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Newton Constant

• Only the ratio matters

• Redundancy (or Symmetry?)

e.g., Newton’s gravityPhysical quantity
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Field Dependent Newton Constant

• Detour: Brans—Dicke Gravity
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Fifth Force Constraints on Matter Coupling
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e.g., Higgs mass

Fifth Force Constraints on Matter Coupling

• Detour: Brans—Dicke Gravity

- Long-range force from shift coupling (= global Weyl coupling)
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• Classical scale invariance

 ℒBD, J =
1
2

ξϕ2R +
1
2

gμν∂μϕ∂νϕ −
1
4

λccϕ4 +ℒmat m∙→λm∙ϕ

Scale Invariance + Brans−Dicke Gravity

- All mass parameters ( ) of  replaced with m∙ ℒmat ϕ

Higgs mass

m2
H, J H

2 λ2
mH

ϕ2 H
2

Majorana RHN mass

Mi N̄i Ni

nΦ = 2 × 1 2 × 1

λM ϕ N̄i Ni

nΦ = 1 2 × 3/2

Global Weyl symmetry

 for all Φ ↦ ωnΦ Φ Φ

[e.g., Strumia+ 2015]



• Classical scale invariance

 ℒBD, J =
1
2

ξϕ2R +
1
2

gμν∂μϕ∂νϕ −
1
4

λccϕ4 +ℒmat m∙→λm∙ϕ

Scale Invariance + Brans−Dicke Gravity

- All mass parameters ( ) of  replaced with m∙ ℒmat ϕ

Higgs mass

m2
H, J H

2 λ2
mH

ϕ2 H
2

Majorana RHN mass

Mi N̄i Ni

nΦ = 2 × 1 2 × 1

λ2
mH

ξ−1M2
* HE

2

λM ϕ N̄i Ni

nΦ = 1 2 × 3/2

λMξ− 1
2 M* N̄Ei NEi

Global Weyl symmetry

 for all Φ ↦ ωnΦ Φ Φ

E-frame
* ϕ/Ω = ξ−1/2M*

E-frame
* ϕ/Ω = ξ−1/2M*

[e.g., Strumia+ 2015]



• Classical scale invariance

Scale Invariance + Brans−Dicke Gravity

Dilaton:  + CC:  + Matterχ λcc/(4ξ)

 ℒBD, J =
1
2

ξϕ2R +
1
2

gμν∂μϕ∂νϕ −
1
4

λccϕ4 +ℒmat m∙→λm∙ϕ

 ℒBD, E =
1
2

M2
* RE +

1
2

gμν
E ∂μχ∂ν χ −

λcc

4ξ
M4

* +ℒmat m∙→λm∙ξ−1/2M*

Shift symmetry

χ ↦ χ + const .

Global Weyl symmetry

 for all Φ ↦ ωnΦ Φ Φ

Einstein frame    excl. gμν = Ω−2gE
μν, Ω2 =

ξϕ2

M2
*

= e
2
3

6ξ
6ξ + 1

χ
M* ϕ = 0

[e.g., Strumia+ 2015]



• Quantum scale invariance?

Scale Invariance + Brans−Dicke Gravity

 ℒBD, J =
1
2

ξϕ2R +
1
2

gμν∂μϕ∂νϕ −
1
4

λccϕ4 +ℒmat m∙→λm∙ϕ

Dilaton:  + CC:  + Matterχ λcc/(4ξ)

Global Weyl symmetry

 for all Φ ↦ ωnΦ Φ Φ

Shift symmetry

χ ↦ χ + const .
 ℒBD, E =

1
2

M2
* RE +

1
2

gμν
E ∂μχ∂ν χ −

λcc

4ξ
M4

* +ℒmat m∙→λm∙ξ−1/2M*

Einstein frame    excl. gμν = Ω−2gE
μν, Ω2 =

ξϕ2

M2
*

= e
2
3

6ξ
6ξ + 1

χ
M* ϕ = 0



• Quantum scale invariance?
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• Quantum scale invariance
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• Cosmological implications

No-scale Brans−Dicke Gravity

- No-scale BD gravity + SM + RHN
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Stabilize EW vacuum: −0.1 ≳ ξH ≳ − 1.7

• Cosmological implications — Inflation

No-scale Brans−Dicke Gravity
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Unless we introduce a non-minimal coupling between the Higgs field and the Ricci curvature, this value
is a generic prediction of this setup. The corresponding 𝐿-folding number of inflation is

𝑀𝐿 = 55.7 + 1
3
ln
(

𝑁R

5 → 109GeV

)
+ 1
4
lnω, (3.27)

where 𝑁R is the reheating temperature and ω is the diluting factor which will be introduced later. We take
the pivot scale as 𝑂 𝑀/𝑃0 = 0.002Mpc↑1. This is depicted in Fig. 2. Here we allow a certain amount of
matter domination after reheating, which is indeed a necessary ingredient to match the observation as
we see in Sec. 3.2.
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Figure 2: Predictions of tensor-to-scalar ratio 𝑄 and spectral index 𝑅𝑁 of the inflation model (3.12) with ε0 ↓ 1 + 1/(6𝑆). Along
the green line and the dashed black line, 𝑆 is taken from 1 → 10↑5, which is the Starobinsky model limit, to 0.05, which is out of
the figures above. The blue contours are constraints from Planck [22] , and the yellow contours are that from BICEP/Keck [25].
(Left) E-fold numbers are taken as borderlines of possible value for the scenario in Sec. 3. The reheating temperature is fixed as
𝑁R = 5→ 109 GeV, and ω is taken as 0.02 and 0.4 for the corresponding e-fold number 54.7 and 55.5, respectively. The values of
ω between 0.02 and 0.4 satisfy the restrictions from baryon-to-entropy ratio and that from ω𝑀e! . The bottom panel is a zoomed
up version of the predictions in the top panel, and a set of points corresponding to 𝑆 = 10↑4, 0.001, 0.002, 0.003, 0.005 are
explicitly shown, which is the same for the right panels. (Right) E-fold numbers are taken as borderlines of possible value for the
scenario in Sec. 4. ω = 1, and 𝑆𝑂 is taken as ↑1.7 and ↑0.41 for the corresponding e-fold number 56.4 and 55.8, respectively.
The corresponding temperature is calculated using (4.17). The values of 𝑆𝑂 between ↑1.7 and ↑0.41 satisfy the restrictions from
the stability of the electroweak vacuum and that from ω𝑀e! .

3.2 Dark radiation problem and its solution

Immediately after the production, the Higgs pairs interact with other SM massless particles and make the
SM thermal bath of the temperature 𝑁R ↔ 109 GeV. On the other hand, the 𝑇 can only interact with the

9

No-scale Brans−Dicke Gravity

ξ

[Hong, KM, Yanagida ’25]



• Cosmological implications — Inflation, Reheating & DM

No-scale Brans−Dicke Gravity
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*Stability of DM → mν1
≃ 0

[Hong, KM, Yanagida ’25]



• Cosmological implications — Inflation, Reheating & DM, Leptogenesis

No-scale Brans−Dicke Gravity

- Stability of EW vacuum & Leptogenesis

ℒBD, J ⊃ αR2 +
ξϕ2 + 2ξH |H |2

2
R +

1
2 (∂ϕ)2 + |∂H |2 −

1
2

λMϕ N̄i Ni + ⋯

Inflaton to Higgs

Γσ→HH† ≃ (6ξH + 1)2 m3
σ

48πM2
Pl

Stabilize EW vacuum 
−0.1 ≳ ξH ≳ − 1.7

Thermal Leptogenesis via  & N2 N3

nB

s
≃ 10−10 ( κ

0.1 ) ( M2

1010GeV ) ( mν3

0.05eV ) δeff

*Inverted-Hierarchy → δeff ⩽
Δm2

sol

2Δm2
atm

≃ 0.015

→ resonant, non-thermal LG,…

TR ≃ 3 × 1010GeV ξH +
1
6

Reheating temperature

[Hong, KM, Yanagida ’25]



Summary

• Newton constant may depend on field (BD gravity) 

• Long-range fifth force is absent w/ scale symmetry 

• Scale symmetry (J) = Shift symmetry (E) 

• No-scale BD gravity = Quantum scale invariance + gravity 

• SM + RHN based on no-scale BD gravity is presented


