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Lagrangian of Universe

ℒuniverse = g [κR + ΛCC + ℒSM + Δℒ]

http://hepcosmo.yonsei.ac.kr

new physics

Team suit of Yonsei-HEP-COSMO group

Dark energy

Gravity

Standard Model

4



Scales vs Physics

Energy [GeV]

Length [m]

α2
e me10-8

10−8

QED (1900)

10-15 Me− 1
b0αS QCD (1970)

ΔxΔp ≥ 1

10−1

⟨H⟩10-19 SM (2010)

ΛEW ∼ 103

-All particles are discovered

-All 18 free parameters are measured (1% accuracy)
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Scales vs Physics

Energy [GeV]

Length [m]

α2
e me10-8

10−8

QED (1900)

10-15 Me− 1
b0αS QCD (1970)

ΔxΔp ≥ 1

10−1

⟨H⟩10-19 SM (2010)

103

Λinf ∼ ??

ℓinflation
inflaton (2100 ?)
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Inflationary scale seems to be high 
 

because no inflaton was found at the LHC

But, what’s the inflaton? 

How does she look like?

Λinf ≫ ΛEW ∼ TeV
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PDG Book v.2023 

 1/12 of  = 1 u = 931.49410242(28)    (CODATA 2018)12C MeV/c2

zero thanks 
to CPT  

symmetry

Absolute stable 
by Gauge symmetry

zero if CP 
 symmetry

zero if  
Chiral 

symmetry

Lorentz 
symmetrynon-colored
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Not stable 
for reheating

Lorentz 
symmetry

non-colored ?

Spin=0 ??
Spin=0 ?? 

Mass =??


Charge= 0 ??

Lifetime =??

Elementary??

ϕinf

Citation : SC Park et. al. Particle Data Group (2100 update)

INFLATON

PDG Book v. 2100
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Spin of inflaton

• Scalar (s=0) is favored due to isotropy 

• s=1/2 condensate  generates Lorentz violation

• s=1 models tried [Golovnev, Mukhanov, Vanchurin (08)], [Natuko, Eiichiro, Yamaguchi 

(14)], but disfavored because of anisotropy.  breaks Lorentz. 

• maybe in extra dimensions  [Arkani-Hamed, Cheng, Creminelli, 
Randall (03)]

⟨ψ⟩

⟨Vi⟩

AM = (Aμ, A5)
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Composite or elementary?

• It is not certain whether inflaton is composite or elementary. 

• Situation is similar to the SM Higgs: The Higgs could be a composite 
state.  Technicolor in 4D (or RS in 5D) is regarded natural as 

• Strong dynamics ==> organizing principle for multiple “composite states” 

• (ex) pions, dilatons…+other mesons

m2
scalar ∼ Λ2

composite ≪ Λ2
cut
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1/fϕ ℓ ≫ 1/fϕ≃
fϕ =

Λcomposite

2π
Looks elementary

Length of experiment
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This work

• We propose a composite inflaton model based on  gauge theory 
coupled to   Dirac fields of fundamental representation. 

• But,  also work

• For a certain set of , the theory will flow to an IR fixed point, hence 

generates a phase of nearly scale invariant dynamics (Walking regime) e.g. 

[Dietrich and F. Sannino (06)], [F. Sannino (07)]

walking = slow-rolling

SU(Nc)
Nf

SO(N), SP(N), G2
(Nc, Nf)

[G. Cacciapaglia, D. Y. Cheong, A. Deandrea, W. Isnard and SCP [2307.01852] JCAP 10 (2023) 063].
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This work

✓Condensation  or  generates spontaneous breaking for chiral 
and scale symmetry

✓ PNGBs (they are light!) are the pions  (chiral symmetry 
breaking) and dilaton  (scale symmetry breaking) 
✓Technically, it is convenient to use non-linear realization of pion by 

.  

⟨ψψ̄⟩ ⟨GG⟩

ϕ(x) = ϕa(x)Ta

χ(x)

U(x) = eiϕaTa/fϕ

[G. Cacciapaglia, D. Y. Cheong, A. Deandrea, W. Isnard and S. C. Park [2307.01852] JCAP 10 (2023) 063].
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The composite inflation model
η = (−1, + 1, + 1, + 1), MP = 1/ 8πG = 1

dilaton kinetic term pion kinetic term

C.C.

 for  A ∼ 1/4 ⟨χ⟩ = fχ

Order param. of Scale anomaly

Effective potential of pions

from chiral symmetry breaking

: from bare mass term of confining fermion

: from four-fermi interactions

δ1
δ2

scaling dimensions

0 < γm, γ4f ≲ 1

U(x) = eiϕaTa/fϕ

( fϕ, λχ, fχ, δ1, δ2)
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Parameters

• Along  4 Free parameters  describes the composite 
dynamics of dilaton 

•  : scaling dimensions of the induced operators suggested by 
lattice calculations [DeGrand (15)]   

•   such that the theory stays in a perturbative 

regime ==>  We request 

ϕ/fϕ = 0, (λχ, fχ, δ1, δ2)

0 < γm, γ4f ≲ 1

Max[λχδ1 f 4
χ , λχδ2 f 4

χ ] ≲ f 4
ϕ

Max(δ1, δ2) ≲
f 4
ϕ

λχ f4
χ
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J. von Neumann’s elephant

I remember my friend Johnny von Neumann used to say, 

“With four parameters I can fit an elephant, 


and with five I can make him wiggle his trunk.”       

E. Fermi to F. Dyson in response to his calculation of meson-proton scattering (1951)

F. Dyson (2005) https://www.nature.com/articles/427297a 17

https://www.nature.com/articles/427297a


Four parameter fit to an elephant
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Dilaton as inflaton

• The dilaton potential along 





ϕ/fϕ = 0
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๏  for  at ,

๏  for  at 

Asingle =
1
4

+ δ1(3 − γm) V,χ = 0 χ = fχ

V0 =
λχ f 4

χ

16 [1 + 4δ1(1 + γm)] V = 0 χ = fχ

1

γm = 0

χ/fχ
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0.8

Potential
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 fixedδ1 = 1.0

larger γm
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χ/fχ

0.2
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Potential

๏  for  at ,

๏  for  at 

Asingle =
1
4

+ δ1(3 − γm) V,χ = 0 χ = fχ

V0 =
λχ f 4

χ

16 [1 + 4δ1(1 + γm)] V = 0 χ = fχ

1
δ1 = 0.0

δ1 = 2.0

δ1 = 1.0

 fixedγm = 1.0

larger δ1
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Precision test

• PLANCK [Planck 1807.06277]

• Many representative models were already ruled out

• We can test our composite model
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Dilaton inflaton (ns, Ne)  all the casesr ≪ 1

The dilaton model prediction here

Obs indicate here
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Wait!  Pions

• At the turning point, ,  changes its sign then rapidly turns into the 
waterfall direction  then terminates the inflation

• Pions play the role of waterfall field!

χ = χc m2
ϕ

ϕ → ϕ0

along dilaton direction

at the minimum
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Dilaton + pion potential
Inflation is driven by dilaton

after the turning into the waterfall

 changes the sign and 'Turn' made at Vϕϕ

χ* = χ0.05Mpc−1

no waterfall

waterfall
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Allowed Parameter spaces

γ4f = 1 γm = 1

δ 2
=

10
−

4

δ 2
=

10
−

4

δ 2
=

1

δ 2
=

1Allowed here Allowed here
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CMB compatible space

compatible

In here, we realize

successful composite 


inflation

Max(δ1, δ2) ≲
f 4
ϕ

λχ f4
χ
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• Composite inflation model is suggested based on a  gauge symmetry


• The suggested Composite model is compatible with the Planck 18+ BK18 + BAO observation 
when dilation plays the role of inflaton and pion plays the role of waterfall. 


• Inflation scale , Composite (pion) scale  : everything 
is below Planck scale ~ good EFT description


•  More details of reheating is specified only after (pion-standard model) and (dilaton~standard 
model) interactions are are given.  


• Some of the pions could be stable and WIMPZILLA Dark matter (work in progress)


• Tachyonic instability generates PBH & GWs etc. (work in progress)

SU(Nc)

Hinf ∼ 1010 GeV mϕ ∼ fϕ ∼ 1014 GeV

Conclusion & Outlook
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PBH from Higgs-R^2 
D.Y.Cheong, S.M.Lee, SCP JCAP01 (2021) 032 [1912.12032]

+RG running effect

+ R^3 
D.Y.Cheong, H.M.Lee, SCP 


PLB 805 (2020) 135453  2002.07981

Tachyonic instability
D.Y.Cheong, K. Kohri, SCP
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