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No Scale Gravity

Mukaida, Hong, Yanagida (2025)

L= f (phi)*2 R + (del phi)*2 -k(phi)"4 + L_{SM}
L_{SM} = (phi)*2 [H|"2 + (phi) NN +-:+--

NO Mass parameters !
-> Scale Invariant Theory

Cut-Off =f’(phi)



Wyel transformation;
g E=0"2g, 0"2=f(phi)*2/(M_P)"2

L_E=M_P"2 R_E +(del chi)"2 -k(M_P)"4
+ 0™-4}L_{SM}

The Einstein Gravity + a dilaton chi + CC + SM
scale transformation= a shift symmetry of the chi
chi= chi + constant



But we have a singularity at phi=0 point

We remove phi=0 point. It is possible since phi=0 is
a fixed point of the scale transformation

However, we have a disconnected phi space;
phi<0 region + phi>0 region

We impose Z_2n symmetry to identify them

The physical region is phi>0 region.



Z 4 symmetry with phi(+2)

phi NN is allowed

Here, we assume N(+1)

The right-handed neutrino N gets a large
Majorana mass



However, the Z_4 has gauge anomalies

We can cancel the anomalies introducing the
standard quarks and leptons!!!

Then, we have three sets of fermions:

T(1), F(1) and N(1)

We have naturally the seesaw mechanism and the
leptogenesis Hell, Pereira, Yanagida (1926)

A little extension gives a high-quality QCD axion !l



0(3) Extension
Pereria, Hong, Ferreria, Yanagida (2026)

Introduce three phi_i (i=1-3) and assume O(3). The
radial component = the original phi. Then we have
two angle freedoms. All are massless. We then
iIntroduce explicit breaking :

0(3)->0(2) ->R 4

Then we have two massive bosons which are
identified with the Fuzzy DM and the DE axion.
Surprisingly, we have a parameter region where the
DE behaves effectively like a phantom w<-1.
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