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Plan
• Quantum scaling 

• Gauge invariant flow equation 

• Quantum gravity effects on Higgs scalar 
potential
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Quantum Scaling
• Due to graviton fluctuation, a large anomalous 
dimension could be induced above the Planck scale. 

• Energy Scalings deviate from canonical ones.  

• Critical exponent (effective dimension) of a scalar 
mass term
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Resurgence mechanism

RG flow of scalar mass
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“Classical” scale invariance

C. Wetterich, MY, Phys.Lett. B770 (2017) 268-271
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Gauge invariant flow equation
• The gauge invariant flow equation 

•      : Physical fluctuations 

•      : a universal measure contribution 

• See “C. Wetterich Nucl.Phys. B931 (2018) 
262-282” for his derivations.
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In background formalism
• The metric 

• The metric fluctuation
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Physical metric fluctuation Gauge metric fluctuation

Clear relations with the Bardeen potentials.
C.Wetterich, Phys.Rev. D95 (2017) no.12, 123525



In background formalism
• Einstein-Hilbert truncation + scalar theory 

• Evaluate the Hessians for 
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Hessian for spin 0 modes
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Each contribution
• Hessians                              RG flow
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Physical contributions

Spin 2 (graviton)

Spin 0

Spin 1

Spin 0 Gauge and ghost contributions



RG flow
• To summarise…
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Two graviton helicities＋scalar (φ)

TT mode σ and φ modes



Note
• York decomposition 

• The gauge choice  

• The trace mode does not satisfy the 
transverse condition.
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TT mode Trace mode
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RG flow  
for effective scalar potential
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graviton
Spin0  

physical mode

Measure contribution

SO(N) scalar and free particles

SO(N) scalar modes

(6)



Critical exponent
• The effective potential 

• Stability matrix at a Gaussian-matter FP
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Anomalous dimension



Fixed point of v0*
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(Graviton approximation)



Critical exponents
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Cosmological constant

Scalar mass

Quartic coupling



N vs. Mp
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Summary
• Asymptotically safe gravity induces large 
anomalous dimension. 

• Scaling of Higgs scalar potential above the 
Planck scale is changed from canonical 
scaling. 

• Phase diagram on (N, Mp)-plane.
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