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Cosmic inflation

® (Cosmic Inflation solves horizon,
homogeneity, isotropy, flatness, relic

problems, etc.

e.g. Cosmic Microwave Background homogeneous
and isotropic at large distances

® “Slowly-rolling scalar (inflaton)”
derives inflation and reheats
the universe.
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Spectral tilt: almost scale-invariant CMB at large scales.
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Starobinsky model

® Starobinsky-like models are a best fit to Planck data.

2 12

ne =1 — N T successful for N=40-80 at 95% C.L.

® Starobinsky model based on “pure gravity” is dual
to a scalar-tensor theory. [Starobinsky (1984)]
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Canonical kinetic terms One-parameter, ¢ ~ 10*
Guv = Guv/ (1 +4€8) 1 1 4¢¢p = eV 31X Successful for Planck.




Pole inflation

® Singlet scalar field 0 with a conformal coupling: 4
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e.g. Kallosh, Linde, Roest (2013)  => flat potential for slow-roll



Reheating and spectral tilt
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The number of e-foldings for solving the horizon problem
is subject to the details of reheating dynamics.
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Red tilt needs “Larger N”(w>1/3) or loop corrections.



Running inflaton potential
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® Parametrize the loop corrections to the pole inflation.
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Symmetries for pole inflation

® Higgs potential almost vanishes at high energies. -/~

Conformal or Weyl symmetry  z" —e%z": o

9w =™ eZa(x)g'uw A e_a(x))(, Dilaton
¢, — e—a(x)¢i, W, > w, — gidﬂa(x)
Higgs Weyl photon
® Weyl gravity and isometry [HML, PRL 2025]
Y —o® =% =0 so(,1)=SO(I,N)
£J 1 1 1 Herman Weyl(1918)
"L — (1) - (07— R 500" + 5(0u0)



Higgs pole inflation and loop
corrections



Higgs pole inflation

_8_
® Consider the Higgs field near conformal coupling:
L 1. . .
Jordan-frame: __JgJ = —51\‘J£)Q(H)R(gj) + |D,H|* — V;(H)

Q=1 3;12) H|*: “conformal coupling” [S. Clery, HML, A. Menkara (2023)]

IHI“Z)2 “Jordan-frame Higgs potential”
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Predictions from pole inflation

® Take the monomial Higgs potential in Einstein frame.  —9-
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® |[nflationary predictions:

Spectral index Tensor-to-scalar ratio  CMB normalization
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insensitive to m Agp S 1.1 x 107




Po+ 31+ wy)Hpy ~ —T'3(1 4+ wy)pe |

Reheating from Higgs

® Perturbative reheating from inflaton decay/scattering. -10-

pr+4Hpr =Ty(1 +wy)py

[y = Z Cy,r7+ Y Tsssvv decays for heavy particles (t, VWV, Z) suppressed
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[S. Clery, HML, A. Menkara (2023)]
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—» favored to explain ACT

But, Preheating might be also important!

[HML,A. Menkara, J.-H, Yoon, work in progress]



Loops in Higgs pole inflation

® The loop corrections to the Higgs inflaton potential shift
the inflationary predictions.
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SM-like loops
_’IZ_
® Singlet scalar below the instability scale in SM:

Higgs quartic coupling is subject to  [J. Han, HML, J. Song(2025)]
tree-level shift + two-loop effects.
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Higgs-portal increases beta function but small & “negative”.



Singlet scalar dominated
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® Singlet scalar below the instability scale in SM:

Higgs quartic coupling is subject to  [J. Han, HML, J. Song(2025)]
tree-level shift + two-loop effects.
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Stronger Higgs-portal drives beta function small and positive.



Running pole potential
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® Parametrize the loop corrections to the pole inflation.
. p(h) u(h) \*
() = An :ﬁ&m i) ”’“’( x)
one-loop  two-loop
. by | by, ,
— canonical inflaton: Au(¢) = 9(/\11,.: + ﬁ(é — ) + (0 - d)c)‘)

Running inflaton potential:

Power corrections - Han, HML, J.->ong(2025)]

to inflaton potential

Loops =>
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b1/Ay=-0.01, bo/Ay=0.005

0DS5S 0960 0965 0970 097Ss 0SB0 05885 099
Ns

[J. Han, HML, J. Song(2025)]

Planck + ACT + BAO n, = 0.9743+0.0034

Planck + Keck r < 0.036 at 95% CL

2 N 6b1 + by + 2v/6ba (9. — Pe) _ 6by +3by + 2v/6bs (4. — @)
N 18X+ 120y . N ’

12 2(6by + 3ba + 2v/6b2 (s — de))

- 2 2 Loops!




_16_

Beta functions in light of ACT
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UV-complete pole inflation



Riggs and Vely symmetry

® Higgs potential almost vanishes at high energies.  -1/-
020 —
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UV-complete pole inflation

® |mpose the global SO(I,1) in Weyl gravity: -18-
X2 — 0 — X/2 —o'? [HML, PRL 2025]
L 1 1 1

Weyl covariant derivatives: Dux = (0u — guwu)x, Duéi = (Ou — guwwy) i,

Weyl covariant potential:  V(x,o) = F(o?/x*)(x* — )

SO(I,l) breaking

| 1 6
Gauge fixing =% Newton constant: Gy = SIS~ (L0
6 2
0 =\1 Weyl photon mass: ,,2 — %%w /2

wzl—l—a



Pole inflation and Weyl photon

® (Gauge-fixed Lagrangian in Einstein frame: 719
Lp 1 1 (0,,0)? 1. L 5 .
— ——R+ = = — Ve(o) — —w,,w" + —miw,w",
vV —YE 2 2(1-L1+a)0?)’ AL 2 .. ..

2 12 » _ 6Bagy o o
nsﬁl__ =~ ? w P
N’ (14 a)N? 1+a

Oﬁqbia 1= 1727"' 7N7
SO(I,N)—=SO(N):
" N=4: Higgs pole inflation,

0.955 0.960 0.965 0.670 0.975 0.880 <

© mHMLPRL2025] L N=2:PQ pole inflation.




Conformal reheating

® Reheating is necessary for Big Bang

Nucleosynthesis.

SO(1,4)=SO(4): Vi = Ay |H|* — m|H|?

] Inflation
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Reheating as in Higgs/PQ pole inflation:
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Weyl photon dark matter

® Weyl photon dark matter is produced by freeze-in

during or after reheating.

PQ or Higgs pole inflation
108!
1TrH

1017"

10 Instantaneous reheating
S\ 1015
O]
S Infl i
E Nntlaton scatterlng
~ 10" .

dominant
107 /
0, h*=0.12
1012,
Thermal scattering
101"
10°10% 1072 10° 10% 10* 10° 10® 10" 10" 10" 10
m,,(GeV)
TNy
[HML, PRL 2025]

=> DM mass: m, =~ 10 MeV
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| 12876\/10gru M3’
“w.reheating - _ ) . .
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after reheating



Conclusions

® The pole inflation relies on a conformal coupling to
gravity and a small quartic coupling of the inflaton,
leading to successful & testable predictions.

® SM Higgs/PQ fields can be realized when the running
quartic coupling for the inflaton remains small during
inflation; loops from BSM couplings make small
deviations in favor of ACT.

® Weyl gravity with broken SO(1,N) isometry
realizes successful pole inflation models and
contains a dark matter candidate (VWVeyl photon).




