure Euclidean gravity 
from truncated functional RG studies (Wetterich-equation)

status:



Asymptotically safe guide to the literature on SM + QG:
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Asymptotically safe guide to the literature on SM + QG:

- AF in non-Abelian couplings preserved

- AF/AS in U(1)

- Higgs quartic vanishes (approximately?) at Planck scale

- AF/AS in Yukawas

104 109 1014 1019 1024 1029 1034 1039
0.0

0.2

0.4

0.6

0.8

1.0

1.2

RG scale k in GeV

S
M

co
up
lin
gs

g3

g2

gY

y t

y b

Hints in truncations of RG flow from functional RG techniques 
that SM could become UV complete by AS quantum gravity fluctuations:

[AE, Held, Pawlowski Phys.Rev. D94 (2016) no.10, 104027; AE, Held, Phys.Lett. B777 (2018) 217-221; 

AE, Held arXiv:1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

[Narain, Percacci Class.Quant.Grav. 27 (2010) 075001; Shaposhnikov, Wetterich Phys.Lett. B683 (2010) 196-200,

Oda, Yamada, Class.Quant.Grav. 33 (2016) no.12, 125011; Hamada, Yamada JHEP 1708 (2017) 070;


AE, Hamada, Lumma, Yamada Phys.Rev. D97 (2018) no.8, 086004;

Pawlowski, Reichert, Wetterich, Yamada arXiv:1811.11706 ]

[Daum, Harst, Reuter JHEP 1001 (2010) 084; Folkerts, Litim, Pawlowski, Phys.Lett. B709 (2012) 234-241;

Christiansen, Litim, Pawlowski, Reichert Phys.Rev. D97 (2018) no.10, 106012]

[Harst, Reuter JHEP 1105 (2011) 119; Christiansen, AE, Phys.Lett. B770 (2017) 154-160; AE, Versteegen JHEP 1801 (2018) 030]

http://arxiv.org/abs/arXiv:1803.04027
http://arxiv.org/abs/arXiv:1811.11706
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Predictive power of asymptotic safety - proof of principle: Abelian gauge coupling 
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<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

metric fluctuations

[Daum, Harst, Reuter ’09;  
Folkerts, Litim, Pawlowski ’09; 
Harst, Reuter ’11;  
Christiansen, AE ’17; 
AE, Versteegen ’17;  
Christiansen et al. ’17]

fg ! 0
<latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

above Mplfg = const � 0

<latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit>

below Mpl

• Asymptotically safe quantum gravity could act like effective change of dimensionality

Predictive power of asymptotic safety - proof of principle: Abelian gauge coupling 
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<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

metric fluctuations

[Daum, Harst, Reuter ’09;  
Folkerts, Litim, Pawlowski ’09; 
Harst, Reuter ’11;  
Christiansen, AE ’17; 
AE, Versteegen ’17;  
Christiansen et al. ’17]
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[AE, Versteegen ’17]

= upper bound

matter & gravity fluctuations compete: 

strong gravity: asymptotically free  
strong matter: UV unsafe 
balance: UV safe & interacting                        

fg ! 0
<latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

above Mplfg = const � 0

<latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit>

below Mpl
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• Asymptotically safe quantum gravity could act like effective change of dimensionality

Predictive power of asymptotic safety - proof of principle: Abelian gauge coupling 



) large IR values of        cannot 
be reached from any fixed point

gY
<latexit sha1_base64="cI8c5xt2KsgaBBYbDdRHegxn6Sg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGltpQ9lsJ+nSzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpIJr47pfTmlpeWV1rbxe2djc2t6p7u7d6yRTDD2WiER1AqpRcIme4UZgJ1VI40BgOxhdTf32IyrNE3lnxin6MY0kDzmjxkq3Uf+hX625dXcG8pc0ClKDAq1+9bM3SFgWozRMUK27DTc1fk6V4UzgpNLLNKaUjWiEXUsljVH7+ezUCTmyyoCEibIlDZmpPydyGms9jgPbGVMz1IveVPzP62YmPPdzLtPMoGTzRWEmiEnI9G8y4AqZEWNLKFPc3krYkCrKjE2nYkNoLL78l3gn9Yu6e3Naa14WaZThAA7hGBpwBk24hhZ4wCCCJ3iBV0c4z86b8z5vLTnFzD78gvPxDZvGjYo=</latexit><latexit sha1_base64="cI8c5xt2KsgaBBYbDdRHegxn6Sg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGltpQ9lsJ+nSzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpIJr47pfTmlpeWV1rbxe2djc2t6p7u7d6yRTDD2WiER1AqpRcIme4UZgJ1VI40BgOxhdTf32IyrNE3lnxin6MY0kDzmjxkq3Uf+hX625dXcG8pc0ClKDAq1+9bM3SFgWozRMUK27DTc1fk6V4UzgpNLLNKaUjWiEXUsljVH7+ezUCTmyyoCEibIlDZmpPydyGms9jgPbGVMz1IveVPzP62YmPPdzLtPMoGTzRWEmiEnI9G8y4AqZEWNLKFPc3krYkCrKjE2nYkNoLL78l3gn9Yu6e3Naa14WaZThAA7hGBpwBk24hhZ4wCCCJ3iBV0c4z86b8z5vLTnFzD78gvPxDZvGjYo=</latexit><latexit sha1_base64="cI8c5xt2KsgaBBYbDdRHegxn6Sg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGltpQ9lsJ+nSzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpIJr47pfTmlpeWV1rbxe2djc2t6p7u7d6yRTDD2WiER1AqpRcIme4UZgJ1VI40BgOxhdTf32IyrNE3lnxin6MY0kDzmjxkq3Uf+hX625dXcG8pc0ClKDAq1+9bM3SFgWozRMUK27DTc1fk6V4UzgpNLLNKaUjWiEXUsljVH7+ezUCTmyyoCEibIlDZmpPydyGms9jgPbGVMz1IveVPzP62YmPPdzLtPMoGTzRWEmiEnI9G8y4AqZEWNLKFPc3krYkCrKjE2nYkNoLL78l3gn9Yu6e3Naa14WaZThAA7hGBpwBk24hhZ4wCCCJ3iBV0c4z86b8z5vLTnFzD78gvPxDZvGjYo=</latexit>

�gY =
g3Y
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<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

metric fluctuations

[Daum, Harst, Reuter ’09;  
Folkerts, Litim, Pawlowski ’09; 
Harst, Reuter ’11;  
Christiansen, AE ’17; 
AE, Versteegen ’17;  
Christiansen et al. ’17]

1 1010 1020 1030 1040
0.2

0.4

0.6

0.8

1.0

1.2

1.4

RG scale k in GeV

g y
(k
)

predictive trajectory

free trajectories

UV unsafe trajectories

[AE, Versteegen ’17]

= upper bound

matter & gravity fluctuations compete: 

strong gravity: asymptotically free  
strong matter: UV unsafe 
balance: UV safe & interacting                        

fg ! 0
<latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

above Mplfg = const � 0

<latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit>

below Mpl

) bound on        is unique value 
reached from interacting fixed point

gY
<latexit sha1_base64="cI8c5xt2KsgaBBYbDdRHegxn6Sg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGltpQ9lsJ+nSzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpIJr47pfTmlpeWV1rbxe2djc2t6p7u7d6yRTDD2WiER1AqpRcIme4UZgJ1VI40BgOxhdTf32IyrNE3lnxin6MY0kDzmjxkq3Uf+hX625dXcG8pc0ClKDAq1+9bM3SFgWozRMUK27DTc1fk6V4UzgpNLLNKaUjWiEXUsljVH7+ezUCTmyyoCEibIlDZmpPydyGms9jgPbGVMz1IveVPzP62YmPPdzLtPMoGTzRWEmiEnI9G8y4AqZEWNLKFPc3krYkCrKjE2nYkNoLL78l3gn9Yu6e3Naa14WaZThAA7hGBpwBk24hhZ4wCCCJ3iBV0c4z86b8z5vLTnFzD78gvPxDZvGjYo=</latexit><latexit sha1_base64="cI8c5xt2KsgaBBYbDdRHegxn6Sg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGltpQ9lsJ+nSzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpIJr47pfTmlpeWV1rbxe2djc2t6p7u7d6yRTDD2WiER1AqpRcIme4UZgJ1VI40BgOxhdTf32IyrNE3lnxin6MY0kDzmjxkq3Uf+hX625dXcG8pc0ClKDAq1+9bM3SFgWozRMUK27DTc1fk6V4UzgpNLLNKaUjWiEXUsljVH7+ezUCTmyyoCEibIlDZmpPydyGms9jgPbGVMz1IveVPzP62YmPPdzLtPMoGTzRWEmiEnI9G8y4AqZEWNLKFPc3krYkCrKjE2nYkNoLL78l3gn9Yu6e3Naa14WaZThAA7hGBpwBk24hhZ4wCCCJ3iBV0c4z86b8z5vLTnFzD78gvPxDZvGjYo=</latexit><latexit sha1_base64="cI8c5xt2KsgaBBYbDdRHegxn6Sg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGltpQ9lsJ+nSzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpIJr47pfTmlpeWV1rbxe2djc2t6p7u7d6yRTDD2WiER1AqpRcIme4UZgJ1VI40BgOxhdTf32IyrNE3lnxin6MY0kDzmjxkq3Uf+hX625dXcG8pc0ClKDAq1+9bM3SFgWozRMUK27DTc1fk6V4UzgpNLLNKaUjWiEXUsljVH7+ezUCTmyyoCEibIlDZmpPydyGms9jgPbGVMz1IveVPzP62YmPPdzLtPMoGTzRWEmiEnI9G8y4AqZEWNLKFPc3krYkCrKjE2nYkNoLL78l3gn9Yu6e3Naa14WaZThAA7hGBpwBk24hhZ4wCCCJ3iBV0c4z86b8z5vLTnFzD78gvPxDZvGjYo=</latexit>
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• Asymptotically safe quantum gravity could act like effective change of dimensionality

Predictive power of asymptotic safety - proof of principle: Abelian gauge coupling 



) large IR values of        cannot 
be reached from any fixed point

gY
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metric fluctuations

[Daum, Harst, Reuter ’09;  
Folkerts, Litim, Pawlowski ’09; 
Harst, Reuter ’11;  
Christiansen, AE ’17; 
AE, Versteegen ’17;  
Christiansen et al. ’17]
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= upper bound

matter & gravity fluctuations compete: 

strong gravity: asymptotically free  
strong matter: UV unsafe 
balance: UV safe & interacting                        

fg ! 0
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) bound on        is unique value 
reached from interacting fixed point
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• Asymptotically safe quantum gravity could act like effective change of dimensionality

D=4 dynamically selected critical 
dimension for asymptotically safe 

gravity and matter 

[AE, Schiffer ’19]

Predictive power of asymptotic safety - proof of principle: Abelian gauge coupling 



Top mass, bottom mass and Abelian gauge coupling from asymptotic safety
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Abelian hypercharge:

Top & bottom Yukawa:

�yt/b
=

3

16⇡2
y3t/b � fy yt/b �#t/bgY y2t/b

<latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit>

�
3yt/b
16⇡2

⇣
1/36 + Y 2

t/b

⌘
g2Y

<latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

! gY ⇤ > 0
<latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit>

! yt,b ⇤ > 0
<latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit>

gravity is ``flavor-blind”

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

*            restricts viable space of microscopic coupling values

*

[AE, Held ’17]fy > 0
<latexit sha1_base64="xznv41llXceYXkSLP/YNVY4cY34=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxgrGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWj26nfekKleSIfzDjFIKYDySPOqLGSH/XG126vWnPr7gxkmXgFqUGBZq/61e0nLItRGiao1h3PTU2QU2U4EzipdDONKWUjOsCOpZLGqIN8duyEnFilT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lOxIXiLLy8T/6x+VXfvz2uNmyKNMhzBMZyCBxfQgDtogg8MODzDK7w50nlx3p2PeWvJKWYO4Q+czx+9hI4r</latexit><latexit sha1_base64="xznv41llXceYXkSLP/YNVY4cY34=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxgrGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWj26nfekKleSIfzDjFIKYDySPOqLGSH/XG126vWnPr7gxkmXgFqUGBZq/61e0nLItRGiao1h3PTU2QU2U4EzipdDONKWUjOsCOpZLGqIN8duyEnFilT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lOxIXiLLy8T/6x+VXfvz2uNmyKNMhzBMZyCBxfQgDtogg8MODzDK7w50nlx3p2PeWvJKWYO4Q+czx+9hI4r</latexit><latexit sha1_base64="xznv41llXceYXkSLP/YNVY4cY34=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxgrGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWj26nfekKleSIfzDjFIKYDySPOqLGSH/XG126vWnPr7gxkmXgFqUGBZq/61e0nLItRGiao1h3PTU2QU2U4EzipdDONKWUjOsCOpZLGqIN8duyEnFilT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lOxIXiLLy8T/6x+VXfvz2uNmyKNMhzBMZyCBxfQgDtogg8MODzDK7w50nlx3p2PeWvJKWYO4Q+czx+9hI4r</latexit>

http://arxiv.org/abs/arXiv:1803.04027


Top mass, bottom mass and Abelian gauge coupling from asymptotic safety

�gY =
g3Y
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6
�GgY f(⇤)�fg gY

<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

Abelian hypercharge:

Top & bottom Yukawa:

unequal hypercharge of top, bottom: 
unequal fixed-point values

�yt/b
=

3

16⇡2
y3t/b � fy yt/b �#t/bgY y2t/b

<latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit>

�
3yt/b
16⇡2

⇣
1/36 + Y 2

t/b

⌘
g2Y

<latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

! gY ⇤ > 0
<latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit>

! yt,b ⇤ > 0
<latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit>

fixed-point relation: y2t ⇤ � y2b ⇤ =
1

3
g2Y ⇤

<latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit>

! (Mt,Mb, gY (kew))
<latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit>

unique set

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

*            restricts viable space of microscopic coupling values

*

[AE, Held ’17]fy > 0
<latexit sha1_base64="xznv41llXceYXkSLP/YNVY4cY34=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxgrGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWj26nfekKleSIfzDjFIKYDySPOqLGSH/XG126vWnPr7gxkmXgFqUGBZq/61e0nLItRGiao1h3PTU2QU2U4EzipdDONKWUjOsCOpZLGqIN8duyEnFilT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lOxIXiLLy8T/6x+VXfvz2uNmyKNMhzBMZyCBxfQgDtogg8MODzDK7w50nlx3p2PeWvJKWYO4Q+czx+9hI4r</latexit><latexit sha1_base64="xznv41llXceYXkSLP/YNVY4cY34=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxgrGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWj26nfekKleSIfzDjFIKYDySPOqLGSH/XG126vWnPr7gxkmXgFqUGBZq/61e0nLItRGiao1h3PTU2QU2U4EzipdDONKWUjOsCOpZLGqIN8duyEnFilT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lOxIXiLLy8T/6x+VXfvz2uNmyKNMhzBMZyCBxfQgDtogg8MODzDK7w50nlx3p2PeWvJKWYO4Q+czx+9hI4r</latexit><latexit sha1_base64="xznv41llXceYXkSLP/YNVY4cY34=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxgrGFNpTNdtIu3WzC7kYoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWj26nfekKleSIfzDjFIKYDySPOqLGSH/XG126vWnPr7gxkmXgFqUGBZq/61e0nLItRGiao1h3PTU2QU2U4EzipdDONKWUjOsCOpZLGqIN8duyEnFilT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lOxIXiLLy8T/6x+VXfvz2uNmyKNMhzBMZyCBxfQgDtogg8MODzDK7w50nlx3p2PeWvJKWYO4Q+czx+9hI4r</latexit>

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027
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16⇡2
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6
�GgY f(⇤)�fg gY

<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

Abelian hypercharge:

Top & bottom Yukawa:

�yt/b
=

3

16⇡2
y3t/b � fy yt/b �#t/bgY y2t/b

<latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit>

�
3yt/b
16⇡2

⇣
1/36 + Y 2

t/b

⌘
g2Y

<latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

fixed-point relation: y2t ⇤ � y2b ⇤ =
1

3
g2Y ⇤

<latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit>

yt,b
<latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit>

at finite         , they differ

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

mass difference for charged quarks  
from quantum gravity

Mb ⌧ Mt
<latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit>

QG induces finite fixed-point values for 

Proposed mechanism to explain

! gY ⇤ > 0
<latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit>

unequal hypercharge of top, bottom: 
unequal fixed-point values

! yt,b ⇤ > 0
<latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit>

gY ⇤
<latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit>

! (Mt,Mb, gY (kew))
<latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit>

unique set

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027


Top mass, bottom mass and Abelian gauge coupling from asymptotic safety
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6
�GgY f(⇤)�fg gY

<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

Abelian hypercharge:

Top & bottom Yukawa:

�yt/b
=

3

16⇡2
y3t/b � fy yt/b �#t/bgY y2t/b

<latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit>

�
3yt/b
16⇡2

⇣
1/36 + Y 2

t/b

⌘
g2Y

<latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

fixed-point relation: y2t ⇤ � y2b ⇤ =
1

3
g2Y ⇤

<latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit>

yt,b
<latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit>

at finite         , they differ

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

mass difference for charged quarks  
from quantum gravity

Mb ⌧ Mt
<latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit>

QG induces finite fixed-point values for 

Proposed mechanism to explain

! gY ⇤ > 0
<latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit>

unequal hypercharge of top, bottom: 
unequal fixed-point values

! yt,b ⇤ > 0
<latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit>

gY ⇤
<latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit>

! (Mt,Mb, gY (kew))
<latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit>

unique set

Is there a point in space of micr. grav. couplings 
where this works quantitatively?

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027


Top mass, bottom mass and Abelian gauge coupling from asymptotic safety

�gY =
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<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

Abelian hypercharge:
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Top & bottom Yukawa:

�yt/b
=

3

16⇡2
y3t/b � fy yt/b �#t/bgY y2t/b

<latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit>

�
3yt/b
16⇡2

⇣
1/36 + Y 2

t/b

⌘
g2Y

<latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

yt,b
<latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit>

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

mass difference for charged quarks  
from quantum gravity

Mb ⌧ Mt
<latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit>

QG induces finite fixed-point values for 

Proposed mechanism to explain

! gY ⇤ > 0
<latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit>

unequal hypercharge of top, bottom: 
unequal fixed-point values

! yt,b ⇤ > 0
<latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit>

at finite         , they differgY ⇤
<latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit>

fixed-point relation: y2t ⇤ � y2b ⇤ =
1

3
g2Y ⇤

<latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit>

! (Mt,Mb, gY (kew))
<latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit>

unique set

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027
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Top mass, bottom mass and Abelian gauge coupling from asymptotic safety

�gY =
g3Y
16⇡2

41

6
�GgY f(⇤)�fg gY

<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

Abelian hypercharge:

Top & bottom Yukawa:

�yt/b
=

3

16⇡2
y3t/b � fy yt/b �#t/bgY y2t/b

<latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit>

�
3yt/b
16⇡2

⇣
1/36 + Y 2

t/b

⌘
g2Y

<latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

yt,b
<latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit>

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

mass difference for charged quarks  
from quantum gravity

Mb ⌧ Mt
<latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit>

QG induces finite fixed-point values for 

Proposed mechanism to explain

! gY ⇤ > 0
<latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit>

unequal hypercharge of top, bottom: 
unequal fixed-point values

! yt,b ⇤ > 0
<latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit>

at finite         , they differgY ⇤
<latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit>

fixed-point relation: y2t ⇤ � y2b ⇤ =
1

3
g2Y ⇤

<latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit>

! (Mt,Mb, gY (kew))
<latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit>

unique set

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027
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6
�GgY f(⇤)�fg gY

<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

Abelian hypercharge:

Top & bottom Yukawa:

�yt/b
=

3

16⇡2
y3t/b � fy yt/b �#t/bgY y2t/b

<latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit>

�
3yt/b
16⇡2

⇣
1/36 + Y 2

t/b

⌘
g2Y

<latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

yt,b
<latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit>

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

mass difference for charged quarks  
from quantum gravity

Mb ⌧ Mt
<latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit>

QG induces finite fixed-point values for 

Proposed mechanism to explain
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! gY ⇤ > 0
<latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit><latexit sha1_base64="6VFVyUg8P/UtpdKQ7U/Zx/GchqY=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED1JSEdSLFL14rGBspQlhs92kSzcf7E6UEgpe/CtePKh49Vd489+4bXPQ1gcDj/dmmJnnp4IrsKxvozQ3v7C4VF6urKyurW+Ym1u3KskkZTZNRCLbPlFM8JjZwEGwdioZiXzBWn7/cuS37plUPIlvYJAyNyJhzANOCWjJM3ccycMeECmTBxx6+Z1ziB2iYHhueWbVqllj4FlSL0gVFWh65pfTTWgWsRioIEp16lYKbk4kcCrYsOJkiqWE9knIOprGJGLKzcc/DPG+Vro4SKSuGPBY/T2Rk0ipQeTrzohAT017I/E/r5NBcOrmPE4zYDGdLAoygSHBo0Bwl0tGQQw0IVRyfSumPSIJBR1bRYdQn355lthHtbOadX1cbVwUaZTRLtpDB6iOTlADXaEmshFFj+gZvaI348l4Md6Nj0lryShmttEfGJ8/sX2XGA==</latexit>

unequal hypercharge of top, bottom: 
unequal fixed-point values

! yt,b ⇤ > 0
<latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit>

at finite         , they differgY ⇤
<latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit>

fixed-point relation: y2t ⇤ � y2b ⇤ =
1

3
g2Y ⇤

<latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit>

! (Mt,Mb, gY (kew))
<latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit>

unique set

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027


Top mass, bottom mass and Abelian gauge coupling from asymptotic safety
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�GgY f(⇤)�fg gY

<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

Abelian hypercharge:

Top & bottom Yukawa:

�yt/b
=

3

16⇡2
y3t/b � fy yt/b �#t/bgY y2t/b

<latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit><latexit sha1_base64="1TYyFET3ky/dTeXczgYEjrx9zEU="></latexit>

�
3yt/b
16⇡2

⇣
1/36 + Y 2

t/b

⌘
g2Y

<latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit><latexit sha1_base64="Zv2alI7ERImRlrKg2s0w+opAaNQ="></latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

yt,b
<latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit><latexit sha1_base64="6/NG0PU6stouWnkHbAG4q4mxDWY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3WzC7kQooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3U791hPXRiTqAccpD2I6UCISjKKVWuNejmfhpFetuXV3BrJMvILUoECzV/3q9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns3Ak5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/8zoZRldBLlSaIVdsvijKJMGETH8nfaE5Qzm2hDIt7K2EDammDG1CFRuCt/jyMvHP69d19/6i1rgp0ijDERzDKXhwCQ24gyb4wGAEz/AKb07qvDjvzse8teQUM4fwB87nD8i6j2U=</latexit>

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

mass difference for charged quarks  
from quantum gravity

Mb ⌧ Mt
<latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit><latexit sha1_base64="/AHU34jjld4X/xPm5W9QihS0moE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL14KFYwttiFstpt26WYTdidCKf0XXjyoePXnePPfuP04aOuDgcd7M8zMizIpDLrut1NYWV1b3yhulra2d3b3yvsHDybNNeM+S2WqWxE1XArFfRQoeSvTnCaR5M1ocDPxm09cG5GqexxmPEhoT4lYMIpWeqyHUUdKUg8xLFfcqjsFWSbenFRgjkZY/up0U5YnXCGT1Ji252YYjKhGwSQflzq54RllA9rjbUsVTbgJRtOLx+TEKl0Sp9qWQjJVf0+MaGLMMIlsZ0Kxbxa9ifif184xvgxGQmU5csVmi+JcEkzJ5H3SFZozlENLKNPC3kpYn2rK0IZUsiF4iy8vE/+selV1784rtet5GkU4gmM4BQ8uoAa30AAfGCh4hld4c4zz4rw7H7PWgjOfOYQ/cD5/AEiwkDM=</latexit>

QG induces finite fixed-point values for 

Proposed mechanism to explain
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unequal hypercharge of top, bottom: 
unequal fixed-point values

! yt,b ⇤ > 0
<latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit><latexit sha1_base64="5dmsy/KM+KM+Dy3nBBTb11IBi3A=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCh1JSEdSLFL14rGBsoQlhs920Szcf7E6UEHry4l/x4kHFq//Bm//GbZuDtj4YeLw3w8w8PxFcgWV9G6WFxaXllfJqZW19Y3PL3N65U3EqKbNpLGLZ8YligkfMBg6CdRLJSOgL1vaHV2O/fc+k4nF0C1nC3JD0Ix5wSkBLnrnvSN4fAJEyfsCZl0MN+04NO0TB6MLyzKpVtybA86RRkCoq0PLML6cX0zRkEVBBlOo2rATcnEjgVLBRxUkVSwgdkj7rahqRkCk3n7wxwoda6eEglroiwBP190ROQqWy0NedIYGBmvXG4n9eN4XgzM15lKTAIjpdFKQCQ4zHmeAel4yCyDQhVHJ9K6YDIgkFnVxFh9CYfXme2Mf187p1c1JtXhZplNEeOkBHqIFOURNdoxayEUWP6Bm9ojfjyXgx3o2PaWvJKGZ20R8Ynz+JLpgR</latexit>

at finite         , they differgY ⇤
<latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit><latexit sha1_base64="nz3K2ZqrdBCTN+5uVRUX+zsZnZ0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4kJKKoN6KXjxWMLbShLLZbtqlm03YnQgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6xRCa6HVLDpVDcQ4GSt1PNaRxK3gqHNxO/9cS1EYm6x1HKg5j2lYgEo2glv9/NH/1T4lOD426l6tbcKcgiqRekCgWa3cqX30tYFnOFTFJjOnU3xSCnGgWTfFz2M8NTyoa0zzuWKhpzE+TTm8fk2Co9EiXalkIyVX9P5DQ2ZhSHtjOmODDz3kT8z+tkGF0GuVBphlyx2aIokwQTMgmA9ITmDOXIEsq0sLcSNqCaMrQxlW0I9fmXF4l3VruquXfn1cZ1kUYJDuEITqAOF9CAW2iCBwxSeIZXeHMy58V5dz5mrUtOMXMAf+B8/gDufZEo</latexit>

fixed-point relation: y2t ⇤ � y2b ⇤ =
1

3
g2Y ⇤

<latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit><latexit sha1_base64="SOOZ27LBPTwMFoVDPe0DzNFlNeI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4qGWmCtaFUHTjsoK1lU4dMmmmDc08SO4IZZhfceOvuHGhojv9GtN2EK0eCJx7zr3c3ONGgiswzQ8jNze/sLiUXy6srK6tbxQ3t65VGEvKmjQUoWy7RDHBA9YEDoK1I8mI7wrWcofnY791x6TiYXAFo4h1fdIPuMcpAS05xRoeOQnYZZsoSG+rB7pyvyt8im1PEppYaXKY9p3kxi7jzHOKJbNiToD/EisjJZSh4RTf7V5IY58FQAVRqmOZEXQTIoFTwdKCHSsWETokfdbRNCA+U91kcmGK97TSw14o9QsAT9SfEwnxlRr5ru70CQzUrDcW//M6MXi1bsKDKAYW0OkiLxYYQjyOC/e4ZBTESBNCJdd/xXRAdCagQy3oEKzZk/+SZrVyUjEvj0r1syyNPNpBu2gfWegY1dEFaqAmougePaJn9GI8GE/Gq/E2bc0Z2cw2+gXj8wtraKKl</latexit>

point in micr. grav. coupling space generating 
UV completion with ``retrodiction” 
of ! (Mt,Mb, gY (kew))

<latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit>

! (Mt,Mb, gY (kew))
<latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit><latexit sha1_base64="LPnYr9S4nuLr1v25GAZFyBJ9ZRc=">AAACM3ichVBdSwJBFJ21L7Mvq8dehiRQEFkjqN6kXoIQDDINd1lmx1EHZz+auZvI4o/qpR/SSwQ9VPTaf2jUfSgNOnAvh3PuZeYeNxRcgWm+GKmFxaXllfRqZm19Y3Mru71zo4JIUlangQhk0yWKCe6zOnAQrBlKRjxXsIbbPx/7jXsmFQ/8axiGzPZI1+cdTgloycleWpJ3e0CkDAbYuotI+5+erzpQxFXHLeKuc5vvO7ElPcwGo0LByebMkjkBniflhORQgpqTfbLaAY085gMVRKlW2QzBjokETgUbZaxIsZDQPumylqY+8Ziy48nRI3yglTbuBFKXD3ii/tyIiafU0HP1pEegp2a9sfiX14qgc2LH3A8jYD6dPtSJBIYAjxPEbS4ZBTHUhFDJ9V8x7RFJKOicMzqE8uzJ86R+WDotmVdHucpZkkYa7aF9lEdldIwq6ALVUB1R9ICe0Rt6Nx6NV+PD+JyOpoxkZxf9gvH1DWkAqZs=</latexit>

unique set

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027


Three observations
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[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

Is this in fact asymptotically safe gravity? 

What requirements must new physics satisfy to yield these retrodictions?

http://arxiv.org/abs/arXiv:1803.04027
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• transplanckian flow of Yukawas driven by non-Abelian flow away from AF
!

<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>
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Abelian hypercharge:

SU(2):

SU(3):

universality (= blindness to internal symmetries) of QG
test if non-universal (= non-QG) contributions do better:
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input of Planck scale is an assumption  
- maybe other scales do better?

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027


Three observations

104 109 1014 1019 1024 1029 1034 1039
0.0

0.2

0.4

0.6

0.8

1.0

1.2

RG scale k in GeV

S
M

co
up
lin
gs

1019 10100 10200 10300
10- 6

10- 4

10- 2

1

g3

g2

gY

y t

y b
2

y b

y t
2 - gY

2 ê 3

y t
2 - gY

2 ê 3

1) constant linear contributions 

2) universal contributions  

(indep. of internal symmetries) 
3) at (very roughly) Planck scale

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027


Three observations

104 109 1014 1019 1024 1029 1034 1039
0.0

0.2

0.4

0.6

0.8

1.0

1.2

RG scale k in GeV

S
M

co
up
lin
gs

1019 10100 10200 10300
10- 6

10- 4

10- 2

1

g3

g2

gY

y t

y b
2

y b

y t
2 - gY

2 ê 3

y t
2 - gY

2 ê 3

If it looks like a duck, swims like a duck, and quacks like a duck…

1) constant linear contributions 

2) universal contributions  

(indep. of internal symmetries) 
3) at (very roughly) Planck scale

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027


Three observations

104 109 1014 1019 1024 1029 1034 1039
0.0

0.2

0.4

0.6

0.8

1.0

1.2

RG scale k in GeV

S
M

co
up
lin
gs

1019 10100 10200 10300
10- 6

10- 4

10- 2

1

g3

g2

gY

y t

y b
2

y b

y t
2 - gY

2 ê 3

y t
2 - gY

2 ê 3
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probably asymptotically safe  
quantum gravity…

…effectively like dimensional reduction

1) constant linear contributions 

2) universal contributions  

(indep. of internal symmetries) 
3) at (very roughly) Planck scale
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Charges & Masses are linked?
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Can other charge assignments do better?
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Asymptotic safety  
- a new paradigm for model building at and beyond the LHC?

Mechanisms for asymptotic safety

@ Planck scale

• ``effective dimensional reduction” from QG

!
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vanishing Higgs portal coupling to 
uncharged scalar dark matter

[AE, Hamada, Lumma, Yamada Phys.Rev. D97 (2018) no.8, 086004]

unified gauge coupling calculable 
& viable breaking chains restricted 

in GUT settings
[AE, Held, Wetterich, Phys.Lett. B782 (2018) 198-201


& to appear]

Asymptotically safe BSM physics



Asymptotic safety  
- a new paradigm for model building at and beyond the LHC?

Mechanisms for asymptotic safety
below Planck scale

�↵g = (�B + C↵g)↵
2
g +O(↵4

g)
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blueprint for gauge-Yukawa models 
in d=4 dimensions: [Litim, Sannino ’14]
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• perturbative: one-loop versus  
two (higher)-loop

@ Planck scale

• ``effective dimensional reduction” from QG

vanishing Higgs portal coupling to 
uncharged scalar dark matter

[AE, Hamada, Lumma, Yamada Phys.Rev. D97 (2018) no.8, 086004]

[AE, Held, Wetterich, Phys.Lett. B782 (2018) 198-201

& to appear]

Asymptotically safe BSM physics

!
<latexit sha1_base64="cxWfgFGGW5x61BC31F0o7CjuqG0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7AekoWy2m3bpJht2J0op/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVpxptMSaU7ITVcioQ3UaDknVRzGoeSt8PR7cxvP3JthEoecJzyIKaDRESCUbSS39ViMESqtXrqlStu1Z2DrBIvJxXI0eiVv7p9xbKYJ8gkNcb33BSDCdUomOTTUjczPKVsRAfctzShMTfBZH7ylJxZpU8ipW0lSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayj62AikjRDnrDFoiiTBBWZ/U/6QnOGcmwJZVrYWwkbUk0Z2pRKNgRv+eVV0qpVvYtq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AcQJkZE=</latexit>

!
<latexit sha1_base64="cxWfgFGGW5x61BC31F0o7CjuqG0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7AekoWy2m3bpJht2J0op/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVpxptMSaU7ITVcioQ3UaDknVRzGoeSt8PR7cxvP3JthEoecJzyIKaDRESCUbSS39ViMESqtXrqlStu1Z2DrBIvJxXI0eiVv7p9xbKYJ8gkNcb33BSDCdUomOTTUjczPKVsRAfctzShMTfBZH7ylJxZpU8ipW0lSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayj62AikjRDnrDFoiiTBBWZ/U/6QnOGcmwJZVrYWwkbUk0Z2pRKNgRv+eVV0qpVvYtq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AcQJkZE=</latexit>

unified gauge coupling calculable 
& viable breaking chains restricted 

in GUT settings



Asymptotic safety  
- a new paradigm for model building at and beyond the LHC?

Mechanisms for asymptotic safety
below Planck scale

• perturbative: one-loop versus  
two (higher)-loop

�↵g = (�B + C↵g)↵
2
g +O(↵4

g)
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blueprint for gauge-Yukawa models 
in d=4 dimensions: [Litim, Sannino ’14]

• competing degrees of freedom

�� = �(bosonic) � �(fermionic)

<latexit sha1_base64="7dYcLB/XEjkdjd8bG8PIl9fcOqU=">AAACLHicbVDLSgMxFM3Ud32NunQTLIIuLFMR1IUg6sJlBWsLnVoy6R0bmseQZIQyzA+58VdEcFHFrd9hWmfh60DgcM493NwTJZwZGwQjrzQ1PTM7N79QXlxaXln119ZvjEo1hQZVXOlWRAxwJqFhmeXQSjQQEXFoRoPzsd+8B22Yktd2mEBHkDvJYkaJdVLXvwgjsKSbhdxleiQ/wRPhNtvJQi1wpIySjOa7Od776cSgBSu8rl8JqsEE+C+pFaSCCtS7/nPYUzQVIC3lxJh2LUhsJyPaMsohL4epgYTQAbmDtqOSCDCdbHJtjred0sOx0u5Jiyfq90RGhDFDEblJQWzf/PbG4n9eO7XxUSdjMkktSPq1KE45tgqPq8M9poFaPnSEUM3cXzHtE02odQWXXQm13yf/JY396nE1uDqonJ4VbcyjTbSFdlANHaJTdInqqIEoekBPaIRevUfvxXvz3r9GS16R2UA/4H18Ao2wqIk=</latexit><latexit sha1_base64="7dYcLB/XEjkdjd8bG8PIl9fcOqU=">AAACLHicbVDLSgMxFM3Ud32NunQTLIIuLFMR1IUg6sJlBWsLnVoy6R0bmseQZIQyzA+58VdEcFHFrd9hWmfh60DgcM493NwTJZwZGwQjrzQ1PTM7N79QXlxaXln119ZvjEo1hQZVXOlWRAxwJqFhmeXQSjQQEXFoRoPzsd+8B22Yktd2mEBHkDvJYkaJdVLXvwgjsKSbhdxleiQ/wRPhNtvJQi1wpIySjOa7Od776cSgBSu8rl8JqsEE+C+pFaSCCtS7/nPYUzQVIC3lxJh2LUhsJyPaMsohL4epgYTQAbmDtqOSCDCdbHJtjred0sOx0u5Jiyfq90RGhDFDEblJQWzf/PbG4n9eO7XxUSdjMkktSPq1KE45tgqPq8M9poFaPnSEUM3cXzHtE02odQWXXQm13yf/JY396nE1uDqonJ4VbcyjTbSFdlANHaJTdInqqIEoekBPaIRevUfvxXvz3r9GS16R2UA/4H18Ao2wqIk=</latexit><latexit sha1_base64="7dYcLB/XEjkdjd8bG8PIl9fcOqU=">AAACLHicbVDLSgMxFM3Ud32NunQTLIIuLFMR1IUg6sJlBWsLnVoy6R0bmseQZIQyzA+58VdEcFHFrd9hWmfh60DgcM493NwTJZwZGwQjrzQ1PTM7N79QXlxaXln119ZvjEo1hQZVXOlWRAxwJqFhmeXQSjQQEXFoRoPzsd+8B22Yktd2mEBHkDvJYkaJdVLXvwgjsKSbhdxleiQ/wRPhNtvJQi1wpIySjOa7Od776cSgBSu8rl8JqsEE+C+pFaSCCtS7/nPYUzQVIC3lxJh2LUhsJyPaMsohL4epgYTQAbmDtqOSCDCdbHJtjred0sOx0u5Jiyfq90RGhDFDEblJQWzf/PbG4n9eO7XxUSdjMkktSPq1KE45tgqPq8M9poFaPnSEUM3cXzHtE02odQWXXQm13yf/JY396nE1uDqonJ4VbcyjTbSFdlANHaJTdInqqIEoekBPaIRevUfvxXvz3r9GS16R2UA/4H18Ao2wqIk=</latexit>

first tentative hints in fermionic Higgs portal
[AE, Held, Vander Griend HEP 1808 (2018) 147]

analysis of Higgs stability:
[Held, Sondenheimer arXiv:1811.07898 ]

@ Planck scale

• ``effective dimensional reduction” from QG

vanishing Higgs portal coupling to 
uncharged scalar dark matter

[AE, Hamada, Lumma, Yamada Phys.Rev. D97 (2018) no.8, 086004]

[AE, Held, Wetterich, Phys.Lett. B782 (2018) 198-201

& to appear]

Asymptotically safe BSM physics
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unified gauge coupling calculable 
& viable breaking chains restricted 

in GUT settings

http://arxiv.org/abs/arXiv:1811.07898


…in a nutshell
• asymptotic safety = UV completion for QFTs 

through scale-invariant fixed-point regime

• compelling indications for fixed point in pure gravity 
 (open questions: Lorentzian, background-independent, unitary?)



…in a nutshell

• hints that asymptotically safe gravity could:   
- induce UV completion for Standard Model 
- increase predictivity 
- become subject to observational consistency tests

Example:  
Different masses of top and bottom  
generated from different charges  
through fixed-point structure
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• compelling indications for fixed point in pure gravity 
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• compelling indications for fixed point in pure gravity 
 (open questions: Lorentzian, background-independent, unitary?)

• Beyond QG setting, asymptotic safety as paradigm for BSM model building 
- generated by competition between degrees of freedom 
- generated by one-loop versus two (higher)-loop cancellations



…in a nutshell

• hints that asymptotically safe gravity could:   
- induce UV completion for Standard Model 
- increase predictivity 
- become subject to observational consistency tests

• asymptotic safety = UV completion for QFTs 
through scale-invariant fixed-point regime

• compelling indications for fixed point in pure gravity 
 (open questions: Lorentzian, background-independent, unitary?)

Asymptotically, particle physics might be safe - stay tuned…!

Thank you for your attention.

• Beyond QG setting, asymptotic safety as paradigm for BSM model building 
- generated by competition between degrees of freedom 
- generated by one-loop versus two (higher)-loop cancellations



Switch gears: add gravitational fixed-point values from truncated flows 
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observational consistency constraint  
on microscopic grav. coupling space

(Einstein-Hilbert truncation)

[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027
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observational consistency constraint  
on microscopic grav. coupling space

(Einstein-Hilbert truncation)

fixed-point values for 
depend on matter content:  

“backreaction matters”
[Dona, AE, Percacci ’13]
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observational consistency constraint  
on microscopic grav. coupling space

(Einstein-Hilbert truncation)

fixed-point values for 
depend on matter content:  

“backreaction matters”
[Dona, AE, Percacci ’13]
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[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]

http://arxiv.org/abs/arXiv:1803.04027
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observational consistency constraint  
on microscopic grav. coupling space

(Einstein-Hilbert truncation)

fixed-point values for 
depend on matter content:  

“backreaction matters”
[Dona, AE, Percacci ’13] (Einstein-Hilbert truncation)

G, ⇤
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[AE, Held 1803.04027 , Phys.Rev.Lett. 121 (2018) no.15, 151302]
Switch gears: add gravitational fixed-point values from truncated flows 

http://arxiv.org/abs/arXiv:1803.04027
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observational consistency constraint  
on microscopic grav. coupling space

fixed-point values for 
depend on matter content:  

“backreaction matters”
[Dona, AE, Percacci ’13] (Einstein-Hilbert truncation)

G, ⇤
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Switch gears: add gravitational fixed-point values from truncated flows 
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[AE, Held, arXiv:1707.01107 , Phys.Lett. B777 (2018) 217-221]

http://arxiv.org/abs/arXiv:1707.01107
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observational consistency constraint  
on microscopic grav. coupling space

Switch gears: add gravitational fixed-point values from truncated flows 

10 1011 1021 1031 1041 1051
-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

RG scale k in GeV

SM
an
d
gr
av
ity
co
up
lin
gs

λ4

g1

g2

yb

yt

1

4
GN

10-2Λ

g3

1018 1019 1020 1021
-0.2

0.0

0.2

0.4

0.6

0.8

RG scale k in GeV

SM
an
d
gr
av
ity
co
up
lin
gs

λ4

g1
g2

yb

yt

1

4
GN

10-2Λ

g3

• yb AF 
• gy AF 
• yt AS (predicted)

1 1010 1020 1030 1040
0.2

0.4

0.6

0.8

1.0

1.2

1.4

RG scale k in GeV

g y
(k
)

predictive trajectory

free trajectories

UV unsafe trajectories

Mt ⇡ 170GeV
<latexit sha1_base64="46c8OhhqTZ2uRnv/GyI6TnBtsHg=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARXEhJRKjuii50I1QwbaEJYTKdtENnJmFmIpZQN/6KGxcqbv0Md/6N08dCWw9cOJxzL/feE6WMKu0431ZhYXFpeaW4Wlpb39jcsrd3GirJJCYeTlgiWxFShFFBPE01I61UEsQjRppR/3LkN++JVDQRd3qQkoCjrqAxxUgbKbT3bkLtozSVyQN0q45/DH3J4RVphHbZqThjwHniTkkZTFEP7S+/k+CME6ExQ0q1XSfVQY6kppiRYcnPFEkR7qMuaRsqECcqyMcfDOGhUTowTqQpoeFY/T2RI67UgEemkyPdU7PeSPzPa2c6PgtyKtJME4Eni+KMQZ3AURywQyXBmg0MQVhScyvEPSQR1ia0kgnBnX15nngnlfOKc3tarl1M0yiCfXAAjoALqqAGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YE1ndsEfWJ8/nlaVQQ==</latexit><latexit sha1_base64="46c8OhhqTZ2uRnv/GyI6TnBtsHg=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARXEhJRKjuii50I1QwbaEJYTKdtENnJmFmIpZQN/6KGxcqbv0Md/6N08dCWw9cOJxzL/feE6WMKu0431ZhYXFpeaW4Wlpb39jcsrd3GirJJCYeTlgiWxFShFFBPE01I61UEsQjRppR/3LkN++JVDQRd3qQkoCjrqAxxUgbKbT3bkLtozSVyQN0q45/DH3J4RVphHbZqThjwHniTkkZTFEP7S+/k+CME6ExQ0q1XSfVQY6kppiRYcnPFEkR7qMuaRsqECcqyMcfDOGhUTowTqQpoeFY/T2RI67UgEemkyPdU7PeSPzPa2c6PgtyKtJME4Eni+KMQZ3AURywQyXBmg0MQVhScyvEPSQR1ia0kgnBnX15nngnlfOKc3tarl1M0yiCfXAAjoALqqAGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YE1ndsEfWJ8/nlaVQQ==</latexit><latexit sha1_base64="46c8OhhqTZ2uRnv/GyI6TnBtsHg=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARXEhJRKjuii50I1QwbaEJYTKdtENnJmFmIpZQN/6KGxcqbv0Md/6N08dCWw9cOJxzL/feE6WMKu0431ZhYXFpeaW4Wlpb39jcsrd3GirJJCYeTlgiWxFShFFBPE01I61UEsQjRppR/3LkN++JVDQRd3qQkoCjrqAxxUgbKbT3bkLtozSVyQN0q45/DH3J4RVphHbZqThjwHniTkkZTFEP7S+/k+CME6ExQ0q1XSfVQY6kppiRYcnPFEkR7qMuaRsqECcqyMcfDOGhUTowTqQpoeFY/T2RI67UgEemkyPdU7PeSPzPa2c6PgtyKtJME4Eni+KMQZ3AURywQyXBmg0MQVhScyvEPSQR1ia0kgnBnX15nngnlfOKc3tarl1M0yiCfXAAjoALqqAGrkEdeACDR/AMXsGb9WS9WO/Wx6S1YE1ndsEfWJ8/nlaVQQ==</latexit>

[AE, Held, arXiv:1707.01107 , Phys.Lett. B777 (2018) 217-221]

estimate of systematic error: 
3 retrodictions are roughly 1.5 δ away
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successfully used in Quantum Chromodynamics, BEC-BCS-crossover,

strongly-correlated fermions in condensed matter, 

Wilson-Fisher universality classes & beyond, …..

=

exact one-loop equation

(infinite) tower of coupled equations �gi

• truncate to (finite) set of equations

• search for fixed point solutions

• enlarge truncation

• convergent results?
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example: Ising universality class

⌫ = 0.62999(5) conformal bootstrap
⌫ = 0.63002(10) MC [Hasenbusch ’10]

[Showk et al. ’14]

FRG: LPA
⌫ = 0.6307 O(@2) [Canet, Delamotte, Mouhanna, Vidal ‘03]FRG: 
⌫ = 0.643 [Berges, Tetradis, Wetterich ‘00]

scaling exponent of the correlation length: ⇠ ⇠ |T � Tc|�⌫

Functional Renormalisation Group
successfully used in Quantum Chromodynamics, BEC-BCS-crossover,

strongly-correlated fermions in condensed matter, 

Wilson-Fisher universality classes & beyond, …..


