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Cosmic inflation
• Cosmic Inflation solves horizon, 

homogeneity, isotropy, flatness, relic 
problems, etc.

• “Slowly-rolling scalar (inflaton)” 
derives inflation and reheats 
the universe.

CMB anisotropies, 
galaxies, clusters, 

dark matter production

eN =
aend
a⇤

,

N ⇡ 60.

ds2 = �dt2 + a2(t)d~x2

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

horizon 
distance

scale factor

perturbation
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Planck vs ACT

• Spectral tilt:  almost scale-invariant CMB at large scales.
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• Tensor perturbation:

ns = 1� 6✏+ 2⌘,

hR(~k)R(~k0)i = �3(~k � ~k0)
2⇡2

k3
PR(k), PR(k) / kns�1,

“slow-roll inflation”

ns=0.9665±0.0038  [Planck18+BAO] 

r<0.035  [Planck18+BK18+BAO]
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r = 16✏,
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• Atacama Cosmology Telescope(2025):  less red-tilt! 

ns=0.9743±0.0034  [Planck+ACT+BAO] 
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ns → 1



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

• Starobinsky model based on “pure gravity” is dual 
to a scalar-tensor theory.
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[Starobinsky (1984)]
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One-parameter,



Pole inflation
• Singlet scalar field σ with a conformal coupling: -4-

Jordan frame potential

e.g.  Kallosh, Linde, Roest (2013)
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Einstein frame potential

=> flat potential for slow-roll



Reheating and spectral tilt

Horizon 
radius

The number of e-foldings for solving the horizon problem 
is subject to the details of reheating dynamics.

ln(aH)�1
rh ⇠ 1

2
(1 + 3w) ln a, w:  equation of state 

Red tilt needs “Larger N”(w>1/3) or loop corrections.

[S.-M. Choi, HML (2016)]

-5-

0 5 10 15
10

20

30

40

50

60

70

80

Log(Trh /GeV)

N
*

r=10-3

<latexit sha1_base64="vsdfrNbLMI82thK+tbEwwor1jYA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sS8OIxonlAsoTZySQZMju7zPQqYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geDPxG49cGxGpBxzF3A9pX4meYBStdP905XWKJbfsTkEWiZeREmSodopf7W7EkpArZJIa0/LcGP2UahRM8nGhnRgeUzakfd6yVNGQGz+dnjomR1bpkl6kbSkkU/X3REpDY0ZhYDtDigMz703E/7xWgr1LPxUqTpArNlvUSyTBiEz+Jl2hOUM5soQyLeythA2opgxtOgUbgjf/8iKpn5S98/LZ3Wmpcp3FkYcDOIRj8OACKnALVagBgz48wyu8OdJ5cd6dj1lrzslm9uEPnM8f2H2Ngw==</latexit>

w = 1
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w = �1/3

# e-folds

reheatingscale factor



Running inflaton potential

x
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• Parametrize the loop corrections to the pole inflation.

canonical 
inflaton

<latexit sha1_base64="Kvvojc0EzgYCeaZPkjbImfPKrpw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURXxul4KbLCvYBTQiTyaQdOnkwMymU0D9x40IRt/6JO//GaZuFth4YOJxzLvfO8VPOpLKsb6O0tr6xuVXeruzs7u0fmIdHHZlkgtA2SXgiej6WlLOYthVTnPZSQXHkc9r1Rw8zvzumQrIkflKTlLoRHsQsZAQrLXmm6XAdDrDXrDnpkJ3feWbVqltzoFViF6QKBVqe+eUECckiGivCsZR920qVm2OhGOF0WnEySVNMRnhA+5rGOKLSzeeXT9GZVgIUJkK/WKG5+nsix5GUk8jXyQiroVz2ZuJ/Xj9T4a2bszjNFI3JYlGYcaQSNKsBBUxQovhEE0wE07ciMsQCE6XLqugS7OUvr5LORd2+rl89XlYb90UdZTiBU6iBDTfQgCa0oA0ExvAMr/Bm5MaL8W58LKIlo5g5hj8wPn8AbkOS4A==</latexit>

ωH(ε) =

one-loop two-loop

Running inflaton potential:

Power corrections 
in inflaton field

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



Symmetries for pole inflation
• Higgs potential almost vanishes at high energies.

• Weyl gravity and isometry

Conformal or Weyl symmetry
<latexit sha1_base64="SaRE97KZEvuBpa8Kp4zdm9OIo1c=">AAACA3icbVDLSgMxFM34rPU16k43wSK4kDIjvnBVdOOygn1AZ1oyaaYNTTJDkhHLUHDjr7hxoYhbf8Kdf2M6nYW2HggczrmXm3OCmFGlHefbmptfWFxaLqwUV9fWNzbtre26ihKJSQ1HLJLNACnCqCA1TTUjzVgSxANGGsHgeuw37olUNBJ3ehgTn6OeoCHFSBupY+8+tD2eeDqCpO0hFveRdwQz7bJjl5yykwHOEjcnJZCj2rG/vG6EE06Exgwp1XKdWPspkppiRkZFL1EkRniAeqRlqECcKD/NMozggVG6MIykeULDTP29kSKu1JAHZpIj3VfT3lj8z2slOrzwUyriRBOBJ4fChEETeVwI7FJJsGZDQxCW1PwV4j6SCGtTW9GU4E5HniX147J7Vj69PSlVrvI6CmAP7IND4IJzUAE3oApqAINH8AxewZv1ZL1Y79bHZHTOynd2wB9Ynz9BOJdH</latexit>

xµ → eω xµ :

[HML, PRL 2025]

<latexit sha1_base64="4gXe16PG2qQgLC+OhayxXwnK6Gs=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGVGfG2EohuXFewD2qFk0kwbmskMSUYtYz/FjQtF3Pol7vwb03YW2nrgcg/n3Etujh9zprTjfFsLi0vLK6u5tfz6xubWtl3YqasokYTWSMQj2fSxopwJWtNMc9qMJcWhz2nDH1yP/cY9lYpF4k4PY+qFuCdYwAjWRurYhTbmcR9fTlvp8fCoYxedsjMBmiduRoqQodqxv9rdiCQhFZpwrFTLdWLtpVhqRjgd5duJojEmA9yjLUMFDqny0snpI3RglC4KImlKaDRRf2+kOFRqGPpmMsS6r2a9sfif10p0cOGlTMSJpoJMHwoSjnSExjmgLpOUaD40BBPJzK2I9LHERJu08iYEd/bL86R+XHbPyqe3J8XKVRZHDvZgH0rgwjlU4AaqUAMCD/AMr/BmPVkv1rv1MR1dsLKdXfgD6/MHN7GTVQ==</latexit>

ω = ω(x),

Weyl photonHiggs

Dilaton

Herman Weyl(1918)
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ω2 → ε2 ↑ ω→2 → ε→2 SO(1,1)→SO(1,N)



Higgs pole inflation and loop 
corrections



Higgs pole inflation
• Consider the Higgs field near conformal coupling:
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Unitary gauge:
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= 0

:  Pole inflation type!

[S. Clery,  HML,  A. Menkara (2023)]
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H
T = (0, h)/

p
2

Jordan-frame:

“Jordan-frame Higgs potential”
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Einstein-frame:

<latexit sha1_base64="Z7r5hAGhrtM95gr2aRVdyA2CwuM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr5MUvHisYG2hCWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnZAaLoXiLRQoeSfVnMah5O1wdDv1209cG5GoBxynPIjpQIlIMIpWavuhGAz8vFetuXV3BrJMvILUoECzV/3y+wnLYq6QSWpM13NTDHKqUTDJJxU/MzylbEQHvGupojE3QT47d0JOrNInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vG6G0XWQC5VmyBWbL4oySTAh099JX2jOUI4toUwLeythQ6opQ5tQxYbgLb68TB7P6t5l/eL+vNa4KeIowxEcwyl4cAUNuIMmtIDBCJ7hFd6c1Hlx3p2PeWvJKWYO4Q+czx9Va4+S</latexit>⇢

<latexit sha1_base64="plUxEQ8G5sUynm+MORhaShowA4M=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwIXVGfG2Uggjixgr2AZ2hZNK0DU0yQx5CGbp146+4caGIW//AnX9j+hC09UDg3HPu5eaeKGFUac/7cjIzs3PzC9nF3NLyyuqau75RUbGRmJRxzGJZi5AijApS1lQzUkskQTxipBp1LwZ+9Z5IRWNxp3sJCTlqC9qiGGkrNVzYbqTXewE3gTD9M1tc/hT7wQ0nbdRw817BGwJOE39M8mCMUsP9DJoxNpwIjRlSqu57iQ5TJDXFjPRzgVEkQbiL2qRuqUCcqDAdXtKHO1ZpwlYs7RMaDtXfEyniSvV4ZDs50h016Q3E/7y60a3TMKUiMZoIPFrUMgzqGA5igU0qCdasZwnCktq/QtxBEmFtw8vZEPzJk6dJ5aDgHxeObg/zxfNxHFmwBbbBLvDBCSiCK1ACZYDBA3gCL+DVeXSenTfnfdSaccYzm+APnI9vKICZ/w==</latexit>

gJ,µω = gE,µω/!



Predictions from pole inflation
• Take the monomial Higgs potential in Einstein frame. -9-

Jordan frame:

Canonical inflaton:

“Higgs pole inflation”

• Inflationary predictions:
Spectral index Tensor-to-scalar ratio CMB normalization

Higgs quartic coupling<latexit sha1_base64="rQm1OxnhLbmD9jqX+b+xhv4LadM=">AAACAHicbZBNS8MwGMfT+TbnW9WDBy/BIXgYo91k6kEZePE4wb3AWkqapVtYmpYkFUbZxa/ixYMiXv0Y3vw2plsPuvmHwC//53lInr8fMyqVZX0bhZXVtfWN4mZpa3tnd8/cP+jIKBGYtHHEItHzkSSMctJWVDHSiwVBoc9I1x/fZvXuIxGSRvxBTWLihmjIaUAxUtryzCPuyWuretVoVKBTcSpCXyyrXvfMcgaZ4DLYOZRBrpZnfjmDCCch4QozJGXftmLlpkgoihmZlpxEkhjhMRqSvkaOQiLddLbAFJ5qZwCDSOjDFZy5vydSFEo5CX3dGSI1kou1zPyv1k9UcOmmlMeJIhzPHwoSBlUEszTggAqCFZtoQFhQ/VeIR0ggrHRmJR2CvbjyMnRqVbtRrd2fl5s3eRxFcAxOwBmwwQVogjvQAm2AwRQ8g1fwZjwZL8a78TFvLRj5zCH4I+PzB7mrk0M=</latexit>

ns = 0.966, r = 0.0033
insensitive to m



Reheating from Higgs
• Perturbative reheating from inflaton decay/scattering. -10-

<latexit sha1_base64="4tikPGgJASgfBHg36k32hCBy1l0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePFYwX5AG8pmO2mXbjZxdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZK7ag3xEdS65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdKqVb3Lau3+olK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+kqI8b</latexit>

m � 2

&  low reheating

But, Preheating might be also important!

[S. Clery,  HML,  A. Menkara (2023)]

 decays for heavy particles (t, W, Z) suppressed

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

<latexit sha1_base64="i/T4qBLolTKNXkrgLvz0lSMD4/Y=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DpJwIvHBMwDkhBmJ73JmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7y48F18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRavlUo+AS64Ybga1YIQ19gU1/dDf1m0+oNI/kgxnH2A3pQPKAM2qsVDvrFUtu2Z2BLBMvIyXIUO0Vvzr9iCUhSsME1brtubHpplQZzgROCp1EY0zZiA6wbamkIepuOjt0Qk6s0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJbropl3FiULL5oiARxERk+jXpc4XMiLEllClubyVsSBVlxmZTsCF4iy8vk8Z52bsqX9YuSpXbLI48HMExnIIH11CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gB1FYy2</latexit>,

<latexit sha1_base64="qyfBmT2YgHW1ajNmHLbK3n1MRjs=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURX6tS0IUrqWAf0IQwmd62Q2eSMDMRSij4K25cKOLW73Dn3zhts9DWAxcO59zLvfeECWdKO863VVhaXlldK66XNja3tnfs3b2milNJoUFjHst2SBRwFkFDM82hnUggIuTQCofXE7/1CFKxOHrQowR8QfoR6zFKtJEC+8C7Aa4JvgsyTwosYTDGVSewy07FmQIvEjcnZZSjHthfXjemqYBIU06U6rhOov2MSM0oh3HJSxUkhA5JHzqGRkSA8rPp+WN8bJQu7sXSVKTxVP09kRGh1EiEplMQPVDz3kT8z+ukunflZyxKUg0RnS3qpRzrGE+ywF0mgWo+MoRQycytmA6IJFSbxEomBHf+5UXSPK24F5Xz+7NyrZrHUUSH6AidIBddohq6RXXUQBRl6Bm9ojfryXqx3q2PWWvBymf20R9Ynz/DPpS2</latexit>

�Nreh > 0

favored to explain ACT

<latexit sha1_base64="0DL/E54Rn0Wgd27vbGgKv5ikgeo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuKeqxKILHCvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNIPphJTH2Bh5KFjGBjpcdW/7bci0fsvF8suRV3DrRKvIyUIEOjX/zqDSKSCCoN4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWSiyo9tP5wVN0ZpUBCiNlSxo0V39PpFhoPRGB7RTYjPSyNxP/87qJCa/8lMk4MVSSxaIw4chEaPY9GjBFieETSzBRzN6KyAgrTIzNqGBD8JZfXiWtasW7qFTva6X6dRZHHk7gFMrgwSXU4Q4a0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/Njo/D</latexit>

VE(�)

<latexit sha1_base64="7Gy0ZW49+Byo51YNunpyloqX7L8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26l6z3ni4qrVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEV0o5G</latexit>

�

<latexit sha1_base64="9tzOFxFcrWVRI2SVBqL5Riov4pU=">AAACDnicbZDLSsNAFIYn9VbrLerSTbAUBLEk3jdKwY3LCvYCTQiT6aQdOjOJMxOlhDyBG1/FjQtF3Lp259s4bbPQ1h8Gfr5zDmfOH8SUSGXb30Zhbn5hcam4XFpZXVvfMDe3mjJKBMINFNFItAMoMSUcNxRRFLdjgSELKG4Fg6tRvXWPhSQRv1XDGHsM9jgJCYJKI9+sPPhu3CcXbiggStmBk6Vs38ncHr6bIA2OMt8s21V7LGvWOLkpg1x13/xyuxFKGOYKUShlx7Fj5aVQKIIozkpuInEM0QD2cEdbDhmWXjo+J7MqmnStMBL6cWWN6e+JFDIphyzQnQyqvpyujeB/tU6iwnMvJTxOFOZosihMqKUia5SN1SUCI0WH2kAkiP6rhfpQp6B0giUdgjN98qxpHlad0+rJzXG5dpnHUQQ7YBfsAQecgRq4BnXQAAg8gmfwCt6MJ+PFeDc+Jq0FI5/ZBn9kfP4AMeScNA==</latexit>

wω =
m→ 1

m+ 1
↑ 1

3



Loops in Higgs pole inflation

x

-11-
• The loop corrections to the Higgs inflaton potential shift 

the inflationary predictions.

Singlet scalar:SM:

“Running potential”

Higgs quartic coupling 
can be small at high scale 
due to singlet coupling.

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



SM-like loops

x

-12-
• Singlet scalar below the instability scale in SM:

[J. Han, HML, J. Song(2025)]Higgs quartic coupling is subject to 
tree-level shift + two-loop effects.

mh=125.25GeV
mt=172.69GeV

αS(mZ)=0.1179
λS(109GeV)=0.05

λHS(109GeV)=0.02739

SM + singlet
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<latexit sha1_base64="jUbJzm6tl4mhabINZPntDvxunJE=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgqiRifWyk4KbLCvYBTQiTyU07dPJgZqKU2E9x40IRt36JO//GaRtBRQ8MHM65h3vn+ClnUlnWh1FaWl5ZXSuvVzY2t7Z3zOpuVyaZoNChCU9E3ycSOIuho5ji0E8FkMjn0PPHVzO/dwtCsiS+UZMU3IgMYxYySpSWPLPq+KCIlztcZwLitaaeWbPqloZt4wWxLgrSOMH2QrFqqEDbM9+dIKFZBLGinEg5sK1UuTkRilEO04qTSUgJHZMhDDSNSQTSzeenT/GhVgIcJkK/WOG5+j2Rk0jKSeTryYiokfztzcS/vEGmwnM3Z3GaKYjpYlGYcawSPOsBB0wAVXyiCaGC6VsxHRFBqNJtVXQJXz/F/5Pucd0+rTeuT2rNy6KOMtpHB+gI2egMNVELtVEHUXSHHtATejbujUfjxXhdjJaMIrOHfsB4+wRz6ZQi</latexit>

ωωH

<latexit sha1_base64="+kQeTnVEenWWinEBcaRtvhIlKpM=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVVdScNNlBfuQdiiZTKYNTTJDkhHK0K9w40IRt36OO//GdNqFth4IHM45l9x7goQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRWiLxDxW3QBrypmkLcMMp91EUSwCTjvB+G7md56o0iyWD2aSUF/goWQRI9hY6bHPbTTEg8agXHGr3pVX8zzkVt0cyFsmFVigOSh/9cOYpIJKQzjWuue5ifEzrAwjnE5L/VTTBJMxHtKepRILqv0sX3iKzqwSoihW9kmDcvX3RIaF1hMR2KTAZqSXvZn4n9dLTXTjZ0wmqaGSzD+KUo5MjGbXo5ApSgyfWIKJYnZXREZYYWJsRyVbwsrJq6R9YYuq1u4vK/XbRR1FOIFTOAcPrqEODWhCCwgIeIZXeHOU8+K8Ox/zaMFZzBzDHzifP6NnkE4=</latexit>

ωH

Higgs-portal increases beta function but small & “negative”.

Singlet mass inflation inflation



Singlet scalar dominated

x

-13-• Singlet scalar below the instability scale in SM:

[J. Han, HML, J. Song(2025)]Higgs quartic coupling is subject to 
tree-level shift + two-loop effects.

Stronger Higgs-portal drives beta function small and positive.

mh=125.25GeV
mt=172.69GeV

αS(mZ)=0.1179
λS(109GeV)=0.3

λHS(109GeV)=0.06124

SM + singlet
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<latexit sha1_base64="+kQeTnVEenWWinEBcaRtvhIlKpM=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVVdScNNlBfuQdiiZTKYNTTJDkhHK0K9w40IRt36OO//GdNqFth4IHM45l9x7goQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRWiLxDxW3QBrypmkLcMMp91EUSwCTjvB+G7md56o0iyWD2aSUF/goWQRI9hY6bHPbTTEg8agXHGr3pVX8zzkVt0cyFsmFVigOSh/9cOYpIJKQzjWuue5ifEzrAwjnE5L/VTTBJMxHtKepRILqv0sX3iKzqwSoihW9kmDcvX3RIaF1hMR2KTAZqSXvZn4n9dLTXTjZ0wmqaGSzD+KUo5MjGbXo5ApSgyfWIKJYnZXREZYYWJsRyVbwsrJq6R9YYuq1u4vK/XbRR1FOIFTOAcPrqEODWhCCwgIeIZXeHOU8+K8Ox/zaMFZzBzDHzifP6NnkE4=</latexit>

ωH

<latexit sha1_base64="jUbJzm6tl4mhabINZPntDvxunJE=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgqiRifWyk4KbLCvYBTQiTyU07dPJgZqKU2E9x40IRt36JO//GaRtBRQ8MHM65h3vn+ClnUlnWh1FaWl5ZXSuvVzY2t7Z3zOpuVyaZoNChCU9E3ycSOIuho5ji0E8FkMjn0PPHVzO/dwtCsiS+UZMU3IgMYxYySpSWPLPq+KCIlztcZwLitaaeWbPqloZt4wWxLgrSOMH2QrFqqEDbM9+dIKFZBLGinEg5sK1UuTkRilEO04qTSUgJHZMhDDSNSQTSzeenT/GhVgIcJkK/WOG5+j2Rk0jKSeTryYiokfztzcS/vEGmwnM3Z3GaKYjpYlGYcawSPOsBB0wAVXyiCaGC6VsxHRFBqNJtVXQJXz/F/5Pucd0+rTeuT2rNy6KOMtpHB+gI2egMNVELtVEHUXSHHtATejbujUfjxXhdjJaMIrOHfsB4+wRz6ZQi</latexit>

ωωH inflation



Running pole potential

x

-14-

• Parametrize the loop corrections to the pole inflation.

canonical inflaton:
<latexit sha1_base64="Kvvojc0EzgYCeaZPkjbImfPKrpw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURXxul4KbLCvYBTQiTyaQdOnkwMymU0D9x40IRt/6JO//GaZuFth4YOJxzLvfO8VPOpLKsb6O0tr6xuVXeruzs7u0fmIdHHZlkgtA2SXgiej6WlLOYthVTnPZSQXHkc9r1Rw8zvzumQrIkflKTlLoRHsQsZAQrLXmm6XAdDrDXrDnpkJ3feWbVqltzoFViF6QKBVqe+eUECckiGivCsZR920qVm2OhGOF0WnEySVNMRnhA+5rGOKLSzeeXT9GZVgIUJkK/WKG5+nsix5GUk8jXyQiroVz2ZuJ/Xj9T4a2bszjNFI3JYlGYcaQSNKsBBUxQovhEE0wE07ciMsQCE6XLqugS7OUvr5LORd2+rl89XlYb90UdZTiBU6iBDTfQgCa0oA0ExvAMr/Bm5MaL8W58LKIlo5g5hj8wPn8AbkOS4A==</latexit>

ωH(ε) =

one-loop two-loop

Running inflaton potential:

Power corrections 
to inflaton potential

[J. Han, HML, J.-Song(2025)]
Loops  =>



Loops and spectral tilt

x
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Planck + Keck

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

<latexit sha1_base64="2qb9CTa9TgxL5/vBLBBtvUOY794=">AAAB63icbVDLSsNAFL2pr1pfUZduBovgqiTia6MU3LisYB/QhjKZTtqhM5MwMxFK6C+4caGIW3/InX/jpM1CWw9cOJxzL/feEyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJJdnXN3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWWc2/rF08nFfrt0UcZTiCYzgFH66gDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwB5SSOJQ==</latexit>ns =

<latexit sha1_base64="B6fUtKzOps9BXEQk+5CI28T+nKQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sS8OIxinlAsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6xGV5rF8MOME/YgOJA85o8ZK9+qqV664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvoZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy//Jc2TqndePbs7rdSu8ziKcACHcAweXEANbqEODWAQwhO8wKszcp6dN+d93lpw8pl9+AXn4xthBo1D</latexit>r = Loops!

Planck + ACT + BAO

Planck + ACT + BAO Planck + ACT + BAO



Beta functions in light of ACT

x
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<latexit sha1_base64="Y0V89Q9rrHBAMvuDp1itz5pd97U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr1MpePFYwbSFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Q+mnGKQUwHkkecUWMlP+x5NbdXrrhVdw6ySrycVCBHo1f+6vYTlsUoDRNU647npiaYUGU4EzgtdTONKWUjOsCOpZLGqIPJ/NgpObNKn0SJsiUNmau/JyY01noch7Yzpmaol72Z+J/XyUx0G0y4TDODki0WRZkgJiGzz0mfK2RGjC2hTHF7K2FDqigzNp+SDcFbfnmVNC+q3nX16uGyUq/lcRThBE7hHDy4gTrcQwN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AN7kjhI=</latexit>

b1 > 0

<latexit sha1_base64="9BV4jB7TASpMLWwUhYoo+jed//o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr4NIwYvHCqYttKFsttt26WYTdidCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphIYdB1v53Cyura+kZxs7S1vbO7V94/aJg41Yz7LJaxboXUcCkU91Gg5K1EcxqFkjfD0d3Ubz5xbUSsHnGc8CCiAyX6glG0kh92vRu3W664VXcGsky8nFQgR71b/ur0YpZGXCGT1Ji25yYYZFSjYJJPSp3U8ISyER3wtqWKRtwE2ezYCTmxSo/0Y21LIZmpvycyGhkzjkLbGVEcmkVvKv7ntVPsXweZUEmKXLH5on4qCcZk+jnpCc0ZyrEllGlhbyVsSDVlaPMp2RC8xZeXSeOs6l1WLx7OK7XbPI4iHMExnIIHV1CDe6iDDwwEPMMrvDnKeXHenY95a8HJZw7hD5zPH9vajhA=</latexit>

b1 < 0

two-loop 
dominance

Perturbativity

One-loops 
are sufficient!

Two-loops are 
necessary!

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

Planck + ACT + BAO



UV-complete pole inflation



Higgs and Wely symmetry
• Higgs potential almost vanishes at high energies.

• Weyl gravity and Higgs

Conformal or Weyl symmetry
<latexit sha1_base64="SaRE97KZEvuBpa8Kp4zdm9OIo1c=">AAACA3icbVDLSgMxFM34rPU16k43wSK4kDIjvnBVdOOygn1AZ1oyaaYNTTJDkhHLUHDjr7hxoYhbf8Kdf2M6nYW2HggczrmXm3OCmFGlHefbmptfWFxaLqwUV9fWNzbtre26ihKJSQ1HLJLNACnCqCA1TTUjzVgSxANGGsHgeuw37olUNBJ3ehgTn6OeoCHFSBupY+8+tD2eeDqCpO0hFveRdwQz7bJjl5yykwHOEjcnJZCj2rG/vG6EE06Exgwp1XKdWPspkppiRkZFL1EkRniAeqRlqECcKD/NMozggVG6MIykeULDTP29kSKu1JAHZpIj3VfT3lj8z2slOrzwUyriRBOBJ4fChEETeVwI7FJJsGZDQxCW1PwV4j6SCGtTW9GU4E5HniX147J7Vj69PSlVrvI6CmAP7IND4IJzUAE3oApqAINH8AxewZv1ZL1Y79bHZHTOynd2wB9Ynz9BOJdH</latexit>

xµ → eω xµ :

[HML, PRL 2025]

<latexit sha1_base64="4gXe16PG2qQgLC+OhayxXwnK6Gs=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGVGfG2EohuXFewD2qFk0kwbmskMSUYtYz/FjQtF3Pol7vwb03YW2nrgcg/n3Etujh9zprTjfFsLi0vLK6u5tfz6xubWtl3YqasokYTWSMQj2fSxopwJWtNMc9qMJcWhz2nDH1yP/cY9lYpF4k4PY+qFuCdYwAjWRurYhTbmcR9fTlvp8fCoYxedsjMBmiduRoqQodqxv9rdiCQhFZpwrFTLdWLtpVhqRjgd5duJojEmA9yjLUMFDqny0snpI3RglC4KImlKaDRRf2+kOFRqGPpmMsS6r2a9sfif10p0cOGlTMSJpoJMHwoSjnSExjmgLpOUaD40BBPJzK2I9LHERJu08iYEd/bL86R+XHbPyqe3J8XKVRZHDvZgH0rgwjlU4AaqUAMCD/AMr/BmPVkv1rv1MR1dsLKdXfgD6/MHN7GTVQ==</latexit>

ω = ω(x),

=> Local transformations

Weyl photon

<latexit sha1_base64="pPGDridQLPHHceO57XgxapPEuxI="></latexit>

+
1

2
a(Dµ�)

2 � 1

2
a(Dµ�)

2 � 1

4
wµ⌫w

µ⌫ � V (�,�)

<latexit sha1_base64="11ZBtlft2f1MB6Qmzr04qhvEZRc="></latexit>

LJp
�gJ

= (1 + a)


� 1

12
(�2 � �2)R� 1

2
(@µ�)

2 +
1

2
(@µ�)

2

�

Dilaton Higgs

Higgs

Dilaton

Herman Weyl(1918)

-17-



UV-complete pole inflation
• Impose the global SO(1,1) in Weyl gravity: -18-

<latexit sha1_base64="pPGDridQLPHHceO57XgxapPEuxI="></latexit>

+
1

2
a(Dµ�)

2 � 1

2
a(Dµ�)

2 � 1

4
wµ⌫w

µ⌫ � V (�,�)

<latexit sha1_base64="11ZBtlft2f1MB6Qmzr04qhvEZRc="></latexit>

LJp
�gJ

= (1 + a)


� 1

12
(�2 � �2)R� 1

2
(@µ�)

2 +
1

2
(@µ�)

2

�

<latexit sha1_base64="BRDaVsx+UhmeBwEi1stDzuCj0sg=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKEkotWNUnDjsoK9QFPKZHrSDp1M4sxEKCHP4MZXceNCEbeu3Pk2Ti8Lbf1h4OM/53Dm/H7MmdKO823lFhaXllfyq4W19Y3NLXt7p66iRFKo0YhHsukTBZwJqGmmOTRjCST0OTT8wfWo3ngAqVgk7vQwhnZIeoIFjBJtrI595HEiehywR/vMkxO+9NS91KkXSELTcpa6xyTLOnbRKTlj4Xlwp1BEU1U79pfXjWgSgtCUE6VarhPrdkqkZpRDVvASBTGhA9KDlkFBQlDtdHxShg+M08VBJM0TGo/d3xMpCZUahr7pDInuq9nayPyv1kp0cNFOmYgTDYJOFgUJxzrCo3xwl0mgmg8NECqZ+SumfWKC0CbFggnBnT15HuonJbdcOrs9LVaupnHk0R7aR4fIReeogm5QFdUQRY/oGb2iN+vJerHerY9Ja86azuyiP7I+fwBt5J31</latexit>

h�i =
r

6

1 + a

Gauge fixing Newton constant:

<latexit sha1_base64="i/T4qBLolTKNXkrgLvz0lSMD4/Y=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DpJwIvHBMwDkhBmJ73JmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7y48F18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRavlUo+AS64Ybga1YIQ19gU1/dDf1m0+oNI/kgxnH2A3pQPKAM2qsVDvrFUtu2Z2BLBMvIyXIUO0Vvzr9iCUhSsME1brtubHpplQZzgROCp1EY0zZiA6wbamkIepuOjt0Qk6s0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJbropl3FiULL5oiARxERk+jXpc4XMiLEllClubyVsSBVlxmZTsCF4iy8vk8Z52bsqX9YuSpXbLI48HMExnIIH11CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gB1FYy2</latexit>,

<latexit sha1_base64="bpvmSeGReXCnCu10sT8CVOUgFUU="></latexit>

GN =
1

8ωM2
P

=
6

(1 + a)→ε↑2
<latexit sha1_base64="LRTgtadWNKRXCoS7qRLbuFl/3LE=">AAACCHicbVBLSwMxGMz6rPVV9ejBYBEEoewWrV6UghcvQgX7gHYt2TTbhibZJckqZdmjF/+KFw+KePUnePPfmG33oK0DgcnMfCTfeCGjStv2tzU3v7C4tJxbya+urW9sFra2GyqIJCZ1HLBAtjykCKOC1DXVjLRCSRD3GGl6w8vUb94TqWggbvUoJC5HfUF9ipE2Urewx+/K3Yfzji8Rjiuon96S2DlCCbw2vNYtFO2SPQacJU5GiiCDyX91egGOOBEaM6RU27FD7cZIaooZSfKdSJEQ4SHqk7ahAnGi3Hi8SAIPjNKDfiDNERqO1d8TMeJKjbhnkhzpgZr2UvE/rx1p/8yNqQgjTQSePORHDOoApq3AHpUEazYyBGFJzV8hHiDTiTbd5U0JzvTKs6RRLjmV0snNcbF6kdWRA7tgHxwCB5yCKrgCNVAHGDyCZ/AK3qwn68V6tz4m0Tkrm9kBf2B9/gD9KZis</latexit>

m2
w =

6ag2w
1 + a

M2
P

Weyl photon mass:

[HML, PRL 2025]

<latexit sha1_base64="OWDmfTRz1tpbn7HIi3xO6xRmwsE=">AAACHXicbZDLSsNAFIYn9VbrLerSzWAR3FiSUC/LohuXFewFmrRMppN26EwSZiZCCX0RN76KGxeKuHAjvo3TNKK2Hhj4+f5zOHN+P2ZUKsv6NApLyyura8X10sbm1vaOubvXlFEiMGngiEWi7SNJGA1JQ1HFSDsWBHGfkZY/upr6rTsiJI3CWzWOicfRIKQBxUhp1DOrLh7SrnPiSjrgqOu4KoIZSt1YUE6gM/n2fkjPLFsVKyu4KOxclEFe9Z757vYjnHASKsyQlB3bipWXIqEoZmRSchNJYoRHaEA6WoaIE+ml2XUTeKRJHwaR0C9UMKO/J1LEpRxzX3dypIZy3pvC/7xOooILL6VhnCgS4tmiIGFQRzCNCvapIFixsRYIC6r/CvEQCYSVDrSkQ7DnT14UTadin1VOb6rl2mUeRxEcgENwDGxwDmrgGtRBA2BwDx7BM3gxHown49V4m7UWjHxmH/wp4+ML47uh0g==</latexit>

ω2 → ε2 ↑ ω→2 → ε→2

<latexit sha1_base64="rTBaeprs4KyUENRmcmxNHAJ3zKY=">AAACHnicbZDLSsNAFIYn9VbrrerSzWARUtCaBKtulIIgLivYCzRpmUyn7dDJhZmJUEKfxI2v4saFIoIrfRunTQRtPTDw8f/ncOb8bsiokIbxpWUWFpeWV7KrubX1jc2t/PZOXQQRx6SGAxbwposEYdQnNUklI82QE+S5jDTc4dXEb9wTLmjg38lRSBwP9X3aoxhJJXXy5bpu4wE9tAXte6h4ca0n1LaOJ3rbKkI9gaMfo9i2OvmCUTKmBefBTKEA0qp28h92N8CRR3yJGRKiZRqhdGLEJcWMjHN2JEiI8BD1SUuhjzwinHh63hgeKKULewFXz5dwqv6eiJEnxMhzVaeH5EDMehPxP68Vyd65E1M/jCTxcbKoFzEoAzjJCnYpJ1iykQKEOVV/hXiAOMJSJZpTIZizJ89D3SqZp6Xy7UmhcpnGkQV7YB/owARnoAJuQBXUAAYP4Am8gFftUXvW3rT3pDWjpTO74E9pn98e2p/+</latexit>

V (�,�) = F (�2/�2)(�2 � �2)2

Weyl covariant derivatives:

Weyl covariant potential:

SO(1,1) breaking



Pole inflation and Weyl photon
• Gauge-fixed Lagrangian in Einstein frame: -19-

<latexit sha1_base64="FBUXp0VLe7UhM7BV+H0nHOalCi0="></latexit>

VE(�) = F (�2/h�2i) = �n�
n, �n =

↵n

h�ni
<latexit sha1_base64="hr5Q6hL4FlG/XdC0/QrCMYqIao8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKfFyUgBePEc0DkiXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDv1m0+oNI/koxnH6Id0IHmfM2qs9CCvK91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOCt7F+Xz+0qpepPFkYcjOIZT8OASqnAHNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fz1ONfQ==</latexit>

n = 4

<latexit sha1_base64="E4zacTUWu8p/5AmfcWmg3prh6z4="></latexit>

LEp
�gE

= �1

2
R+

1

2

(@µ�)2�
1� 1

6 (1 + a)�2
�2 � VE(�)�

1

4
ewµ⌫ ewµ⌫ +

1

2
m2

w ewµ ewµ,

minimally coupled

SO(1,N)→SO(N):

N=4: Higgs pole inflation,

N=2: PQ pole inflation.

<latexit sha1_base64="awBJ0ya1JS2iH3YvJVCrCzuL9Ww=">AAACG3icbVDLSgMxFM34rPVVdekmWAQXQ5kpvjZKwY0rqWAf0Cklk6bT0EwyJHeUUvofbvwVNy4UcSW48G9MHwttPZcLh3PuJbknTAQ34HnfzsLi0vLKamYtu76xubWd29mtGpVqyipUCaXrITFMcMkqwEGweqIZiUPBamHvauTX7pk2XMk76CesGZNI8g6nBKzUyhUDw6OY4EAoGWkedYForR5wkHR5i7uBLX7hu0U3oG0FxsU3biuX9wreGHie+FOSR1OUW7nPoK1oGjMJVBBjGr6XQHNANHAq2DAbpIYlhPZIxBqWShIz0xyMbxviQ6u0cUdp2xLwWP29MSCxMf04tJMxga6Z9Ubif14jhc55c8BlkgKTdPJQJxUYFB4FhdtcMwqibwmhmtu/YtolmlCwcWZtCP7syfOkWiz4p4WT2+N86XIaRwbtowN0hHx0hkroGpVRBVH0iJ7RK3pznpwX5935mIwuONOdPfQHztcPujif6A==</latexit>

� �! �i, i = 1, 2, · · · , N,

<latexit sha1_base64="LRTgtadWNKRXCoS7qRLbuFl/3LE=">AAACCHicbVBLSwMxGMz6rPVV9ejBYBEEoewWrV6UghcvQgX7gHYt2TTbhibZJckqZdmjF/+KFw+KePUnePPfmG33oK0DgcnMfCTfeCGjStv2tzU3v7C4tJxbya+urW9sFra2GyqIJCZ1HLBAtjykCKOC1DXVjLRCSRD3GGl6w8vUb94TqWggbvUoJC5HfUF9ipE2Urewx+/K3Yfzji8Rjiuon96S2DlCCbw2vNYtFO2SPQacJU5GiiCDyX91egGOOBEaM6RU27FD7cZIaooZSfKdSJEQ4SHqk7ahAnGi3Hi8SAIPjNKDfiDNERqO1d8TMeJKjbhnkhzpgZr2UvE/rx1p/8yNqQgjTQSePORHDOoApq3AHpUEazYyBGFJzV8hHiDTiTbd5U0JzvTKs6RRLjmV0snNcbF6kdWRA7tgHxwCB5yCKrgCNVAHGDyCZ/AK3qwn68V6tz4m0Tkrm9kBf2B9/gD9KZis</latexit>

m2
w =

6ag2w
1 + a

M2
P

<latexit sha1_base64="cq3vzbGIHRaANnN/lUWT9OUk4Bc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahopSk+FpJwY0rqWAf0MQymU7aoZNJnJkIJWTjxl9x40IRt/6DO//GaZuFth64cDjnXu69x4sYlcqyvo3c3PzC4lJ+ubCyura+YW5uNWQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDS5HfvOBCElDfquGEXED1OPUpxgpLXXMXeFIGpB76PgC4cSupEnJPkQH13eV9KhjFq2yNQacJXZGiiBDrWN+Od0QxwHhCjMkZdu2IuUmSCiKGUkLTixJhPAA9UhbU44CIt1k/EUK97XShX4odHEFx+rviQQFUg4DT3cGSPXltDcS//PasfLP3YTyKFaE48kiP2ZQhXAUCexSQbBiQ00QFlTfCnEf6TiUDq6gQ7CnX54ljUrZPi2f3BwXqxdZHHmwA/ZACdjgDFTBFaiBOsDgETyDV/BmPBkvxrvxMWnNGdnMNvgD4/MHa5GXOQ==</latexit>

r ' 12

(1 + a)N2
,

<latexit sha1_base64="arIPC4zN/EwQS/N547K5wNj4MUU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJiq+VFNy4kgr2AU0ok+mkHToziTMToYS48VfcuFDErX/hzr9x2mah1QMXDufcy733BDGjSjvOl1WYm19YXCoul1ZW19Y37M2tpooSiUkDRyyS7QApwqggDU01I+1YEsQDRlrB8HLst+6JVDQSt3oUE5+jvqAhxUgbqWvviK7yFOXkDrpHXigRTqtZep0ddu2yU3EmgH+Jm5MyyFHv2p9eL8IJJ0JjhpTquE6s/RRJTTEjWclLFIkRHqI+6RgqECfKTycfZHDfKD0YRtKU0HCi/pxIEVdqxAPTyZEeqFlvLP7ndRIdnvspFXGiicDTRWHCoI7gOA7Yo5JgzUaGICypuRXiATIxaBNayYTgzr78lzSrFfe0cnJzXK5d5HEUwS7YAwfABWegBq5AHTQABg/gCbyAV+vRerberPdpa8HKZ7bBL1gf37x+lm4=</latexit>

ns ' 1� 2

N
,

<latexit sha1_base64="Z7r5hAGhrtM95gr2aRVdyA2CwuM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr5MUvHisYG2hCWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnZAaLoXiLRQoeSfVnMah5O1wdDv1209cG5GoBxynPIjpQIlIMIpWavuhGAz8vFetuXV3BrJMvILUoECzV/3y+wnLYq6QSWpM13NTDHKqUTDJJxU/MzylbEQHvGupojE3QT47d0JOrNInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vG6G0XWQC5VmyBWbL4oySTAh099JX2jOUI4toUwLeythQ6opQ5tQxYbgLb68TB7P6t5l/eL+vNa4KeIowxEcwyl4cAUNuIMmtIDBCJ7hFd6c1Hlx3p2PeWvJKWYO4Q+czx9Va4+S</latexit>⇢

SO(1,1) breaking:

=> pole inflation with “shifted” pole:

[HML, PRL 2025]



Conformal reheating
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HI=1010GeV, αH=0.01

• Reheating is necessary for Big Bang 
Nucleosynthesis.

SO(1,4)→SO(4):

Reheating as in Higgs/PQ pole inflation:

“radiation-like”

-20-

<latexit sha1_base64="dt7nauQhxoY+HfgQG1U6QslL6Fs=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUl8b5SCG5cV7AOaECbTSTt08mBmopaQX3HjQhG3/og7/8Zpm4W2HrhwOOde7r3HTziTyrK+jdLS8srqWnm9srG5tb1j7lbbMk4FoS0S81h0fSwpZxFtKaY47SaC4tDntOOPbiZ+54EKyeLoXo0T6oZ4ELGAEay05JnVR89JJLtyAoFJZufZSe6ZNatuTYEWiV2QGhRoeuaX049JGtJIEY6l7NlWotwMC8UIp3nFSSVNMBnhAe1pGuGQSjeb3p6jQ630URALXZFCU/X3RIZDKcehrztDrIZy3puI/3m9VAWXbsaiJFU0IrNFQcqRitEkCNRnghLFx5pgIpi+FZEh1ikoHVdFh2DPv7xI2sd1+7x+dndaa1wXcZRhHw7gCGy4gAbcQhNaQOAJnuEV3ozceDHejY9Za8koZvbgD4zPHwJYlGw=</latexit>

wω =
1

3

<latexit sha1_base64="k82R/1k06SsDavWLfUcIMZkTyjw=">AAACCHicbVDLSgMxFM3UV62vUZcuDBbBjWWm1MdGKYjQZQX7gHY6ZDJpG5rMDElGKNMu3fgrblwo4tZPcOffmLaz0NYDgcM593BzjxcxKpVlfRuZpeWV1bXsem5jc2t7x9zdq8swFpjUcMhC0fSQJIwGpKaoYqQZCYK4x0jDG9xM/MYDEZKGwb0aRsThqBfQLsVIack1D+vu7VWb6YCP3AocVUad0invFFNedM28VbCmgIvETkkepKi65lfbD3HMSaAwQ1K2bCtSToKEopiRca4dSxIhPEA90tI0QJxIJ5keMobHWvFhNxT6BQpO1d+JBHEph9zTkxypvpz3JuJ/XitW3UsnoUEUKxLg2aJuzKAK4aQV6FNBsGJDTRAWVP8V4j4SCCvdXU6XYM+fvEjqxYJ9Xji7K+XL12kdWXAAjsAJsMEFKIMKqIIawOARPINX8GY8GS/Gu/ExG80YaWYf/IHx+QM/sZg1</latexit>

VE = ωH |H|4 →m
2
H
|H|2

<latexit sha1_base64="PklTODUWaBp/hrxIpSTaf4V6evc=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRKJj41SEKHLCvYBTRomk0k7OHk4MxFK2h9x46+4caGICzfi3zhtg2jrgYHDOfdw5x4vYVRIw/jSCguLS8srxdXS2vrG5pa+vdMUccoxaeCYxbztIUEYjUhDUslIO+EEhR4jLe/2cuy37gkXNI5u5CAhToh6EQ0oRlJJrm413Stb0JDcQZupmI/c2rA27FrndsARzsxRZo1+HGgngnYtVy8bFWMCOE/MnJRBjrqrf9h+jNOQRBIzJETHNBLpZIhLihkZlexUkAThW9QjHUUjFBLhZJPrRvBAKT4MYq5eJOFE/Z3IUCjEIPTUZIhkX8x6Y/E/r5PK4MzJaJSkkkR4uihIGZQxHFcFfcoJlmygCMKcqr9C3EeqFakKLakSzNmT50nzqGKeVI6vrXL1Iq+jCPbAPjgEJjgFVVADddAAGDyAJ/ACXrVH7Vl7096nowUtz+yCP9A+vwHmSqHM</latexit>

VE → ωH |H|4 =
1

4
ωHε

4



Weyl photon dark matter
• Weyl photon dark matter is produced by freeze-in 

during or after reheating.

-21-

<latexit sha1_base64="TY0ocrMqB+YARuhy38fIrj9B1+0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVq56k4KXHKv3CdinZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+G7mt5+o0iySDTOJqS/wULKQEWys9Njopz0l0ENt2i+W3LI7B1olXkZKkKHeL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84ik6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhDd+ymScGCrJYlGYcGQiNHsfDZiixPCJJZgoZm9FZIQVJsaGVLAheMsvr5LWRdm7KlfuL0vV2yyOPJzAKZyDB9dQhRrUoQkEJDzDK7w52nlx3p2PRWvOyWaO4Q+czx8ORZCE</latexit>

TRH

<latexit sha1_base64="Oq/OAzmCDK0H8OtfRpIqeYY4WYw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidpKAF48RzQLJEHo6PUmTXobuHiUM+QQvHhTx6hd582/sJHPQ6IOCx3tVVNWLEs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0PfVbD1QbpuS9HSc0FHggWcwItk66E73HXrniV/0Z0F8S5KQCOeq98me3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGanTtCRU/ooVtqVtGim/pzIsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+jfqM02J5WNHMNHM3YrIEGtMrEun5EIIFl/+S5on1eC8enZ7Wqld5XEU4QAO4RgCuIAa3EAdGkBgAE/wAq8e9569N+993lrw8pl9+AXv4xtnEo3h</latexit>mw

<latexit sha1_base64="gaYPxLGNJXgXFmDfdeuhz13Denc=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidpKAF48RzIKZIfR0OkmT7p6hFyEM+QsvHhTx6t9482/sJHPQxAcFj/eqqKoXp5xp4/vfXmFldW19o7hZ2tre2d0r7x80dWIVoQ2S8ES1Y6wpZ5I2DDOctlNFsYg5bcWj26nfeqJKs0Q+mHFKI4EHkvUZwcZJj8NuFgobSjvplit+1Z8BLZMgJxXIUe+Wv8JeQqyg0hCOte4EfmqiDCvDCKeTUmg1TTEZ4QHtOCqxoDrKZhdP0IlTeqifKFfSoJn6eyLDQuuxiF2nwGaoF72p+J/XsaZ/HWVMptZQSeaL+pYjk6Dp+6jHFCWGjx3BRDF3KyJDrDAxLqSSCyFYfHmZNM+qwWX14v68UrvJ4yjCERzDKQRwBTW4gzo0gICEZ3iFN097L9679zFvLXj5zCH8gff5A/yJkSA=</latexit>

hµ⌫

<latexit sha1_base64="FgB+GqmO4Ls7d75EoDLUf1/ey/I=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbicJePEiRDQLZMbQ0+lJmnT3DN09ShjyH148KOLVf/Hm39hZDpr4oODxXhVV9cKEM21c99vJLSwuLa/kVwtr6xubW8XtnbqOU0VojcQ8Vs0Qa8qZpDXDDKfNRFEsQk4bYf9q5DceqdIslvdmkNBA4K5kESPYWOnBT3rsCGW+EujuZtgultyyOwaaJ96UlGCKarv45XdikgoqDeFY65bnJibIsDKMcDos+KmmCSZ93KUtSyUWVAfZ+OohOrBKB0WxsiUNGqu/JzIstB6I0HYKbHp61huJ/3mt1EQXQcZkkhoqyWRRlHJkYjSKAHWYosTwgSWYKGZvRaSHFSbGBlWwIXizL8+T+nHZOyuf3p6UKpfTOPKwB/twCB6cQwWuoQo1IKDgGV7hzXlyXpx352PSmnOmM7vwB87nD5Bckeg=</latexit>

�, SM

<latexit sha1_base64="FgB+GqmO4Ls7d75EoDLUf1/ey/I=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbicJePEiRDQLZMbQ0+lJmnT3DN09ShjyH148KOLVf/Hm39hZDpr4oODxXhVV9cKEM21c99vJLSwuLa/kVwtr6xubW8XtnbqOU0VojcQ8Vs0Qa8qZpDXDDKfNRFEsQk4bYf9q5DceqdIslvdmkNBA4K5kESPYWOnBT3rsCGW+EujuZtgultyyOwaaJ96UlGCKarv45XdikgoqDeFY65bnJibIsDKMcDos+KmmCSZ93KUtSyUWVAfZ+OohOrBKB0WxsiUNGqu/JzIstB6I0HYKbHp61huJ/3mt1EQXQcZkkhoqyWRRlHJkYjSKAHWYosTwgSWYKGZvRaSHFSbGBlWwIXizL8+T+nHZOyuf3p6UKpfTOPKwB/twCB6cQwWuoQo1IKDgGV7hzXlyXpx352PSmnOmM7vwB87nD5Bckeg=</latexit>

�, SM

<latexit sha1_base64="Oc3l6Cr6hRiEMyw5IsfHX3HXYqY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr5MUvHisYNpCG8pmu2mX7m7C7kYpob/BiwdFvPqDvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0srq2vlHerGxt7+zuVfcPWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Db3249UaRbLBzNJaCDwULKIEWys5D/1eyLtV2tu3Z0BLROvIDUo0OxXv3qDmKSCSkM41rrruYkJMqwMI5xOK71U0wSTMR7SrqUSC6qDbHbsFJ1YZYCiWNmSBs3U3xMZFlpPRGg7BTYjvejl4n9eNzXRdZAxmaSGSjJfFKUcmRjln6MBU5QYPrEEE8XsrYiMsMLE2HwqNgRv8eVl0jqre5f1i/vzWuOmiKMMR3AMp+DBFTTgDprgAwEGz/AKb450Xpx352PeWnKKmUP4A+fzB/CcjsY=</latexit>wµ

<latexit sha1_base64="Oc3l6Cr6hRiEMyw5IsfHX3HXYqY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr5MUvHisYNpCG8pmu2mX7m7C7kYpob/BiwdFvPqDvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0srq2vlHerGxt7+zuVfcPWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Db3249UaRbLBzNJaCDwULKIEWys5D/1eyLtV2tu3Z0BLROvIDUo0OxXv3qDmKSCSkM41rrruYkJMqwMI5xOK71U0wSTMR7SrqUSC6qDbHbsFJ1YZYCiWNmSBs3U3xMZFlpPRGg7BTYjvejl4n9eNzXRdZAxmaSGSjJfFKUcmRjln6MBU5QYPrEEE8XsrYiMsMLE2HwqNgRv8eVl0jqre5f1i/vzWuOmiKMMR3AMp+DBFTTgDprgAwEGz/AKb450Xpx352PeWnKKmUP4A+fzB/CcjsY=</latexit>wµInstantaneous reheating

Ωwh2=0.12
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<latexit sha1_base64="gh/0lbsB5AgfadVhcm/5k5XivOY=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJxNdKCm7cCBXsA5oQJtPbduhMEmcmSgnZ+CtuXCji1s9w5984fSy09cCFwzn3cu89YcKZ0o7zbc3NLywuLRdWiqtr6xub9tZ2XcWppFCjMY9lMyQKOIugppnm0EwkEBFyaIT9q6HfeACpWBzd6UECviDdiHUYJdpIgb0rgkdPMQH32HW8o8yTAt9APQ/sklN2RsCzxJ2QEpqgGthfXjumqYBIU06UarlOov2MSM0oh7zopQoSQvukCy1DIyJA+dnogRwfGKWNO7E0FWk8Un9PZEQoNRCh6RRE99S0NxT/81qp7lz4GYuSVENEx4s6Kcc6xsM0cJtJoJoPDCFUMnMrpj0iCdUms6IJwZ1+eZbUj8vuWfn09qRUuZzEUUB7aB8dIhedowq6RlVUQxTl6Bm9ojfryXqx3q2PceucNZnZQX9gff4AiQGVuQ==</latexit>

mw ' 10MeV=> DM mass:
[HML, PRL 2025]

during 
reheating

after reheating

<latexit sha1_base64="jU3I5rOv+wPAnijWC7T18+lnciM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr5MUvHisYG2hCWWz3aZLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnZAaLoXiLRQoeSfVnMah5O1wdDv1209cG5GoBxynPIhppMRAMIpWavuhiCJ/0qvW3Lo7A1kmXkFqUKDZq375/YRlMVfIJDWm67kpBjnVKJjkk4qfGZ5SNqIR71qqaMxNkM/OnZATq/TJING2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XjfDwXWQC5VmyBWbLxpkkmBCpr+TvtCcoRxbQpkW9lbChlRThjahig3BW3x5mTye1b3L+sX9ea1xU8RRhiM4hlPw4AoacAdNaAGDETzDK7w5qfPivDsf89aSU8wcwh84nz9Yc4+U</latexit>}

DM abundance:

Weyl photons



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 (Weyl photon). 


