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Motivation



Asymptotic behaviours
                                                                                                

                                                                                                                         

                                                                                                                         fixed point g* in the RG flow  

                                                                                                                                                 

                                 

● AS originally advocated by Weinberg to improve the UV behavior of GN

● Advocated in QFT as solution to U(1)Y triviality problem



Fixed point and critical surface
    ᵝa = -a(a*-a)                                                                                        ᵝa =a(a*-a)                                           
irrelevant directions = predictions                                                                                                       relevant directions = free parameters

         

                                                                                            

                                                                                                from Wikipedia

    

girrelevant=girrel(grel,grel)                                            

UV attractiveIR repulsiveIR attractive UV repulsive

Span the UV 
critical surface

can only deviate 
from the FP along 
the critical surface

… can be 
uniquely 
fixed

once 
determined 
by the 
experiment



Asymptotic safety in quantum gravity



Asymptotic safety in QG with matter



Asymptotic safety in QG with matter
Gravity affects matter:

matter & gravity fluctuations compete

strong gravity: asymptotically freedom

strong matter: UV unsafe

balance: UV safe & interacting 

       

                                                                   A.Eichhorn, F. Versteegen (PLB ‘18, 1709.07252)



Asymptotic safety in QG with matter



Asymptotic safety in QG with matter: example

                                                        

                                                     

                                               

                                                           

  

                                                                 



Assumptions of the fixed point analysis:

• 1-loop RGEs;

• Planck scale set at MPl = 10^19 GeV;

• Gravity parameters f are constant;

• Gravity decouples instantaneously.

How robust the predictions derived in this way?
What extent dropping any of the approximations may affect  to test these 
predictions at the low scale?

Robustness of the asymptotic safety predictions



How robust the predictions derived in this way?
What extent dropping any of the approximations may affect  to test these predictions 
at the low scale?
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1. The inclusion of higher-order corrections in the matter sector
2. Changing the position of the Planck scale by a few orders of magnitude
3. The non-trivial functional dependence of the running gravitational couplings, 

fg,y(t), resulting in the non-instantaneous decoupling of the trans-Planckian UV 
completion
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Models
Gauged B-L [JHEP 02 (2016) 135]

● SU(3)xSU(2)xU(1)xU(1)B-L

● Right-handed neutrinos and complex scalar field S
● The Yukawa part is extended by

● The abelian gauge part

● From                                    and 

●

Leptoquark S3 [Phys. Rev. D 43, 225]

● SM + S(3,3,1/3)
● The Yukawa interaction of S3   with SM fermions

● f
● k
●



Estimation of uncertainties



1. Impact of higher-order corrections
Gauge couplings                                                            The uncertainty (retain 2-loop corrections)

● RGEs in the B-L model:
●

                                                                                      In the B-L model: 

                                                                                               

● Generic n-loop contribution

ᵅl1…ln-1  loop coefficients; cl - the gauge and Yukawa couplings

● d

●



Yukawa couplings

● Yukawa coupling RGEs of a generic SM+NP theory

yr(j)=1,2… the set of Yukawa couplings; gl(k) the gauge couplings

● The genetic multiplicative n-loop contribution

● The generic additive n-loop piece

n-loop coefficients          all gauge, Yukawa, quartic couplings

● The 2-loop correction

rational functions

shift







2. Dependence on the position of the Planck scale
Gauge couplings
     
                                                                        moving the Planck scale back and forth does not affect the predicted ratios

Yukawa couplings                                                

                                                                        does affect the predicted ratios

does not affect the predicted ratios

     The percent uncertainty         

The percent uncertainty  on the Yukawa-coupling ratios propagates (neglecting 2-loop contribution)                                                                    







3. Scale-dependence of the gravitational correction
Gauge couplings                                                     
                                                                              
  B-L model:

exact RG invariants

Apply total derivative to 1st eq and focus on a sequence of infinitesimal scale intervals 

                                                                          

Slope functions:



3. Scale-dependence of the gravitational correction
Gauge couplings                                                     
                                                                              
  B-L model:

exact RG invariants

Apply total derivative to 1st eq and focus on a sequence of infinitesimal scale intervals 

                                                                          



n=1:                           and                                                                                                      boundary conditions

                                                                              
          the predictions of AS for the gauge couplings do not depend

          on the particular functional form of the gravitational contribution fg(t)



Yukawa couplings  

The ratio of two irrelevant Yukawa couplings         does not depend on fy

                                                                                                                                                                                for the Yukawa couplings the t-dependence of fg and fy can impact the running of the y2/y1 at 1loop

where                                                                                                                                                                                                                 

 Repeating the infinitesimal-step analysis

                                                                                                                                                 

one finds, that                           , so that                                         . However, even at 1 loop,

               



Yukawa couplings  

The ratio of two irrelevant Yukawa couplings         does not depend on fy

                                                                                                                                                                                          for the Yukawa couplings the t-dependence of fg and fy can impact the running of the y2/y1 at 1loop

where                                                                                                                                                                                                                 

 Repeating the infinitesimal-step analysis

                                                                                                                                                 

one finds, that                           , so that                                         . However, even at 1 loop,

                                                                                                                                                  y2 (t)/y1(t) remains fairly stable

               



 Conclusions 
● Authors have investigated the issue of the theoretical uncertainties associated with predictions for irrelevant 

Lagrangian couplings emerging from trans-Planckian AS;

● In the gauge sector the uncertainty induced by relaxing any of the simplifying assumptions never exceeds 
the 1% level;

● For the Yukawa sector: if the predicted Yukawa couplings are of comparable size to the irrelevant gauge 
couplings, the uncertainties remain at bay, not exceeding ∼ 10% at the fixed point if higher-order corrections 
are included, or if the Planck scale is moved to, e.g., 10^16 GeV.

● Potentially more dangerous uncertainties could stem from considering the non-trivial scale dependence of 
the gravitational contributions to the matter beta functions (fg(t), fy(t)), as in this case we lose the ability of 
determining the actual value of the Yukawa couplings at the fixed point. However, in the range of variability 
of the gravitation parameters that can be realistically expected in the framework of the FRG, the resulting 
uncertainty is moderate.


