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Beyond the Standard model
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There are several unsolved problems in the standard model (SM):

Unsolved phenomena Anomaly or excess

-  Dark matter (DM)

-  Neutrino mass
-  Baryon asymmetry 

-  W boson mass in CDF
-  muon g-2
-  XENON1T excess

Mystery of the Higgs sector 

-  …-  …

-  Numbers of Higgs fields
-  Symmetry 

-  The relation with BSM phenomena and anomaly
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There are several unsolved problems in the standard model (SM):

Unsolved phenomena Anomaly or excess

-  Dark matter (DM)

-  Neutrino mass
-  Baryon asymmetry 

-  W boson mass in CDF
-  muon g-2
-  XENON1T excess

Mystery of the Higgs sector 

-  …-  …

-  Numbers of Higgs fields
-  Symmetry 

-  The relation with BSM phenomena and anomaly

Higgs sector
Our study:

Axion
DM

XENON1T excess

Correlation

( not QCD axion )
<latexit sha1_base64="Z1JVqW4nGadizyEFKv+DUgY+970=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JO8X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJb/yMyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSatW9a6qF/eXlXotj6MIJ3AK5+DBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP0p/jcM=</latexit>3 <latexit sha1_base64="4mOA8sp3A2+w2aNtD3cPPOQM7jY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXISQ1Oey4qbLCvYBbQyT6aQdOpmEmYlQQtz4K25cKOLWv3Dn3zh9LLT1wIXDOfdy7z1BwqhUjvNtFJaWV1bXiuuljc2t7R1zd68p41Rg0sAxi0U7QJIwyklDUcVIOxEERQEjrWB4M/ZbD0RIGvM7NUqIF6E+pyHFSGnJNw8GfuZWznML1qxrq3afdZMot2zb9s2yYzsTwEXizkgZzFD3za9uL8ZpRLjCDEnZcZ1EeRkSimJG8lI3lSRBeIj6pKMpRxGRXjb5IIfHWunBMBa6uIIT9fdEhiIpR1GgOyOkBnLeG4v/eZ1UhVdeRnmSKsLxdFGYMqhiOI4D9qggWLGRJggLqm+FeIAEwkqHVtIhuPMvL5JmxXYv7NPbs3K1MoujCA7BETgBLrgEVVADddAAGDyCZ/AK3own48V4Nz6mrQVjNrMP/sD4/AEDL5Sk</latexit>

h125, H,A,H
±
, ...

<latexit sha1_base64="zlQRS5j2Tjuv9gtbZhnkmUTKytQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9q+pF87JSr+VxFOEETuEcPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHwSmM3Q==</latexit>a
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XENON1T excess [1/2]
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[XENON1T, 2006.09721]

• XENON 1T reported excess for electron recoil 
data in few keV region (2-3keV). 

• Solar axions are produced through . 
Preferred parameter regions to explain the excess are 
evaluated. 

<latexit sha1_base64="oKtYrJ87x0mXTLKC6omJiGcHNyk=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBRSkzKupKCm5cVrAPaEu5k6ZtaJIZkoxQhgE3/oobF4q49Sfc+Tdm2i609UDIyTn3cnNPEHGmjed9O7ml5ZXVtfx6YWNza3vH3d2r6zBWhNZIyEPVDEBTziStGWY4bUaKggg4bQSjm8xvPFClWSjvzTiiHQEDyfqMgLFS1z0YdBOgaSm72gMQAtISzh4y7bpFr+xNgBeJPyNFNEO16361eyGJBZWGcNC65XuR6SSgDCOcpoV2rGkEZAQD2rJUgqC6k0x2SPGxVXq4Hyp7pMET9XdHAkLrsQhspQAz1PNeJv7ntWLTv+okTEaxoZJMB/Vjjk2Is0BwjylKDB9bAkQx+1dMhqCAGBtbwYbgz6+8SOqnZf+ifHZ3Xqxcz+LIo0N0hE6Qjy5RBd2iKqohgh7RM3pFb86T8+K8Ox/T0pwz69lHf+B8/gD43Je6</latexit>gae, ga� , gan

→  There is negative correlation between  and . 
<latexit sha1_base64="uwwNgL151nkaDXHraIlPVBWU9cw=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyqqCcJePEYwZjAZgm9k9lkyDyWmVkhLPkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf/g0ahME9oiiivdicFQziRtWWY57aSagog5bcej26nffqLaMCUf7DilkYCBZAkjYJ0UDno5dAcgBEx61Zpf92fAyyQoSA0VaPaqX92+Ipmg0hIOxoSBn9ooB20Z4XRS6WaGpkBGMKChoxIENVE+O3mCT5zSx4nSrqTFM/X3RA7CmLGIXacAOzSL3lT8zwszm1xHOZNpZqkk80VJxrFVePo/7jNNieVjR4Bo5m7FZAgaiHUpVVwIweLLy+TxrB5c1s/vL2qNmyKOMjpCx+gUBegKNdAdaqIWIkihZ/SK3jzrvXjv3se8teQVM4foD7zPH4iAkWo=</latexit>ga�

<latexit sha1_base64="hPYWjyoUKii3TLZpfnVBprxZtC4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6kkKXjxWsB/QhrLZTtq1m92wuxFK6H/w4kERr/4fb/4bt20O2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2DppapotigkkvVDolGzgQ2DDMc24lCEoccW+Hoduq3nlBpJsWDGScYxGQgWMQoMVZqDnoZwUmvXPGq3gzuMvFzUoEc9V75q9uXNI1RGMqJ1h3fS0yQEWUY5TgpdVONCaEjMsCOpYLEqINsdu3EPbFK342ksiWMO1N/T2Qk1noch7YzJmaoF72p+J/XSU10HWRMJKlBQeeLopS7RrrT190+U0gNH1tCqGL2VpcOiSLU2IBKNgR/8eVl0jyr+pfV8/uLSu0mj6MIR3AMp+DDFdTgDurQAAqP8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwDArI8+</latexit>gae

• Interpretations as New Physics

-  Solar axion
-  Bosonic DM (axion, dark photon)

→  The preferred parameter regions are already excluded 
Astropyical obseravations.

[From slide of Kazama-san in ppp2020]

Bosonic DM may accommodate the excess.
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[XENON1T, 2006.09721]

[From slide of Kazama-san in ppp2020]

• Preferred value of axion coupling:

We need to consider if we can have the axion 
with the mass of O(1) keV and gae~10-14 

<latexit sha1_base64="ZZyRbKypJbr+74K1ZLFxsxbxIYk=">AAACHXicbVA9SwNBEN3z2/gVtbRZDIqN4U6DWgZtLBWMCrl4zG3m4uLu3rG7J4Tj/oiNf8XGQhELG/HfuIkp/How8Hhvhpl5cSa4sb7/4Y2NT0xOTc/MVubmFxaXqssr5ybNNcMWS0WqL2MwKLjCluVW4GWmEWQs8CK+ORr4F7eoDU/Vme1n2JHQUzzhDKyTomqjFxWAWG6Ghssw0cAKGWFZJBGUNFSphR4Nw8rQpoF/VWwHjTKq1vy6PwT9S4IRqZERTqLqW9hNWS5RWSbAmHbgZ7ZTgLacCSwrYW4wA3YDPWw7qkCi6RTD70q64ZQuTVLtSlk6VL9PFCCN6cvYdUqw1+a3NxD/89q5TQ46BVdZblGxr0VJLqhN6SAq2uUamRV9R4Bp7m6l7BpcRNYFWnEhBL9f/kvOd+rBXn33tFFrHo7imCFrZJ1skYDskyY5JiekRRi5Iw/kiTx7996j9+K9frWOeaOZVfID3vsnSBqhWQ==</latexit>

gaee ⇠
me

fa
⇠ 10�14



/35

Canonical axion case
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<latexit sha1_base64="+JyNSaA/SPYFWWDz9XDeZcJN/wo="></latexit>

fa ⇠ ↵

8⇡

1

ga��

' 1⇥ 1015GeV

✓
10�19GeV�1

ga��

◆

<latexit sha1_base64="fsbTVz3kws5eyXir/H+2+PvZp0I=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIoXw66Kj5voxaOCUSEbl95JbxycmV1nZoWw7Kd48Ve8eFBEb/o1TmIOvgoaiqpuurviTHBjff/dGxoeGR0bn5isTE3PzM5V5xfOTJprhg2WilRfxGBQcIUNy63Ai0wjyFjgeXx92PPPb1EbnqpT282wJaGjeMIZWCdF1Z1OVABiuRoaLsNEAytkhGWRRFDSUKUWOjQMK7Tv403gXxbrwV5Ziao1v+73Qf+SYEBqZIDjqPoWtlOWS1SWCTCmGfiZbRWgLWcCy0qYG8yAXUMHm44qkGhaRf/Bkq44pU2TVLtSlvbV7xMFSGO6MnadEuyV+e31xP+8Zm6T3VbBVZZbVOxrUZILalPaS4u2uUZmRdcRYJq7Wym7ApeSdZn2Qgh+v/yXnG3Ug+365slWbf9gEMcEWSLLZI0EZIfskyNyTBqEkTvyQJ7Is3fvPXov3utX65A3mFkkP+B9fAJNn6Jc</latexit>

gaee ⇠
me

fa
' 10�19

This is too small for the required value of the XENON1T excess  

[arXiv:2103.13241]

<latexit sha1_base64="YOzODcz0NZIM/hOBnBZTgxDrq/M="></latexit>

L = �ga��
4

aFµ⌫ F̃
µ⌫

<latexit sha1_base64="88SX1ZKhath7Vv4Muhkyf2/UINE=">AAACK3icbVDLTsJAFJ3iC/FVdemmkZi4Ii0adUlg4xITARNKmtthChNm2jozJSFN/8eNv+JCFz7i1v9wgMYoeJKZnJxzbmbu8WNGpbLtd6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgk7nyQhNGQtBRVjNzFggD3Gen4o8bU74yJkDQKb9UkJj0Og5AGFIPSkmfWB14K7gA4z+/MJfcJHbuBAJy6wOIhZGnVjWk2lxo/+SxLAw+ykmeW7Yo9g7VMnJyUUY6mZz67/QgnnIQKM5Cy69ix6qUgFMWMZCU3kSQGPIIB6WoaAieyl852zawTrfStIBL6hMqaqb8nUuBSTrivkxzUUC56U/E/r5uo4KqX0jBOFAnx/KEgYZaKrGlxVp8KghWbaAJYUP1XCw9BV6J0vdMSnMWVl0m7WnEuKmc35+VaPa+jiI7QMTpFDrpENXSNmqiFMHpAT+gVvRmPxovxYXzOowUjnzlEf2B8fQO58qnN</latexit>

ga�� ⌘ ↵

2⇡

Ca�

fa

<latexit sha1_base64="UMhDvHWsvP4gGtK/3Xy591ISa7I=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkpSRb0IhV48VrAf0IYw2W7apbtJ2N0USug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84KEM6Ud59sqbGxube8Ud0t7+weHR/bxSVvFqSS0RWIey24AinIW0ZZmmtNuIimIgNNOMG7M/c6ESsXi6ElPE+oJGEYsZAS0kXzbrjT8DHB/CELA7N699O2yU3UWwOvEzUkZ5Wj69ld/EJNU0EgTDkr1XCfRXgZSM8LprNRPFU2AjGFIe4ZGIKjyssXlM3xhlAEOY2kq0nih/p7IQCg1FYHpFKBHatWbi/95vVSHd17GoiTVNCLLRWHKsY7xPAY8YJISzaeGAJHM3IrJCCQQbcIqmRDc1ZfXSbtWdW+qV4/X5Xotj6OIztA5qiAX3aI6ekBN1EIETdAzekVvVma9WO/Wx7K1YOUzp+gPrM8f4pWSfA==</latexit>

(Ca� = 1)

Sensitivity of eROSITA 
(future X-ray observatory)
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Anomaly-free axion[1/3]
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• It does not has the anomalous  photon coupling: 

• It can be orignated from the SSB of U(1)F .

• fa can be O(1010-12)GeV while keeping the mass keV scale.

<latexit sha1_base64="PmOYz2GWqg5lfiAyiJ8J7fCdRQw="></latexit>

ga�� ' ↵

48⇡

qe
fa

m2
a

m2
e

' 1⇥ 10�19
⇣qe
3

⌘✓
2⇥ 1010GeV

fa

◆⇣ ma

2keV

⌘2

This can evade constraint from the X-ray. 

[K. Nakayama, F. Takahashi, T. Yanagida, Phys.Lett.B 734 (2014) 178]

0

<latexit sha1_base64="RwIfhzhkF44rCuM4kJj0UedaB34=">AAACDHicdVDLSgMxFM3UV62vqks3wSK4KpMqfQhCQRCXClYLnXHIpGkbmmSGJCOUYT7Ajb/ixoUibv0Ad/6NGa2gogcCh3PO5eaeMOZMG9d9cwozs3PzC8XF0tLyyupaeX3jQkeJIrRDIh6pbog15UzSjmGG026sKBYhp5fh+Cj3L6+p0iyS52YSU1/goWQDRrCxUlCuHIoAX9XwcZB6IvFkknmG8T5Nj7OrL8Wm3KrrugghmBPUqLuWtFrNGmpClFsWFTDFaVB+9foRSQSVhnCsdQ+5sfFTrAwjnGYlL9E0xmSMh7RnqcSCaj/9OCaDO1bpw0Gk7JMGfqjfJ1IstJ6I0CYFNiP928vFv7xeYgZNP2UyTgyV5HPRIOHQRDBvBvaZosTwiSWYKGb/CskIK0yM7a9kS/i6FP5PLmpVVK/une1X2gfTOopgC2yDXYBAA7TBCTgFHUDADbgDD+DRuXXunSfn+TNacKYzm+AHnJd37FicMw==</latexit>

= m2
aaFµ⌫ F̃

µ⌫

( If                       )<latexit sha1_base64="S8Ysstdtop8oSvlyAUdxGuVrMdo=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIglASLepGKLhxWcE+oA1hMp22Q2cm6TyEErPwV9y4UMStv+HOv3GaZqGtBy73cM69zJ0TxpRI5brfVmFpeWV1rbhe2tjc2t6xd/eaMtIC4QaKaCTaIZSYEo4biiiK27HAkIUUt8LRzdRvPWAhScTv1STGPoMDTvoEQWWkwD4YB/h0HCRdptOsK6jTazewy27FzeAsEi8nZZCjHthf3V6ENMNcIQql7HhurPwECkUQxWmpqyWOIRrBAe4YyiHD0k+y+1Pn2Cg9px8JU1w5mfp7I4FMygkLzSSDaijnvan4n9fRqn/lJ4THWmGOZg/1NXVU5EzDcHpEYKToxBCIBDG3OmgIBUTKRFYyIXjzX14kzbOKd1E5v6uWa9U8jiI4BEfgBHjgEtTALaiDBkDgETyDV/BmPVkv1rv1MRstWPnOPvgD6/MHzg+V7Q==</latexit>

qe + qµ + q⌧ = 0
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Anomaly-free axion[2/3]
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• Axion can be produced  by the so-called misalignmet mechanism.

• It can be a good candidate for DM with the mass of order keV.

Other features of anomaly-free axion.

<latexit sha1_base64="LAMTYCZFx4lBdZckSbvIQnU/aew="></latexit>

�(a ! ��) ' ↵2

9216⇡3

m7
a

f2
a

q4e
m4

e

In the intermediate scale, the observed relic 
density can be satsfied without fintiuning of θi .

<latexit sha1_base64="2xHqiszo9mk/DU8f0GKSp+gwaws=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGlf9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa1a1buqXtxfVuq1PI4inMApnIMH11CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AEgIo/8</latexit>

✓i

<latexit sha1_base64="mE7bkys0K8dthA20+MPt4E0VKSo="></latexit>

⌦ah
2 ⇠ 0.12

✓
✓i
2

◆2 ⇣qe
4

⌘2
✓

fa/qe
1010GeV

◆

<latexit sha1_base64="3gWfhPjDd8p2gUi+0Tduy9U8sGo=">AAAB9HicdVDLSsNAFJ34rPVVdelmsAiuQtJIH7uCmy4r2Ae0oUymN+3QmSTOTAol9DvcuFDErR/jzr9x+hBU9MCFwzn3cu89QcKZ0o7zYW1sbm3v7Ob28vsHh0fHhZPTtopTSaFFYx7LbkAUcBZBSzPNoZtIICLg0AkmNwu/MwWpWBzd6VkCviCjiIWMEm0kv9HnoJRiAosBGRSKju3USiWvjB3b9aqVmmdI1fUMxa7tLFFEazQHhff+MKapgEhTTpTquU6i/YxIzSiHeb6fKkgInZAR9AyNiADlZ8uj5/jSKEMcxtJUpPFS/T6REaHUTASmUxA9Vr+9hfiX10t1WPUzFiWphoiuFoUpxzrGiwTwkEmgms8MIVQycyumYyIJ1SanvAnh61P8P2mXbLdse7fXxXppHUcOnaMLdIVcVEF11EBN1EIU3aMH9ISeran1aL1Yr6vWDWs9c4Z+wHr7BPzCkjg=</latexit>

H . ma

<latexit sha1_base64="eN9co7KJULXCLWdElE7+QMRfwOM=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4GmYykuUiAS85RjALJEPo6fQkrb0M3T1CGPIPXjwo4tX/8ebf2FkEFX1Q8Hiviqp6UcKoNp734eTW1jc2t/LbhZ3dvf2D4uFRR8tUYdLGkknVi5AmjArSNtQw0ksUQTxipBvdXc397j1RmkpxY6YJCTkaCxpTjIyVOs1LyIdoWCx5rlcvl4MK9Fw/qFXrgSU1P7AU+q63QAms0BoW3wcjiVNOhMEMad33vcSEGVKGYkZmhUGqSYLwHRqTvqUCcaLDbHHtDJ5ZZQRjqWwJAxfq94kMca2nPLKdHJmJ/u3Nxb+8fmriWphRkaSGCLxcFKcMGgnnr8MRVQQbNrUEYUXtrRBPkELY2IAKNoSvT+H/pFN2/YobXF+UGuVVHHlwAk7BOfBBFTRAE7RAG2BwCx7AE3h2pPPovDivy9acs5o5Bj/gvH0CJmqO1A==</latexit>

H > ma
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Anomaly-free axion[3/3]
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• It can be tested by future X-ray experiments 
such as ATHENA if ma is relatively large.

• It can explain the excess for the electron recoil 
events reported by the XENON1T.

Favored region for 
XENON 1T excess

 [F. Takahashi, M. Yamada, W. Yin,  
Phys.Rev.Lett. 125 (2020) 161801]

• If axion constitutes O(10)% of DM, it can 
accommodate aslo cooling anomaly. 
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In this talk
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We consider the thrree Higgs doublet models with the U(1)F symmetry. 

These properties of the anomaly free-axion have been surveyed with the effective 
lagrangian for the axion in previous works.  

Open questions:

We inestigate the viable parameter space to explain to XENON1T excess 
for this model. 

We also disucss how the axion with keV mass and the heavy additional 
Higgs booss correlates

This talk:

Higgs sector Axion
DM

XENON1T excess

Correlation

( not QCD axion )
<latexit sha1_base64="Z1JVqW4nGadizyEFKv+DUgY+970=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JO8X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJb/yMyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSatW9a6qF/eXlXotj6MIJ3AK5+DBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP0p/jcM=</latexit>3 <latexit sha1_base64="4mOA8sp3A2+w2aNtD3cPPOQM7jY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXISQ1Oey4qbLCvYBbQyT6aQdOpmEmYlQQtz4K25cKOLWv3Dn3zh9LLT1wIXDOfdy7z1BwqhUjvNtFJaWV1bXiuuljc2t7R1zd68p41Rg0sAxi0U7QJIwyklDUcVIOxEERQEjrWB4M/ZbD0RIGvM7NUqIF6E+pyHFSGnJNw8GfuZWznML1qxrq3afdZMot2zb9s2yYzsTwEXizkgZzFD3za9uL8ZpRLjCDEnZcZ1EeRkSimJG8lI3lSRBeIj6pKMpRxGRXjb5IIfHWunBMBa6uIIT9fdEhiIpR1GgOyOkBnLeG4v/eZ1UhVdeRnmSKsLxdFGYMqhiOI4D9qggWLGRJggLqm+FeIAEwkqHVtIhuPMvL5JmxXYv7NPbs3K1MoujCA7BETgBLrgEVVADddAAGDyCZ/AK3own48V4Nz6mrQVjNrMP/sD4/AEDL5Sk</latexit>

h125, H,A,H
±
, ...

<latexit sha1_base64="zlQRS5j2Tjuv9gtbZhnkmUTKytQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9q+pF87JSr+VxFOEETuEcPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHwSmM3Q==</latexit>a

UV complete model ?

?
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●  We parameterize U(1)F charge for the leptons as follows:

( Anomolous photon 
coupling is zero      )

<latexit sha1_base64="eWCytZpDfHfnDtBfc6V1akSc8dE=">AAAB+nicbZDLSsNAFIZPvNZ4S3XpZrAoQqUkKtWNUHDjsoK9QBPKZDJph04uzEyUUvsoblwo4tYncefbOG2z0NYfBj7+cw7nzO+nnEll29/G0vLK6tp6YcPc3Nre2bWKe02ZZILQBkl4Ito+lpSzmDYUU5y2U0Fx5HPa8gc3k3rrgQrJkvheDVPqRbgXs5ARrLTVtYq47B9f26fIdU1SDjR2rZJdsadCi+DkUIJc9a715QYJySIaK8KxlB3HTpU3wkIxwunYdDNJU0wGuEc7GmMcUemNpqeP0ZF2AhQmQr9Yoan7e2KEIymHka87I6z6cr42Mf+rdTIVXnkjFqeZojGZLQozjlSCJjmggAlKFB9qwEQwfSsifSwwUTotU4fgzH95EZpnFadaOb+7KNWqeRwFOIBDOAEHLqEGt1CHBhB4hGd4hTfjyXgx3o2PWeuSkc/swx8Znz9G5pFl</latexit>

a+ b = 0,

c+ d = 0

●  To have Yukawa interaction, we introduce Higgs doublet fields:

<latexit sha1_base64="Vd03RSProflXDx3L5pFx8zYrBkA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZJG+tgV3LhswT6gDWUyvWnHTiZhZiKU0C9w40IRt36SO//G6UNQ0QMXDufcy733BAlnSjvOh5Xb2Nza3snvFvb2Dw6PiscnHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMrxd+9x6kYrG41bME/IiMBQsZJdpILRgWS47t1Mtlr4Id2/Vq1bpnSM31DMWu7SxRQms0h8X3wSimaQRCU06U6rtOov2MSM0oh3lhkCpICJ2SMfQNFSQC5WfLQ+f4wigjHMbSlNB4qX6fyEik1CwKTGdE9ET99hbiX14/1WHNz5hIUg2CrhaFKcc6xouv8YhJoJrPDCFUMnMrphMiCdUmm4IJ4etT/D/plG23Ynutq1Kjso4jj87QObpELqqiBrpBTdRGFAF6QE/o2bqzHq0X63XVmrPWM6foB6y3T0A4jTg=</latexit>e
<latexit sha1_base64="MJPaNu1ojdYvco+2wKkcch3Yz2M=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0xGstwCXjxGNAskQ+jp9CRNunuG7h4hhHyCFw+KePWLvPk3dhZBRR8UPN6roqpelHKmjed9OGvrG5tb27md/O7e/sFh4ei4pZNMEdokCU9UJ8KaciZp0zDDaSdVFIuI03Y0vpr77XuqNEvknZmkNBR4KFnMCDZWuu2JrF8oeq5XK5WCMvJcP6hWaoElVT+wFPmut0ARVmj0C++9QUIyQaUhHGvd9b3UhFOsDCOczvK9TNMUkzEe0q6lEguqw+ni1Bk6t8oAxYmyJQ1aqN8nplhoPRGR7RTYjPRvby7+5XUzE1fDKZNpZqgky0VxxpFJ0PxvNGCKEsMnlmCimL0VkRFWmBibTt6G8PUp+p+0Sq5fdoOby2K9vIojB6dwBhfgQwXqcA0NaAKBITzAEzw73Hl0XpzXZeuas5o5gR9w3j4B1BqOJQ==</latexit>µ <latexit sha1_base64="e3ufh931J3VsdV9cRm8GVq17ZJo=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZJG+tgV3LisYB/QhjKZTtqhk0mYuRFK6C+4caGIW3/InX/jpK2gogcuHM65l3vvCRLBNTjOh1XY2Nza3inulvb2Dw6PyscnXR2nirIOjUWs+gHRTHDJOsBBsH6iGIkCwXrB7Dr3e/dMaR7LO5gnzI/IRPKQUwK5NASSjsoVx3aa1apXw47teo160zOk4XqGYtd2lqigNdqj8vtwHNM0YhKoIFoPXCcBPyMKOBVsURqmmiWEzsiEDQyVJGLaz5a3LvCFUcY4jJUpCXipfp/ISKT1PApMZ0Rgqn97ufiXN0ghbPgZl0kKTNLVojAVGGKcP47HXDEKYm4IoYqbWzGdEkUomHhKJoSvT/H/pFu13Zrt3V5VWrV1HEV0hs7RJXJRHbXQDWqjDqJoih7QE3q2IuvRerFeV60Faz1zin7AevsEl+mOlw==</latexit>⌧

<latexit sha1_base64="3cBg2qwUqhxhNWuPa1mKLw/HN88=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBFaaEuiUr0IBS8eW7Af0Iaw2W7apZtN2N0USug/8eJBEa/+E2/+G7dtDtr6YODx3gwz8/yYUals+9vY2Nza3tnN7eX3Dw6Pjs2T07aMEoFJC0csEl0fScIoJy1FFSPdWBAU+ox0/PHD3O9MiJA04k9qGhM3RENOA4qR0pJnms0i8WjpvlhB5YpftkueWbCr9gLWOnEyUoAMDc/86g8inISEK8yQlD3HjpWbIqEoZmSW7yeSxAiP0ZD0NOUoJNJNF5fPrEutDKwgErq4shbq74kUhVJOQ193hkiN5Ko3F//zeokK7tyU8jhRhOPloiBhloqseQzWgAqCFZtqgrCg+lYLj5BAWOmw8joEZ/XlddK+qjq16nXzplCvZXHk4BwuoAgO3EIdHqEBLcAwgWd4hTcjNV6Md+Nj2bphZDNn8AfG5w8Fr5FJ</latexit>

Q(ei) = (�a,�b, 0)
<latexit sha1_base64="vP+Ez7CDyaX6tkyr13xU+zlCQ0w=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahhVISlepFKHjx2IKthTaEzWbSLt1swu5GKbU/xYsHRbz6S7z5b9y2OWjrg4HHezPMzPMTRqWy7W8jt7a+sbmV3y7s7O7tH5jFw46MU0GgTWIWi66PJTDKoa2oYtBNBODIZ3Dvj25m/v0DCEljfqfGCbgRHnAaUoKVljyz2Cr3gTGPVq7LpBpU7YpnluyaPYe1SpyMlFCGpmd+9YOYpBFwRRiWsufYiXInWChKGEwL/VRCgskID6CnKccRSHcyP31qnWolsMJY6OLKmqu/JyY4knIc+bozwmool72Z+J/XS1V45U4oT1IFnCwWhSmzVGzNcrACKoAoNtYEE0H1rRYZYoGJ0mkVdAjO8surpHNWc+q189ZFqVHP4sijY3SCyshBl6iBblETtRFBj+gZvaI348l4Md6Nj0VrzshmjtAfGJ8/hXSSMQ==</latexit>

Q(`i) = (c, d, 0)

<latexit sha1_base64="at47sN5q00/hkG0rJaPdBL4V1/Y=">AAACL3icbVBNSwMxFMz6bf2qevQSLIqnsqtSxVNBEA8eVGwVuqVks2/b0GyyJG/FsvQfefGveBFRxKv/wm3toVYHAsPMPF7eBIkUFl331Zmanpmdm19YLCwtr6yuFdc36lanhkONa6nNXcAsSKGghgIl3CUGWBxIuA26pwP/9h6MFVrdYC+BZszaSkSCM8ylVvEMWmLXjwP9kJ3Qa9HuYIepEEIqIUGtbN/3Cz5IOZa6gGgyVGgVS27ZHYL+Jd6IlMgIl63isx9qnsagkEtmbcNzE2xmzKDgEvoFP7WQMN5lbWjkVLEYbDMb3tunO7kS0kib/CmkQ3V8ImOxtb04yJMxw46d9Abif14jxei4mQmVpAiK/yyKUklR00F5NBQGOMpeThg3Iv8r5R1mGMe84kEJ3uTJf0l9v+xVygdXh6VqZVTHAtki22SPeOSIVMk5uSQ1wskjeSZv5N15cl6cD+fzJzrljGY2yS84X9+rfals</latexit>

ei: Righthanded leptons

`i: Lefthanded leptons

a,b,c,d: interger 

<latexit sha1_base64="a605OuVUL7dugyj2bDPU5VsVvgA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahIpRdleqx4KXHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+G7mt5+o0kyKBzOJqR/hoWAhI9hYqVUv4wty3i+W3Io7B1olXkZKkKHRL371BpIkERWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LBY6o9tP5tVN0ZpUBCqWyJQyaq78nUhxpPYkC2xlhM9LL3kz8z+smJrz1UybixFBBFovChCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMGG4C2/vEpalxWvWrm6vy7VqlkceTiBUyiDBzdQgzo0oAkEHuEZXuHNkc6L8+58LFpzTjZzDH/gfP4APhKOOg==</latexit>

H(a+ c)
<latexit sha1_base64="qqpYYir1zrwDBtWGTaJQOBIbwuk=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHlp2VarHgpceK9gPaJeSTbNtaDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305uY3Nreye/W9jbPzg8Kh6ftHWcKEJbJOax6gZYU84EbRlmOO1KRXEUcNoJJvdzv/NElWaxeDRTSf0IjwQLGcHGSp1GuYIr5HJQLLlVdwG0TryMlCBDc1D86g9jkkRUGMKx1j3PlcZPsTKMcDor9BNNJSYTPKI9SwWOqPbTxbkzdGGVIQpjZUsYtFB/T6Q40noaBbYzwmasV725+J/XS0x456dMyMRQQZaLwoQjE6P572jIFCWGTy3BRDF7KyJjrDAxNqGCDcFbfXmdtK+qXq16/XBTqteyOPJwBudQBg9uoQ4NaEILCEzgGV7hzZHOi/PufCxbc042cwp/4Hz+AKtkjnM=</latexit>

H(�a� c)
<latexit sha1_base64="D3p49w52EbwEnTSdq4oij77Zngo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquSvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpGbVvRyWK27NXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSuap59dr1w02lUc/jKMIZnEMVPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kD0BaNZw==</latexit>

H(0)

( If c=1   )

<latexit sha1_base64="H68Sc0N3U4iVWLJv92HZU/o3HEs=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASLILSGpEp1IxTcuKxgH9CGMplO2qGTSZiZCKW0C3/FjQtF3PoZ7vwbp20W2nrgModz7uXOPX7MqFSO821kVlbX1jeym7mt7Z3dPXP/oC6jRGBSwxGLRNNHkjDKSU1RxUgzFgSFPiMNf3A79RuPREga8Qc1jIkXoh6nAcVIaaljHqEbpzgpuMXJua5CSb+lom3bHTPv2M4M1jJxU5KHFNWO+dXuRjgJCVeYISlbrhMrb4SEopiRca6dSBIjPEA90tKUo5BIbzQ7YGydaqVrBZHQxZU1U39PjFAo5TD0dWeIVF8uelPxP6+VqODaG1EeJ4pwPF8UJMxSkTVNw+pSQbBiQ00QFlT/1cJ9JBBWOrOcDsFdPHmZ1Eu2W7Yv7i/zlXIaRxaO4QTOwIUrqMAdVKEGGMbwDK/wZjwZL8a78TFvzRjpzCH8gfH5A6GZky8=</latexit>

a = 0, + 1, � 1, + 2, � 2, ...

<latexit sha1_base64="e3IE9Z61ITvhqJ+gYKkfct28Nzw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2XXSvUiFLx4rGA/oF1KNs22oUl2SbJCWfoXvHhQxKt/yJv/xmy7B219MPB4b4aZeUHMmTau++0U1tY3NreK26Wd3b39g/LhUVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHKX+Z0nqjSL5KOZxtQXeCRZyAg2mYRvL7xBueJW3TnQKvFyUoEczUH5qz+MSCKoNIRjrXueGxs/xcowwums1E80jTGZ4BHtWSqxoNpP57fO0JlVhiiMlC1p0Fz9PZFiofVUBLZTYDPWy14m/uf1EhPe+CmTcWKoJItFYcKRiVD2OBoyRYnhU0swUczeisgYK0yMjadkQ/CWX14l7cuqV6/WHq4qjXoeRxFO4BTOwYNraMA9NKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AB3jjZo=</latexit>

a = �1 : One Higgs doublet
<latexit sha1_base64="D3p49w52EbwEnTSdq4oij77Zngo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquSvVY8NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpGbVvRyWK27NXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescXVhlhMJI2ZIGLdTfEykWWs9EYDsFNhO96mXif14/MeGdnzIZJ4ZKslwUJhyZCGWPoxFTlBg+swQTxeytiEywwsTYeEo2BG/15XXSuap59dr1w02lUc/jKMIZnEMVPLiFBjShBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kD0BaNZw==</latexit>

H(0)

: Three  Higgs doublet
<latexit sha1_base64="ZpPVkys2DLcKzDHmbQy3sKApRkM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGiV6EgBePEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeqA3lV6x5JbdOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeG1P+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSrJS9avni/rJUq2Zx5OEETuEcPLiCGtxBHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHtXGNZA==</latexit>

a = 2
<latexit sha1_base64="pGxHOm911Mkf2NeNMsDUP18ssOI=">AAAB+nicbVDLTsJAFL3FF+Kr6NJNIzGBREkrBl2SuGGJiTwSaMh0mMKE6bSZmWpIxT9x40Jj3Pol7vwbB+hCwZPcm5Nz7s3cOV7EqFS2/W1k1tY3Nrey27md3b39AzN/2JJhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N76Z+e17IiQN+Z2aRMQN0JBTn2KktNQ38/XieaV09lQvLrpd6psFu2zPYa0SJyUFSNHom1+9QYjjgHCFGZKy69iRchMkFMWMTHO9WJII4TEakq6mHAVEusn89Kl1qpWB5YdCF1fWXP29kaBAykng6ckAqZFc9mbif143Vv61m1AexYpwvHjIj5mlQmuWgzWggmDFJpogLKi+1cIjJBBWOq2cDsFZ/vIqaV2UnWq5cntZqFXTOLJwDCdQBAeuoAZ1aEATMDzAM7zCm/FovBjvxsdiNGOkO0fwB8bnD/hskTM=</latexit>

H(�3), H(3), H(0)

<latexit sha1_base64="/ShQ/IlnCJos8rUB25x+jD3ESlg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBQ1sSleqlUPDisYL9gDSUzWbTLt1swu5GKKX+Cy8eFPHqr/Hmv3Hb5qCtDwYe780wM89POFPatr+t3Nr6xuZWfruws7u3f1A8PGqrOJWEtkjMY9n1saKcCdrSTHPaTSTFkc9pxx/dzvzOI5WKxeJBjxPqRXggWMgI1kZy/XoFl59IvRKU+8WSXbXnQKvEyUgJMjT7xa9eEJM0okITjpVyHTvR3gRLzQin00IvVTTBZIQH1DVU4IgqbzI/eYrOjBKgMJamhEZz9ffEBEdKjSPfdEZYD9WyNxP/89xUhzfehIkk1VSQxaIw5UjHaPY/CpikRPOxIZhIZm5FZIglJtqkVDAhOMsvr5L2RdWpVS/vr0qNWhZHHk7gFM7BgWtowB00oQUEYniGV3iztPVivVsfi9aclc0cwx9Ynz+MTJAY</latexit>

b = �a, c = �d,

← this does not contans extra Higgs

← multi-Higgs doublet

We focus

Off-diagonal components are zero →
<latexit sha1_base64="/BbLmQoG+u9Xsx7qq6VWO0d5hd4=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCylJLX3sCm5cVrC10A4lk2ba0ExmTDJCLfVH3LhQxK2f4s6/MdNWUNEDl3s4515yc/xYcG0Q+nAyK6tr6xvZzdzW9s5u3t3bb+soUZS1aCQi1fGJZoJL1jLcCNaJFSOhL9i1Pz5P/etbpjSP5JWZxMwLyVDygFNirNR386Qn2Q06vZ93SPtuARURQhhjmBJcrSBL6vVaCdcgTi2LAlii2Xffe4OIJiGThgqidRej2HhTogyngs1yvUSzmNAxGbKupZKETHvT+eEzeGyVAQwiZUsaOFe/b0xJqPUk9O1kSMxI//ZS8S+vm5ig5k25jBPDJF08FCQCmgimKcABV4waMbGEUMXtrZCOiCLU2KxyNoSvn8L/SbtUxJXi2WW50Cgv48iCQ3AETgAGVdAAF6AJWoCCBDyAJ/Ds3DmPzovzuhjNOMudA/ADztsnQ5mS0A==</latexit>

a 6= 0, a 6= c
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Three Higgs doublet model with B-L Higgs boson [1/3]  
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• Symmetry
<latexit sha1_base64="g6p3TjziAAv2HkVPi13G4w0Ib4w="></latexit>

SU(2)I ⇥ U(1)Y ⇥ U(1)B�L ⇥ U(1)F
Local Global

U(1)B-L

- The CP-odd compontent is regarded as NGB which is identified as axion.  

- fa can be taken around ~1010 GeV or above. 

- Majorana mass for the righthanded neutrino can be generated by the SSB.

- To introduce B-L Higgs (singlet) boson. 

U(1)F

- Anomaly-free
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• Particle contents and charge assignment of the U(1)F
Higgs doublet B-L Higgs

-   
<latexit sha1_base64="YWvQ2aCknAXoFJf5JdpBERQMx5A=">AAACB3icbZDLSgMxFIYzXmu9jboUJFgEQSgzKiqCUHDjwkUFe4F2GDJppg1NMmOSEcowOze+ihsXirj1Fdz5NqbTCtp6IOTj/88hOX8QM6q043xZM7Nz8wuLhaXi8srq2rq9sVlXUSIxqeGIRbIZIEUYFaSmqWakGUuCeMBII+hfDv3GPZGKRuJWD2LicdQVNKQYaSP59s6dn177JDvI7zZPfkijJLtwfLvklJ284DS4YyiBcVV9+7PdiXDCidCYIaVarhNrL0VSU8xIVmwnisQI91GXtAwKxIny0nyPDO4ZpQPDSJojNMzV3xMp4koNeGA6OdI9NekNxf+8VqLDMy+lIk40EXj0UJgwqCM4DAV2qCRYs4EBhCU1f4W4hyTC2kRXNCG4kytPQ/2w7J6Uj26OS5XzcRwFsA12wT5wwSmogCtQBTWAwQN4Ai/g1Xq0nq03633UOmONZ7bAn7I+vgHJwZk8</latexit>

qLe + qLµ + qL⌧ = 0
<latexit sha1_base64="ykvt3cs4g6iBmCwG93vjoQYUZCs=">AAACB3icbZDLSgMxFIYzXmu9jboUJFgEQSgzKiqCUHDjsoq9QDsMmTTThiaZMckIZejOja/ixoUibn0Fd76NmXYEbT0Q8vH/55CcP4gZVdpxvqyZ2bn5hcXCUnF5ZXVt3d7YrKsokZjUcMQi2QyQIowKUtNUM9KMJUE8YKQR9C8zv3FPpKKRuNWDmHgcdQUNKUbaSL69c+enxL8ZHpi7zZMf0ijDC8e3S07ZGRWcBjeHEsir6tuf7U6EE06Exgwp1XKdWHspkppiRobFdqJIjHAfdUnLoECcKC8d7TGEe0bpwDCS5ggNR+rviRRxpQY8MJ0c6Z6a9DLxP6+V6PDMS6mIE00EHj8UJgzqCGahwA6VBGs2MICwpOavEPeQRFib6IomBHdy5WmoH5bdk/LR9XGpcp7HUQDbYBfsAxecggq4AlVQAxg8gCfwAl6tR+vZerPex60zVj6zBf6U9fEN53KZTg==</latexit>

qeR + qµR + q⌧R = 0<latexit sha1_base64="6ym/CFnf5SEl17tfCLcT1frDIXs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuioqngBePCZgHJCHMTnqTMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13lx8Lro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1fKpRsEl1g03AluxQhr6Apv+6G7qN59QaR7JBzOOsRvSgeQBZ9RYqXbWK5bcsjsDWSZeRkqQodorfnX6EUtClIYJqnXbc2PTTakynAmcFDqJxpiyER1g21JJQ9TddHbohJxYpU+CSNmShszU3xMpDbUeh77tDKkZ6kVvKv7ntRMT3HRTLuPEoGTzRUEiiInI9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo3zsndVvqhdliq3WRx5OIJjOAUPrqEC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AFzPYyw</latexit>, i.e., Anomalous photon coupling vanishes.

-   U(1)B-L charge　QB-L (Si) = +2 , QB-L (φi), QB-L (Lℓ, ℓR) = 0 

<latexit sha1_base64="ktzH4CYl0jQRoumwCB9gwbjYFHU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6iqGXAxsIiQfMByRH2NnPJkr29Y3dPCCE/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWj2acoB/RgeQhZ9RY6aHeu+8VS27ZnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3VKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsb9LnCpkRY0soU9zeStiQKsqMTadgQ/CWX14lzUrZuypf1C9L1UoWRx5O4BTOwYNrqMId1KABDAbwDK/w5gjnxXl3PhatOSebOYY/cD5/APbvjYw=</latexit>

QL
<latexit sha1_base64="UOWr/B/tzMHFBPb34j7G4KNMTGo=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbRqEcSLx7xwSOBDZkdBpgwO7vO9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+84lrIyL1gOOY+yEdKNEXjKKV7h+7d91iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/KT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwalbJ3UT67PS9VK1kceTiCYzgFDy6hCjdQgzowGMAzvMKbI50X5935mLfmnGzmEP7A+fwBMNaNsg==</latexit>qR

<latexit sha1_base64="ZWxdoDWvQEL/QRzCLI4/LTgNChM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IQ3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6V9WL5mWlXsvjKMIJnMI5eHANdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPduWMrA==</latexit>

0
<latexit sha1_base64="ZWxdoDWvQEL/QRzCLI4/LTgNChM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IQ3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6V9WL5mWlXsvjKMIJnMI5eHANdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPduWMrA==</latexit>

0

<latexit sha1_base64="ZWxdoDWvQEL/QRzCLI4/LTgNChM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IQ3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6V9WL5mWlXsvjKMIJnMI5eHANdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPduWMrA==</latexit>

0
<latexit sha1_base64="ZWxdoDWvQEL/QRzCLI4/LTgNChM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IQ3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6V9WL5mWlXsvjKMIJnMI5eHANdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPduWMrA==</latexit>

0

SM lepton/quark fields

- Yukawa lagrangian : 

( μ specific→)

( τ specific→)

-   We have assumed that electrons are necessarily charged.
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<latexit sha1_base64="74fLqsTWPplOFWOwigf+fM6SVHc="></latexit>

V = V3HDM(�i) + VB�L(sk) + VI(�i, sk)

<latexit sha1_base64="pNpfr9USfp9n8FPbCtLn9L3zIsM=">AAAB/XicbVDLTgJBEJzFF+Jrfdy8TCQmcCG7aNAjiRe9YXRBA5vN7DALE2Yfmek1QUL8FS8eNMar/+HNv3GAPShYSSeVqu50d/mJ4Aos69vILS2vrK7l1wsbm1vbO+buXlPFqaTMobGI5Z1PFBM8Yg5wEOwukYyEvmAtf3Ax8VsPTCoeR7cwTJgbkl7EA04JaMkzD26cUrXsXXWAh0xhp2SXvXvPLFoVawq8SOyMFFGGhmd+dboxTUMWARVEqbZtJeCOiAROBRsXOqliCaED0mNtTSOid7mj6fVjfKyVLg5iqSsCPFV/T4xIqNQw9HVnSKCv5r2J+J/XTiE4d0c8SlJgEZ0tClKBIcaTKHCXS0ZBDDUhVHJ9K6Z9IgkFHVhBh2DPv7xImtWKXaucXJ8W67Usjjw6REeohGx0huroEjWQgyh6RM/oFb0ZT8aL8W58zFpzRjazj/7A+PwBt62Tbw==</latexit>

SU(2)I ⇥ U(1)Y
<latexit sha1_base64="FgvOfAQLxqtFhirLS+2lBeHtovY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9lVqR4LeuhFqGA/oLuUbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw78ztPVGkWy0czSWgg8FCyiBFsrOS3+5mvBLps3N1P++WKW3XnQKvEy0kFcjT75S9/EJNUUGkIx1r3PDcxQYaVYYTTaclPNU0wGeMh7VkqsaA6yOY3T9GZVQYoipUtadBc/T2RYaH1RIS2U2Az0sveTPzP66UmugkyJpPUUEkWi6KUIxOjWQBowBQlhk8swUQxeysiI6wwMTamkg3BW355lbQvql6tevlwVanX8jiKcAKncA4eXEMdGtCEFhBI4Ble4c1JnRfn3flYtBacfOYY/sD5/AELu5EC</latexit>

V3HDM

<latexit sha1_base64="mpdXC5qDHOJpWKJq7UqF/y6xbwk=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS9lVqR4Lgnis4LaFdinZNNuGZpM1yQpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91hNVmknxYMYJDWI8ECxiBBsrtf2Kd9bLbie9UtmtujOgZeLlpAw5Gr3SV7cvSRpTYQjHWnc8NzFBhpVhhNNJsZtqmmAywgPasVTgmOogm907QadW6aNIKlvCoJn6eyLDsdbjOLSdMTZDvehNxf+8Tmqi6yBjIkkNFWS+KEo5MhJNn0d9pigxfGwJJorZWxEZYoWJsREVbQje4svLpHle9WrVi/vLcr2Wx1GAYziBCnhwBXW4gwb4QIDDM7zCm/PovDjvzse8dcXJZ47gD5zPH/EAjzo=</latexit>

U(1)F:

<latexit sha1_base64="iic4Uc+QNSH3zNv7elMXtq48r28=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgY7hTiZZBGwuLCOYDLkfY2+wlS3b3jt09IRz5GTYWitj6a+z8N26SKzTxwcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7By0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9Ht1G8/UaVZLB/NOKGBwAPJIkawsZLf6mVdJdDN2f2kV664VXcGtEy8nFQgR6NX/ur2Y5IKKg3hWGvfcxMTZFgZRjidlLqppgkmIzygvqUSC6qDbHbyBJ1YpY+iWNmSBs3U3xMZFlqPRWg7BTZDvehNxf88PzXRdZAxmaSGSjJfFKUcmRhN/0d9pigxfGwJJorZWxEZYoWJsSmVbAje4svLpHVe9WrVi4fLSr2Wx1GEIziGU/DgCupwBw1oAoEYnuEV3hzjvDjvzse8teDkM4fwB87nD2hYkKc=</latexit>

VB�L :
<latexit sha1_base64="2NPeLuQ4IWx3di1mZrfLin3fVBw=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSleqxKIgHDxVMW2hC2Gy37dLdJOxuhBJy8uJf8eJBEa/+Bm/+G7dtDtr6YODx3gwz84KYUaks69soLCwuLa8UV0tr6xubW+b2TlNGicDEwRGLRDtAkjAaEkdRxUg7FgTxgJFWMLwa+60HIiSNwns1ionHUT+kPYqR0pJv7jsV+8hPXcHh5fFt5irKiYRT8TrzzbJVtSaA88TOSRnkaPjml9uNcMJJqDBDUnZsK1ZeioSimJGs5CaSxAgPUZ90NA2R3ualkzcyeKiVLuxFQleo4ET9PZEiLuWIB7qTIzWQs95Y/M/rJKp34aU0jBNFQjxd1EsYVBEcZwK7VBCs2EgThAXVt0I8QAJhpZMr6RDs2ZfnSfOkateqp3dn5Xotj6MI9sABqAAbnIM6uAEN4AAMHsEzeAVvxpPxYrwbH9PWgpHP7II/MD5/AFsglx8=</latexit>

U(1)B�L ⇥ U(1)F

,

<latexit sha1_base64="f5AtrawEh1jo/m8RCCdJWOc+3hs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseCF71VtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mr2d++5FrI2L1gJOE+xEdKhEKRtFK963+bb9ccavuHOQv8XJSgRyNfvmzN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkxCoDEsbalkIyV39OZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLf0nrrOrVqud3F5V6LY+jCEdwDKfgwSXU4QYa0AQGQ3iCF3h1pPPsvDnvi9aCk88cwi84H9/7NY2S</latexit>

VI : Portal intereaction

Physical states

(Explicit)

(  Heavy Higss bosons in B-L Higgs sector are integrated out)

125 GeV Higgs boson CP-even Higgs boson
CP-odd Higgs boson

Charged Higgs boson
Anomaly-free axion NGB for EWSB

<latexit sha1_base64="J2ppV/lmgHXHn7ytBpu/HWX2SxY=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFchaQpfbgquOmygn1AG8pkOm2HTiZhZiKU0F9w40IRt/6QO//GSVtBRQ9cOJxzL/feE8ScKe04H9bG5tb2zm5uL79/cHh0XDg57agokYS2ScQj2QuwopwJ2tZMc9qLJcVhwGk3mN1kfveeSsUicafnMfVDPBFszAjWmdQcutfDQtGxnXqp5FWQY7terVr3DKm5nqHItZ0lirBGa1h4H4wikoRUaMKxUn3XibWfYqkZ4XSRHySKxpjM8IT2DRU4pMpPl7cu0KVRRmgcSVNCo6X6fSLFoVLzMDCdIdZT9dvLxL+8fqLHNT9lIk40FWS1aJxwpCOUPY5GTFKi+dwQTCQztyIyxRITbeLJmxC+PkX/k07Jdiu2d1suNsrrOHJwDhdwBS5UoQFNaEEbCEzhAZ7g2QqtR+vFel21bljrmTP4AevtE7ZajgE=</latexit>

H1 :
<latexit sha1_base64="WlYCDp6hw+rXSxojEpbvtWaXCIE=">AAAB73icdVDJSgNBEK1xjXGLevTSGAQPMswSsngKeMkxglkgGUJPpydp0rPY3SOEIT/hxYMiXv0db/6NnUVQ0QcFj/eqqKrnJ5xJZVkfxtr6xubWdm4nv7u3f3BYODpuyzgVhLZIzGPR9bGknEW0pZjitJsIikOf044/uZ77nXsqJIujWzVNqBfiUcQCRrDSUrcxyJxLd3Y1KBQt06o5jltGlmm71UrN1aRqu5oi27QWKMIKzUHhvT+MSRrSSBGOpezZVqK8DAvFCKezfD+VNMFkgke0p2mEQyq9bHHvDJ1rZYiCWOiKFFqo3ycyHEo5DX3dGWI1lr+9ufiX10tVUPUyFiWpohFZLgpSjlSM5s+jIROUKD7VBBPB9K2IjLHAROmI8jqEr0/R/6TtmHbZdG9KxXppFUcOTuEMLsCGCtShAU1oAQEOD/AEz8ad8Wi8GK/L1jVjNXMCP2C8fQJanI+B</latexit>

H2,3 :
<latexit sha1_base64="QMLqE5eZho4I2vDz+wJw2pfYe0I=">AAAB73icdVDJSgNBEK1xjXGLevTSGAQPMswSsniKePEYwSyQDKGn05M06Vns7hHCkJ/w4kERr/6ON//GziKo6IOCx3tVVNXzE86ksqwPY2V1bX1jM7eV397Z3dsvHBy2ZJwKQpsk5rHo+FhSziLaVExx2kkExaHPadsfX8389j0VksXRrZok1AvxMGIBI1hpqXPZz+xzZ3rRLxQt06o5jltGlmm71UrN1aRqu5oi27TmKMISjX7hvTeISRrSSBGOpezaVqK8DAvFCKfTfC+VNMFkjIe0q2mEQyq9bH7vFJ1qZYCCWOiKFJqr3ycyHEo5CX3dGWI1kr+9mfiX101VUPUyFiWpohFZLApSjlSMZs+jAROUKD7RBBPB9K2IjLDAROmI8jqEr0/R/6TlmHbZdG9KxXppGUcOjuEEzsCGCtThGhrQBAIcHuAJno0749F4MV4XrSvGcuYIfsB4+wRMwY94</latexit>

A1,2 :

<latexit sha1_base64="/Y6TBwpfG/RGxRS9sK/L96Xmlto=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4kGEepQ9XBTddVrC20E5LJs20ocnMkGSUMsx/uHGhiFv/xZ1/Y/oQVPTAhcM593LvPX7MqFSW9WHk1tY3Nrfy24Wd3b39g+Lh0a2MEoFJG0csEl0fScJoSNqKKka6sSCI+4x0/OnV3O/cESFpFN6oWUw8jsYhDShGSkuD5iDtxzwbpvaFk10OiyXLtOqO41agZdpurVp3NanZrqbQNq0FSmCF1rD43h9FOOEkVJghKXu2FSsvRUJRzEhW6CeSxAhP0Zj0NA0RJ9JLF1dn8EwrIxhEQleo4EL9PpEiLuWM+7qTIzWRv725+JfXS1RQ81IaxokiIV4uChIGVQTnEcARFQQrNtMEYUH1rRBPkEBY6aAKOoSvT+H/5NYx7YrpXpdLjfIqjjw4AafgHNigChqgCVqgDTAQ4AE8gWfj3ng0XozXZWvOWM0cgx8w3j4BMBuSSg==</latexit>

H
±
1,2 :

<latexit sha1_base64="CYERVElfbJ9cEuAs6nxTPr85AFw=">AAAB6XicdVDLSsNAFL3xWeur6tLNYBFchaQpfbgquHFZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/j9CGo6IELh3Pu5d57goQzpR3nw1pb39jc2s7t5Hf39g8OC0fHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OlpQv0IjwQLGcHaSLf4clAoOrZTL5W8CnJs16tV654hNdczFLm2s0ARVmgOCu/9YUzSiApNOFaq5zqJ9jMsNSOczvL9VNEEkwke0Z6hAkdU+dni0hk6N8oQhbE0JTRaqN8nMhwpNY0C0xlhPVa/vbn4l9dLdVjzMyaSVFNBlovClCMdo/nbaMgkJZpPDcFEMnMrImMsMdEmnLwJ4etT9D9pl2y3Yns35WKjvIojB6dwBhfgQhUacA1NaAGBEB7gCZ6tifVovVivy9Y1azVzAj9gvX0CtruNdg==</latexit>a :
<latexit sha1_base64="lpcoHnD85zHItM84BIpgp25zXBk=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4kGGmU/pwVXBRlxXsA9tpyaRpG5pkhiQjlKF/4caFIm79G3f+jelDUNEDFw7n3Mu99wQRo0o7zoeVWlvf2NxKb2d2dvf2D7KHR00VxhKTBg5ZKNsBUoRRQRqaakbakSSIB4y0gsnV3G/dE6loKG71NCI+RyNBhxQjbaS7Ws+5qPW6Eb/sZ3OO7VTyea8IHdv1yqWKZ0jZ9QyFru0skAMr1PvZ9+4gxDEnQmOGlOq4TqT9BElNMSOzTDdWJEJ4gkakY6hAnCg/WVw8g2dGGcBhKE0JDRfq94kEcaWmPDCdHOmx+u3Nxb+8TqyHZT+hIoo1EXi5aBgzqEM4fx8OqCRYs6khCEtqboV4jCTC2oSUMSF8fQr/J8287RZt76aQqxZWcaTBCTgF58AFJVAF16AOGgADAR7AE3i2lPVovVivy9aUtZo5Bj9gvX0CsgiQRA==</latexit>

G0, G± :

<latexit sha1_base64="+vlXo3beUt/855i27oR6i0rErGw=">AAACDHicdVDLSsNAFJ3UV62vqks3g0UQhJA0pY9dwY07K1gV2hBuptM6dCYJMxOhhHyAG3/FjQtF3PoB7vwbp7WCih4YOJxzLnfuCRPOlHacd6uwsLi0vFJcLa2tb2xulbd3LlScSkK7JOaxvApBUc4i2tVMc3qVSAoi5PQyHB9P/csbKhWLo3M9SagvYBSxISOgjRSUK1mfAMeneZD1RyAEBEf5NymkGnKTcmynVa16dezYrtdstDxDmq5nKHZtZ4YKmqMTlN/6g5ikgkaacFCq5zqJ9jOQmhFO81I/VTQBMoYR7RkagaDKz2bH5PjAKAM8jKV5kcYz9ftEBkKpiQhNUoC+Vr+9qfiX10v1sOlnLEpSTSPyuWiYcqxjPG0GD5ikRPOJIUAkM3/F5BokEG36K5kSvi7F/5OLqu3Wbe+sVmnX5nUU0R7aR4fIRQ3URieog7qIoFt0jx7Rk3VnPVjP1stntGDNZ3bRD1ivH1Qmm8s=</latexit>

O�+O�

<latexit sha1_base64="Lciy59QGGtXSe7mBSf+boNLsrC4=">AAACI3icdZDJSgNBEIZ7XGPcoh69NAbB0zCTCVk8Bbx4M4JZIAlDTaeTNOlZ6O4RwjDv4sVX8eJBCV48+C52FkGN/tDw81UV1fV7EWdSWda7sba+sbm1ndnJ7u7tHxzmjo6bMowFoQ0S8lC0PZCUs4A2FFOctiNBwfc4bXnjq1m9dU+FZGFwpyYR7fkwDNiAEVAaubnLpEuA45vUTbrAoxG4TrqCCileYXbq5vKWaVULBaeELdN2KuWqo03FdrTFtmnNlUdL1d3ctNsPSezTQBEOUnZsK1K9BIRihNM0240ljYCMYUg72gbgU9lL5jem+FyTPh6EQr9A4Tn9PpGAL+XE93SnD2okf9dm8K9aJ1aDSi9hQRQrGpDFokHMsQrxLDDcZ4ISxSfaABFM/xWTEQggSsea1SF8XYr/N82CaZdM57aYrxWXcWTQKTpDF8hGZVRD16iOGoigB/SEXtCr8Wg8G1PjbdG6ZixnTtAPGR+f9EylEw==</latexit>

O↵3O↵2O↵1
<latexit sha1_base64="DWD+FG+sAJSG1Jjp+OrIaBnqAk4="></latexit>

O�3O�2O�1O�

<latexit sha1_base64="FEiqf+CWeR9v3y9qoPIx4lgE/5A=">AAACCXicbVDLSsNAFJ3Ud31VXboZLIKrklSpLgU3LitYFZoQJtMbO3QyiTM3hRKydeOvuHGhiFv/wJ1/4/Sx8HXgXg7n3MvMPVEmhUHX/XQqc/MLi0vLK9XVtfWNzdrW9pVJc82hw1OZ6puIGZBCQQcFSrjJNLAkknAdDc7G/vUQtBGpusRRBkHCbpWIBWdopbBGfWTKjwBZ6Plwl4uhH2vGi2HYLG3zyrBWdxvuBPQv8WakTmZoh7UPv5fyPAGFXDJjup6bYVAwjYJLKKt+biBjfMBuoWupYgmYoJhcUtJ9q/RonGpbCulE/b5RsMSYURLZyYRh3/z2xuJ/XjfH+CQohMpyBMWnD8W5pJjScSy0JzRwlCNLGNfC/pXyPrNJoA2vakPwfp/8l1w1G16rcXhxVD9tzeJYJrtkjxwQjxyTU3JO2qRDOLknj+SZvDgPzpPz6rxNRyvObGeH/IDz/gUOU5qJ</latexit>

tan�1 ⌘ v2
v1

<latexit sha1_base64="kqLWZbFfVxUpkfJBwtH49tUQqyE=">AAACGHicbZBNS8NAEIY3ftb6VfXoJVgEQahJlOqx4MVjBatCU8NmO9HFzSbuTgIl5Gd48a948aCIV2/+G7c1B79eWHh4Z4bZecNUcI2O82FNTc/Mzs3XFuqLS8srq4219XOdZIpBjyUiUZch1SC4hB5yFHCZKqBxKOAivD0e1y9yUJon8gxHKQxiei15xBlFYwWNPR+p9ENAGng+3GU89yNFWZEH+2Xh6zuFBt0rbzcPvCuvLING02k5E9l/wa2gSSp1g8a7P0xYFoNEJqjWfddJcVBQhZwJKOt+piGl7JZeQ9+gpDHoQTE5rLS3jTO0o0SZJ9GeuN8nChprPYpD0xlTvNG/a2Pzv1o/w+hoUHCZZgiSfS2KMmFjYo9TsodcAUMxMkCZ4uavNruhJhg0WdZNCO7vk//Cuddy263904Nmp13FUSObZIvsEJcckg45IV3SI4zck0fyTF6sB+vJerXevlqnrGpmg/yQ9f4JZX6gkQ==</latexit>

tan�2 ⌘ v3p
v21 + v22

<latexit sha1_base64="pCDTwIjC0Jq8qtCFYG4R7HKl8oQ=">AAACFnicbVC7SgNBFJ31GeMramkzmAg2hl0TVKwCNnZGMA/IhjA7mU2GzGOZmZWEZb/Cxl+xsVDEVuz8GyePQhMPXDiccy/33hNEjGrjut/O0vLK6tp6ZiO7ubW9s5vb269rGStMalgyqZoB0oRRQWqGGkaakSKIB4w0gsH12G88EKWpFPdmFJE2Rz1BQ4qRsVInd5r4GDF4m3aaV9DngRwmsFTwDeVEF2AJcjqkogc5MooO004u7xbdCeAi8WYkD2aodnJfflfimBNhMENatzw3Mu0EKUMxI2nWjzWJEB6gHmlZKpBd204mb6Xw2CpdGEplSxg4UX9PJIhrPeKB7bT39fW8Nxb/81qxCS/bCRVRbIjA00VhzKCRcJwR7FJFsGEjSxBW1N4KcR8phI1NMmtD8OZfXiT1s6J3XizdlfOV8iyODDgER+AEeOACVMANqIIawOARPINX8OY8OS/Ou/MxbV1yZjMH4A+czx9msZ5C</latexit>

OX : 3⇥ 3 mixing matrix

(Spontaneous)
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• The alignment limit in 3HDM is defined by 

-  Higgs coupling:
<latexit sha1_base64="30B52s210uCCL/Pk2el0mQgERuQ="></latexit>

H1
V

= c↵2c↵1��1c�2 + s↵2s�2 ! 1

-  Mixing matrix:

<latexit sha1_base64="Lciy59QGGtXSe7mBSf+boNLsrC4=">AAACI3icdZDJSgNBEIZ7XGPcoh69NAbB0zCTCVk8Bbx4M4JZIAlDTaeTNOlZ6O4RwjDv4sVX8eJBCV48+C52FkGN/tDw81UV1fV7EWdSWda7sba+sbm1ndnJ7u7tHxzmjo6bMowFoQ0S8lC0PZCUs4A2FFOctiNBwfc4bXnjq1m9dU+FZGFwpyYR7fkwDNiAEVAaubnLpEuA45vUTbrAoxG4TrqCCileYXbq5vKWaVULBaeELdN2KuWqo03FdrTFtmnNlUdL1d3ctNsPSezTQBEOUnZsK1K9BIRihNM0240ljYCMYUg72gbgU9lL5jem+FyTPh6EQr9A4Tn9PpGAL+XE93SnD2okf9dm8K9aJ1aDSi9hQRQrGpDFokHMsQrxLDDcZ4ISxSfaABFM/xWTEQggSsea1SF8XYr/N82CaZdM57aYrxWXcWTQKTpDF8hGZVRD16iOGoigB/SEXtCr8Wg8G1PjbdG6ZixnTtAPGR+f9EylEw==</latexit>

O↵3O↵2O↵1

<latexit sha1_base64="/O99hIDTsGDuSETwBBerhC6WxHo=">AAACD3icdVDLSgNBEJz1bXxFPXoZDIqnZTcrMd4EL95UMA/IhqV3MjGDsw9meoWw7B948Ve8eFDEq1dv/o2TGCGKFjQUVd10d4WpFBod58OamZ2bX1hcWi6trK6tb5Q3t5o6yRTjDZbIRLVD0FyKmDdQoOTtVHGIQslb4c3pyG/dcqVFEl/hMOXdCK5j0RcM0EhBed/HJPcZSHpeBLkPMh1A4BVTUsgRiqBccWznuFr1atSxXa9+dOwZUnc9Q6lrO2NUyAQXQfnd7yUsi3iMTILWHddJsZuDQsEkL0p+pnkK7AauecfQGCKuu/n4n4LuGaVH+4kyFSMdq9MTOURaD6PQdEaAA/3bG4l/eZ0M+/VuLuI0Qx6zr0X9TFJM6Cgc2hOKM5RDQ4ApYW6lbAAKGJoISyaE70/p/6RZtd2a7V0eVk6qkziWyA7ZJQfEJUfkhJyRC9IgjNyRB/JEnq1769F6sV6/Wmesycw2+QHr7RPlQZ0x</latexit>

! O↵3O�

c.f.) 2HDM
<latexit sha1_base64="NvbaJJDpmwQEnOxQ7GViEMV3vjg=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCXViSKupGKLhxWcE+oAnlZjpth04mYWYi1FD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nuCmDOlHefbyi0tr6yu5dcLG5tb2zv27l5DRYkktE4iHslWAIpyJmhdM81pK5YUwoDTZjC8mfjNByoVi8S9HsXUD6EvWI8R0Ebq2AeeYqLkBVTDqQc8HsDJtduxi07ZmQIvEjcjRZSh1rG/vG5EkpAKTTgo1XadWPspSM0Ip+OClygaAxlCn7YNFRBS5afT68f42Chd3IukKaHxVP09kUKo1CgMTGcIeqDmvYn4n9dOdO/KT5mIE00FmS3qJRzrCE+iwF0mKdF8ZAgQycytmAxAAtEmsIIJwZ1/eZE0KmX3onx2d16sVrI48ugQHaESctElqqJbVEN1RNAjekav6M16sl6sd+tj1pqzspl99AfW5w8o/pRX</latexit>

sin(� � ↵) = 1
<latexit sha1_base64="RrFTLk9YaHzzYCNxHaWgXf6/8zA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FCBZBEEpSRb0IBS8eK9gPaEqZbDft0s0HuxOhhJy8+Fe8eFDEq7/Bm//GbZuDtj4YeLw3w8w8LxZcoW1/G4Wl5ZXVteJ6aWNza3vH3N1rqiiRlDVoJCLZ9kAxwUPWQI6CtWPJIPAEa3mjm4nfemBS8Si8x3HMugEMQu5zCqilnnnoYuSCiIdw7XoM4dT1JdDUjXmWVrOeWbYr9hTWInFyUiY56j3zy+1HNAlYiFSAUh3HjrGbgkROBctKbqJYDHQEA9bRNISAqW46fSOzjrXSt/xI6grRmqq/J1IIlBoHnu4MAIdq3puI/3mdBP2rbsrDOEEW0tkiPxEWRtYkE6vPJaMoxpoAlVzfatEh6BxQJ1fSITjzLy+SZrXiXFTO7s7LtWoeR5EckCNyQhxySWrkltRJg1DySJ7JK3kznowX4934mLUWjHxmn/yB8fkDdsmZFQ==</latexit>

! ↵ = � +
⇡

2

<latexit sha1_base64="5oj8C7vY54gWeYw5mwCuhYmgY2s=">AAACDHicdVBLSwMxGMz6rPVV9eglWAQPsuxD+jgIRS8eK9gHdJeSTdM2NJtdkqxQlvbuxb/ixYMiXv0B3vw3pu0KKjoQMszMR/JNEDMqlWV9GEvLK6tr67mN/ObW9s5uYW+/KaNEYNLAEYtEO0CSMMpJQ1HFSDsWBIUBI61gdDnzW7dESBrxGzWOiR+iAad9ipHSUrdQ9BCLh6hrn3sBUfo+nWaKkynOVKcs06o6jluClmm7lXLV1aRiu5pC27TmKIIM9W7h3etFOAkJV5ghKTu2FSs/RUJRzMgk7yWSxAiP0IB0NOUoJNJP58tM4LFWerAfCX24gnP1+0SKQinHYaCTIVJD+dubiX95nUT1K35KeZwowvHioX7CoIrgrBnYo4JgxcaaICyo/ivEQyQQVrq/vC7ha1P4P2k6pl0y3euzYu0iqyMHDsEROAE2KIMauAJ10AAY3IEH8ASejXvj0XgxXhfRJSObOQA/YLx9Av3Zmvw=</latexit>

↵1 = �1, ↵2 = �2

[D. Das, I. Saha, PRD100 (2019)]

<latexit sha1_base64="DVlo2JzMdZoAsLFElIXUAJjRCkY="></latexit>✓
H1

H2

◆
=

✓
� sin� � cos�
cos� � sin�

◆✓
h1

h2

◆
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Higgs signal strength 
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Measurements of Higgs signal strength indicate (near) 
alignment limit. Type-II 2HDM

Type-X 2H
DM

(k
u =1)

e.g.) 3HDM Type Z ( u:φ3, d:φ2, ℓ:φ1 )

[D. Das, I. Saha, PRD100 (2019)]

80fb-1

To avoid the constraint, we basically take the 
alignment limit in our analysis. 

c.f.) 3HDM Type A ( u:φ3, d:φ3, e:φ2, μ:φ3, τ:φ1 ) [our case]
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e.g.) 3HDM Type Z ( u:φ3, d:φ2, ℓ:φ1 )

Allowed region

Excluded region

• The most severe constraint comes from                .
<latexit sha1_base64="SNqVKE4OBoLvehaH6aKV71Iy2iU="></latexit>

t

t

t
g

g

⌧

⌧
<latexit sha1_base64="N/TM/YHoBRHcRm5cMtfLYiJF2FU="></latexit>

⇠⌧
H2

= � t�1

c�2

c↵3 + t�2s↵3

<latexit sha1_base64="REE9Np3LaAXwwLLq0EJRzN5r8BY="></latexit>

⇠⌧
H3

= �t�2c↵3 �
t�1

c�2

s↵3

<latexit sha1_base64="Wui7St2zh0ButhoYQZLLB7lSAHo="></latexit>

⇠t
H2

= � 1

t�2

s↵3

<latexit sha1_base64="X2YoRgsod24gn3TNosNOdCT8dB4="></latexit>

⇠t
H3

=
1

t�2

c↵3

 can be sizable in case of 
<latexit sha1_base64="wYDA/eYD+rw6cOaeUhSYUxaAIjM=">AAACCnicbZDLSsNAFIYn9VbrLerSTbQIFaQkbVGXBTddVrAXaEKYTCft0MmFmROhhK7d+CpuXCji1idw59s4abPQ1h8OfPznHGbO78WcSTDNb62wtr6xuVXcLu3s7u0f6IdHXRklgtAOiXgk+h6WlLOQdoABp/1YUBx4nPa8yW3W7z1QIVkU3sM0pk6ARyHzGcGgLFc/tSUbBbgSxzZEactNa5f12UyxDTjJ6sLVy2bVnMtYBSuHMsrVdvUvexiRJKAhEI6lHFhmDE6KBTDC6axkJ5LGmEzwiA4Uhjig0knnp8yMc+UMDT8SqkIw5u7vjRQHUk4DT00GGMZyuZeZ//UGCfg3TsrCOAEaksVDfsINiIwsF2PIBCXApwowEUz91SBjLDABlV5JhWAtn7wK3VrVuqrW7xrlZiOPo4hO0BmqIAtdoyZqoTbqIIIe0TN6RW/ak/aivWsfi9GClu8coz/SPn8AHp6afw==</latexit>

�(pp ! H2,3 ! ⌧⌧)

<latexit sha1_base64="WhhA4RJRiN2LOfp/FTS6catDG00=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkrSFnVZcOOygn1AE8JkOmmHzkzizEQooTs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89YcKo0o7zbRVWVtfWN4qbpa3tnd09e/+greJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44up76nQciFY3FnR4nxOdoIGhEMdJGCuxjD7FkiIKaJ8g9dM69hEMvkghn7iSrTgK77FScGeAycXNSBjmagf3l9WOcciI0Zkipnusk2s+Q1BQzMil5qSIJwiM0ID1DBeJE+dnsjwk8NUofRrE0JTScqb8nMsSVGvPQdHKkh2rRm4r/eb1UR1d+RkWSaiLwfFGUMqhjOA0F9qkkWLOxIQhLam6FeIhMCtpEVzIhuIsvL5N2teJeVGq39XKjnsdRBEfgBJwBF1yCBrgBTdACGDyCZ/AK3qwn68V6tz7mrQUrnzkEf2B9/gCtRZiF</latexit>

↵3 6= 0,±1

2

[2106.11977]
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+ ( W boson loop diagrams )

+ ( W boson loop diagrams )

<latexit sha1_base64="42HIK0a2zVXPVVGDCcgZpqGSYVU=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkqiUj0WvXisYD+gCWGz3bRLd5OwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrW9sbpW3Kzu7e/tV++Cwo5JMEtomCU9kL8SKchbTtmaa014qKRYhp91wfDvzu49UKpbED3qSUl/gYcwiRrA2UmBXbzydoF6gkDfEQuDArjl1Zw60StyC1KBAK7C/vEFCMkFjTThWqu86qfZzLDUjnE4rXqZoiskYD2nf0BgLqvx8fvgUnRplgKJEmoo1mqu/J3IslJqI0HQKrEdq2ZuJ/3n9TEfXfs7iNNM0JotFUcaR+XWWAhowSYnmE0MwkczcisgIS0y0yapiQnCXX14lnfO626hf3F/Wmo0ijjIcwwmcgQtX0IQ7aEEbCGTwDK/wZj1ZL9a79bFoLVnFzBH8gfX5A9R+koc=</latexit>

B ! Xs�•  

•  
<latexit sha1_base64="g/oWVrm1RKd7BjHkkjRbMz/CXLE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIXiyJSvVY6sVjBfsBbQib7aZdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3dsv2weHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49uZ33mkUrFYPOhJQr0IDwULGcHaSL5dbvjqHPUDLLPG1FfItytO1ZkDrRI3JxXI0fTtr/4gJmlEhSYcK9VznUR7GZaaEU6npX6qaILJGA9pz1CBI6q8bH74FJ0aZYDCWJoSGs3V3xMZjpSaRIHpjLAeqWVvJv7n9VId3ngZE0mqqSCLRWHKkY7RLAU0YJISzSeGYCKZuRWREZaYaJNVyYTgLr+8StoXVbdWvby/qtRreRxFOIYTOAMXrqEOd9CEFhBI4Rle4c16sl6sd+tj0Vqw8pkj+APr8weRApJb</latexit>

Bs � B̄s mixing

<latexit sha1_base64="UITnUaPQDLeRft89T30ZbcKCGwQ=">AAAB9HicdVDLSgMxFM34rPVVdekmWAQXMsxD+tgV3HRZwT6gHUsmzbShSWZMMoUy9DvcuFDErR/jzr8xfQgqeuDC4Zx7ufeeMGFUacf5sNbWNza3tnM7+d29/YPDwtFxS8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1wfD332xMiFY3FrZ4mJOBoKGhEMdJGCur9zL30ZndZL+GzfqHo2E7V8/wSdGzXr5SrviEV1zcUurazQBGs0OgX3nuDGKecCI0ZUqrrOokOMiQ1xYzM8r1UkQThMRqSrqECcaKCbHH0DJ4bZQCjWJoSGi7U7xMZ4kpNeWg6OdIj9dubi3953VRHlSCjIkk1EXi5KEoZ1DGcJwAHVBKs2dQQhCU1t0I8QhJhbXLKmxC+PoX/k5ZnuyXbv7kq1rxVHDlwCs7ABXBBGdRAHTRAE2BwDx7AE3i2Jtaj9WK9LlvXrNXMCfgB6+0TqduSBA==</latexit>

H
±
1,2

H± couplings:

<latexit sha1_base64="UITnUaPQDLeRft89T30ZbcKCGwQ=">AAAB9HicdVDLSgMxFM34rPVVdekmWAQXMsxD+tgV3HRZwT6gHUsmzbShSWZMMoUy9DvcuFDErR/jzr8xfQgqeuDC4Zx7ufeeMGFUacf5sNbWNza3tnM7+d29/YPDwtFxS8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1wfD332xMiFY3FrZ4mJOBoKGhEMdJGCur9zL30ZndZL+GzfqHo2E7V8/wSdGzXr5SrviEV1zcUurazQBGs0OgX3nuDGKecCI0ZUqrrOokOMiQ1xYzM8r1UkQThMRqSrqECcaKCbHH0DJ4bZQCjWJoSGi7U7xMZ4kpNeWg6OdIj9dubi3953VRHlSCjIkk1EXi5KEoZ1DGcJwAHVBKs2dQQhCU1t0I8QhJhbXLKmxC+PoX/k5ZnuyXbv7kq1rxVHDlwCs7ABXBBGdRAHTRAE2BwDx7AE3i2Jtaj9WK9LlvXrNXMCfgB6+0TqduSBA==</latexit>

H
±
1,2

(Type-I like)
<latexit sha1_base64="ylhIaTrJt461/I8GK0MyywstdmE="></latexit>

⇠q
H

+
1

= �
s�+

t�2

, ⇠q
H

+
2

=
c�+

t�2

- The constant of               mixing is tighter than                .
<latexit sha1_base64="g/oWVrm1RKd7BjHkkjRbMz/CXLE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIXiyJSvVY6sVjBfsBbQib7aZdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3dsv2weHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49uZ33mkUrFYPOhJQr0IDwULGcHaSL5dbvjqHPUDLLPG1FfItytO1ZkDrRI3JxXI0fTtr/4gJmlEhSYcK9VznUR7GZaaEU6npX6qaILJGA9pz1CBI6q8bH74FJ0aZYDCWJoSGs3V3xMZjpSaRIHpjLAeqWVvJv7n9VId3ngZE0mqqSCLRWHKkY7RLAU0YJISzSeGYCKZuRWREZaYaJNVyYTgLr+8StoXVbdWvby/qtRreRxFOIYTOAMXrqEOd9CEFhBI4Rle4c16sl6sd+tj0Vqw8pkj+APr8weRApJb</latexit>

Bs � B̄s
<latexit sha1_base64="42HIK0a2zVXPVVGDCcgZpqGSYVU=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkqiUj0WvXisYD+gCWGz3bRLd5OwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n2yqtrW9sbpW3Kzu7e/tV++Cwo5JMEtomCU9kL8SKchbTtmaa014qKRYhp91wfDvzu49UKpbED3qSUl/gYcwiRrA2UmBXbzydoF6gkDfEQuDArjl1Zw60StyC1KBAK7C/vEFCMkFjTThWqu86qfZzLDUjnE4rXqZoiskYD2nf0BgLqvx8fvgUnRplgKJEmoo1mqu/J3IslJqI0HQKrEdq2ZuJ/3n9TEfXfs7iNNM0JotFUcaR+XWWAhowSYnmE0MwkczcisgIS0y0yapiQnCXX14lnfO626hf3F/Wmo0ijjIcwwmcgQtX0IQ7aEEbCGTwDK/wZj1ZL9a79bFoLVnFzBH8gfX5A9R+koc=</latexit>

B ! Xs�

-               for 
<latexit sha1_base64="VlGO52YkmYGKeISRJtvoBoJVsnk=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsxUUZcFNy4r2Ad0hiGTpm1okhmSO0IZCv6KGxeKuPU73Pk3pu0stPVA4HDOudybE6eCG/C8b2dldW19Y7O0Vd7e2d3bdw8OWybJNGVNmohEd2JimOCKNYGDYJ1UMyJjwdrx6Hbqtx+ZNjxRDzBOWSjJQPE+pwSsFLnHEOVBzIBEtQkOBmCTEvuRW/Gq3gx4mfgFqaACjcj9CnoJzSRTQAUxput7KYQ50cCpYJNykBmWEjoiA9a1VBHJTJjPzp/gM6v0cD/R9inAM/X3RE6kMWMZ26QkMDSL3lT8z+tm0L8Jc67SDJii80X9TGBI8LQL3OOaURBjSwjV3N6K6ZBoQsE2VrYl+ItfXiatWtW/ql7cX1bqtaKOEjpBp+gc+ega1dEdaqAmoihHz+gVvTlPzovz7nzMoytOMXOE/sD5/AGNjJUs</latexit>

t�2 & 1
<latexit sha1_base64="PjBsuA+/VvYG37Be67WMGm4O+xc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaqqMuCmy4r9AWdsWTSO21oMjMkGaEM8wFu/BU3LhRx6we4829M21lo64GQwznnktzjx5wpbdvf1srq2vrGZmGruL2zu7dfOjhsqyiRFFo04pHs+kQBZyG0NNMcurEEInwOHX98O/U7DyAVi8KmnsTgCTIMWcAo0Ubql8qin9bv3dhcznk1y7DLQSnFBHZSVwrchHZmUnbFngEvEycnZZSj0S99uYOIJgJCTTlRqufYsfZSIjWjHLKimyiICR2TIfQMDYkA5aWzZTJ8apQBDiJpTqjxTP09kRKh1ET4JimIHqlFbyr+5/USHdx4KQvjRENI5w8FCcc6wtNm8IBJoJpPDCFUMvNXTEdEEqpNf0VTgrO48jJpVyvOVeXi7rJcq+Z1FNAxOkFnyEHXqIbqqIFaiKJH9Ixe0Zv1ZL1Y79bHPLpi5TNH6A+szx+1WJq5</latexit>

m
H

±
1,2

. 1TeV

for Type A, B
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Source of axion mass
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•  Axion obtains the mass from the explicit breaking term from the U(1)F.

• The soft breaking terms of U(1)F are classified by the conserving  discrete symmetries

Z6 :
<latexit sha1_base64="8YGoCJ25um1DE6GK5/kIDdXy4sE=">AAACBHicbVDLSsNAFJ34rPUVddlNsAjtwpK0RV0W3LisYB/QxDCZTNKhk0mYmQgldOHGX3HjQhG3foQ7/8ZpmoW2HrhwOOde7r3HSygR0jS/tbX1jc2t7dJOeXdv/+BQPzruizjlCPdQTGM+9KDAlDDck0RSPEw4hpFH8cCbXM/9wQPmgsTsTk4T7EQwZCQgCEoluXrFTsbEte5tH4Yh5rXzVj1XmrVW3dWrZsPMYawSqyBVUKDr6l+2H6M0wkwiCoUYWWYinQxySRDFs7KdCpxANIEhHinKYISFk+VPzIwzpfhGEHNVTBq5+nsig5EQ08hTnRGUY7HszcX/vFEqgysnIyxJJWZosShIqSFjY56I4ROOkaRTRSDiRN1qoDHkEEmVW1mFYC2/vEr6zYZ10WjdtquddhFHCVTAKagBC1yCDrgBXdADCDyCZ/AK3rQn7UV71z4WrWtaMXMC/kD7/AEWzJZn</latexit>

�†
1(�3)�2(3)

Z3 : 
<latexit sha1_base64="B6i7zv3GOUoJTVR6Yb8FNHkM81k="></latexit>

�†
1,2(⌥3)�3(0), S†

2̄(�2)S1(1)

We  focus on U(1)F  preserving Z6

3 Higgs doublet sector: B-L Higgs sector:

<latexit sha1_base64="gdccd34bF7v+cEz7zWgZgAVp+Zo="></latexit>

Vsoft = �
h
m2

12

⇣
�†
1�2

⌘
+ h.c.

i

Mass of heavy Higgs: Mass of axion:
<latexit sha1_base64="Xd7+fra8DvMcqXc3f35qdEOCYnA=">AAACDHicbVC9TsMwGHT4LeWvwMhiUSExVUlAwFjBwlgk+iO1aeS4TmvVdiLbqVRFeQAWXoWFAYRYeQA23ganzQAtJ1k6390n+7sgZlRp2/62VlbX1jc2S1vl7Z3dvf3KwWFLRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB8m/vtCZGKRuJBT2PicTQUNKQYaSP5lSr3Ud/tKcoh91PHzcwllAink76bpWFuZiZl1+wZ4DJxClIFBRp+5as3iHDCidCYIaW6jh1rL0VSU8xIVu4lisQIj9GQdA0ViBPlpbNlMnhqlAEMI2mO0HCm/p5IEVdqygOT5EiP1KKXi/953USH115KRZxoIvD8oTBhUEcwbwYOqCRYs6khCEtq/grxCJkutOmvbEpwFldeJi235lzWzu8vqvWboo4SOAYn4Aw44ArUwR1ogCbA4BE8g1fwZj1ZL9a79TGPrljFzBH4A+vzB+8emu4=</latexit>

m2
a ⇠ m2

12
v2

f2
a

<latexit sha1_base64="rLnoUi3XPJXfpZiD62kg4iVhfJc=">AAACDXicbVDLSsNAFJ34rPUVdekmWIUKpSRtUTeFipsuK9gHNDFMppN26EwSZiZCCfkBN/6KGxeKuHXvzr9x2mahrQcu93DOvczc40WUCGma39rK6tr6xmZuK7+9s7u3rx8cdkQYc4TbKKQh73lQYEoC3JZEUtyLOIbMo7jrjW+mfvcBc0HC4E5OIuwwOAyITxCUSnL106LdGpF6000qpWpab94ndsRSN7FKlbR+Pe/nrl4wy+YMxjKxMlIAGVqu/mUPQhQzHEhEoRB9y4ykk0AuCaI4zduxwBFEYzjEfUUDyLBwktk1qXGmlIHhh1xVII2Z+nsjgUyICfPUJINyJBa9qfif14+lf+UkJIhiiQM0f8iPqSFDYxqNMSAcI0knikDEifqrgUaQQyRVgHkVgrV48jLpVMrWRbl6Wys0alkcOXAMTkARWOASNEATtEAbIPAInsEreNOetBftXfuYj65o2c4R+APt8wcb/5mm</latexit>

(� = H2,3 = H
±
1,2 = A1,2)

<latexit sha1_base64="8wfcNsfwBIJhCy08xTK50BGMW5E="></latexit>

m2
� ⇠ m2

12v
2

v1v2
+ �iv

2

Portal interaction :
<latexit sha1_base64="mVok8tAndHaDVU+Bi9X/h7/F+gQ="></latexit>

VI 3 �m0
ije

±3i ã
fa (�†

i�j)

<latexit sha1_base64="DPXD2LNoPbWQLjAxS4V65lo+7Pg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LeuhFqGA/oLuUbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHw78ztPVGkWy0czSWgg8FCyiBFsrOS3+5mvBLps3N1P++WKW3XnQKvEy0kFcjT75S9/EJNUUGkIx1r3PDcxQYaVYYTTaclPNU0wGeMh7VkqsaA6yOY3T9GZVQYoipUtadBc/T2RYaH1RIS2U2Az0sveTPzP66UmugkyJpPUUEkWi6KUIxOjWQBowBQlhk8swUQxeysiI6wwMTamkg3BW355lbQvqt5V9fKhVqnX8jiKcAKncA4eXEMdGtCEFhBI4Ble4c1JnRfn3flYtBacfOYY/sD5/AELIZEA</latexit>

V3HDM
<latexit sha1_base64="ITVWx5ziU+TJueQ8dhR4k5rd/9E=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgY7jToJZBGwuLCOYDLkfY2+wlS3b3jt09IRz5GTYWitj6a+z8N26SKzTxwcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7By0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9Ht1G8/UaVZLB/NOKGBwAPJIkawsZLf6mVdJdDN2f2kV664VXcGtEy8nFQgR6NX/ur2Y5IKKg3hWGvfcxMTZFgZRjidlLqppgkmIzygvqUSC6qDbHbyBJ1YpY+iWNmSBs3U3xMZFlqPRWg7BTZDvehNxf88PzXRdZAxmaSGSjJfFKUcmRhN/0d9pigxfGwJJorZWxEZYoWJsSmVbAje4svLpHVe9S6rFw+1Sr2Wx1GEIziGU/DgCupwBw1oAoEYnuEV3hzjvDjvzse8teDkM4fwB87nD2e+kKU=</latexit>

VB�L

No soft term

mφ and ma relates through the soft breakig parameters and the portal couplings.
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Axion mass
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<latexit sha1_base64="e1maxIrrVuWqEewcKm0g4T7LRas=">AAACA3icbVDLSgNBEJyNrxhfUY9eFoPgKeyqaI4BLx4jmIckS+iddJIhM7PrzKwQlhz9Aq/6Bd7Eqx/iB/gfTpI9mGhBQ1HVTXdXGHOmjed9ObmV1bX1jfxmYWt7Z3evuH/Q0FGiKNZpxCPVCkEjZxLrhhmOrVghiJBjMxxdT/3mIyrNInlnxjEGAgaS9RkFY6V70YWOZgIfusWSV/ZmcP8SPyMlkqHWLX53ehFNBEpDOWjd9r3YBCkowyjHSaGTaIyBjmCAbUslCNRBOjt44p5Ypef2I2VLGnem/p5IQWg9FqHtFGCGetmbiv957cT0K0HKZJwYlHS+qJ9w10Tu9Hu3xxRSw8eWAFXM3urSISigxma0sCVUMEIzsbn4yyn8JY2zsn9ZPr+9KFUrWUJ5ckSOySnxyRWpkhtSI3VCiSDP5IW8Ok/Om/PufMxbc042c0gW4Hz+ALmlmNI=</latexit>ma '

<latexit sha1_base64="fs9pemMTrLXDtuZc+U7KnY5D6nA=">AAACFHicbVDLSsNAFJ3UV62vqBvBzWARXJVERbssuHFZwT6gCWEyvWmHziRhZiKU0H6GX+BWv8CduHXvB/gfJm0WtvXAhcM593LvPX7MmdKW9W2U1tY3NrfK25Wd3b39A/PwqK2iRFJo0YhHsusTBZyF0NJMc+jGEojwOXT80V3ud55AKhaFj3ocgyvIIGQBo0RnkmeeODwaeKltTYRHpqkjBe6NoO1OPLNq1awZ8CqxC1JFBZqe+eP0I5oICDXlRKmebcXaTYnUjHKYVJxEQUzoiAygl9GQCFBuOvtggs8zpY+DSGYVajxT/06kRCg1Fn7WKYgeqmUvF//zeokO6m7KwjjRENL5oiDhWEc4jwP3mQSq+TgjhEqW3YrpkEhCdRbawhZfkhHoPBd7OYVV0r6s2Te1q4fraqNeJFRGp+gMXSAb3aIGukdN1EIUTdELekVvxrPxbnwYn/PWklHMHKMFGF+/i3OfIw==</latexit>log
1
0
m

a
[keV

]

<latexit sha1_base64="ChN1Ezon7RkAjgmlptgyVcU0dlk=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUUTdCwYUuK9gHtLFMpjft0JkkzEyEGvITfoFb/QJ34tY/8AP8D5M2C9t64MLhnHs5l+OGnCltWd9GYWl5ZXWtuF7a2Nza3jF395oqiCSFBg14INsuUcCZDw3NNId2KIEIl0PLHV1nfusRpGKBf6/HITiCDHzmMUp0KvXMA69HrmzrIbatJO5KgW+gmfTMslWxJsCLxM5JGeWo98yfbj+gkQBfU06U6thWqJ2YSM0oh6TUjRSEhI7IADop9YkA5cST7xN8nCp97AUyHV/jifr3IiZCqbFw001B9FDNe5n4n9eJtHfpxMwPIw0+nQZ5Ecc6wFkVuM8kUM3HKSFUsvRXTIdEEqrTwmZSXElGoLNe7PkWFkmzWrHPK6d3Z+VaNW+oiA7RETpBNrpANXSL6qiBKHpCL+gVvRnPxrvxYXxOVwtGfrOPZmB8/QL/X5yT</latexit>

fa = 1010GeV

• When                                  ,   axion can be keV sclale   for                    .                                                                                                                                                                                                           
<latexit sha1_base64="ChN1Ezon7RkAjgmlptgyVcU0dlk=">AAACEHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUUTdCwYUuK9gHtLFMpjft0JkkzEyEGvITfoFb/QJ34tY/8AP8D5M2C9t64MLhnHs5l+OGnCltWd9GYWl5ZXWtuF7a2Nza3jF395oqiCSFBg14INsuUcCZDw3NNId2KIEIl0PLHV1nfusRpGKBf6/HITiCDHzmMUp0KvXMA69HrmzrIbatJO5KgW+gmfTMslWxJsCLxM5JGeWo98yfbj+gkQBfU06U6thWqJ2YSM0oh6TUjRSEhI7IADop9YkA5cST7xN8nCp97AUyHV/jifr3IiZCqbFw001B9FDNe5n4n9eJtHfpxMwPIw0+nQZ5Ecc6wFkVuM8kUM3HKSFUsvRXTIdEEqrTwmZSXElGoLNe7PkWFkmzWrHPK6d3Z+VaNW+oiA7RETpBNrpANXSL6qiBKHpCL+gVvRnPxrvxYXxOVwtGfrOPZmB8/QL/X5yT</latexit>

fa = 1010GeV
<latexit sha1_base64="nQOpEkemvqDQ+Nop/YnrF0QrUfo=">AAACHnicbVDLSgMxFM34rPVVdekmtIguSplppbosuNBlBfuAzlAy6W0bmswMSUYow+z9DL/ArX6BO3GrH+B/mD4WtvXA5R7OuZebHD/iTGnb/rbW1jc2t7YzO9ndvf2Dw9zRcVOFsaTQoCEPZdsnCjgLoKGZ5tCOJBDhc2j5o5uJ33oEqVgYPOhxBJ4gg4D1GSXaSN1cXnQTp5wWxbnplWK5krqKCezYduJKgW+hmXZzBbtkT4FXiTMnBTRHvZv7cXshjQUEmnKiVMexI+0lRGpGOaRZN1YQEToiA+gYGhABykumf0nxmVF6uB9KU4HGU/XvRkKEUmPhm0lB9FAtexPxP68T6/61l7AgijUEdHaoH3OsQzwJBveYBKr52BBCJTNvxXRIJKHaxLdwxZdkBHqSi7OcwipplktOtVS5vyzUqvOEMugU5dEFctAVqqE7VEcNRNETekGv6M16tt6tD+tzNrpmzXdO0AKsr1/wLaEx</latexit>

m12,m
0
13,23 ⇠ 100GeV

• Both of the soft parameters are needed to be large  in incleasing   .                                                                                                                                                                                                           <latexit sha1_base64="xFAGBBi1ifuvj4MdReM/E8UFrvQ=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqRI8BLx4jmgckS5id9CZDZmaXmVkhhOAXeNUv8CZe/RY/wP9wkuzBJBY0FFXddHeFCWfaeN63k1tb39jcym8Xdnb39g+Kh0cNHaeKYp3GPFatkGjkTGLdMMOxlSgkIuTYDIe3U7/5hEqzWD6aUYKBIH3JIkaJsdKD6JJuseSVvRncVeJnpAQZat3iT6cX01SgNJQTrdu+l5hgTJRhlOOk0Ek1JoQOSR/blkoiUAfj2akT98wqPTeKlS1p3Jn6d2JMhNYjEdpOQcxAL3tT8T+vnZroJhgzmaQGJZ0vilLumtid/u32mEJq+MgSQhWzt7p0QBShxqazsCVUZIhmYnPxl1NYJY2Lsl8pX95flaqVLKE8nMApnIMP11CFO6hBHSj04QVe4c15dt6dD+dz3ppzspljWIDz9QvcE5YZ</latexit>ma

<latexit sha1_base64="mVok8tAndHaDVU+Bi9X/h7/F+gQ="></latexit>

VI 3 �m0
ije

±3i ã
fa (�†

i�j)
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•             charge:

Neutrino masses

23

If we introduce righthanded neutrinos Ni, we can explain the neutrino mass by 
the seesaw mechanism. 

<latexit sha1_base64="WE0Vr68in6Dr/P1xRAQ2wJfir34=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJViEFmpJVFQEoeDFk7RgP6ANYbPdtks3m7C7EWroL/HiQRGv/hRv/hu3bQ7a+mDg8d4MM/P8iFGpbPvbyKysrq1vZDdzW9s7u3lzb78pw1hg0sAhC0XbR5IwyklDUcVIOxIEBT4jLX90O/Vbj0RIGvIHNY6IG6ABp32KkdKSZ+brxXuPlm6KTvnEKdslzyzYFXsGa5k4KSlAippnfnV7IY4DwhVmSMqOY0fKTZBQFDMyyXVjSSKER2hAOppyFBDpJrPDJ9axVnpWPxS6uLJm6u+JBAVSjgNfdwZIDeWiNxX/8zqx6l+5CeVRrAjH80X9mFkqtKYpWD0qCFZsrAnCgupbLTxEAmGls8rpEJzFl5dJ87TiXFTO6ueF6nUaRxYO4QiK4MAlVOEOatAADDE8wyu8GU/Gi/FufMxbM0Y6cwB/YHz+AOFckJ4=</latexit>

Q(Ni) = (1,�1, 0)

• Lagrangian for neutrinos:

0.0 0.2 0.4 0.6 0.8 1.0
10-5

10-4

0.001

0.010

0.100

1

Sin θ122
Si
n
θ 1
32

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

Sin θ122

Si
n
θ 2
32

<latexit sha1_base64="pkuchbVscS2q0eMIvp0MCpUPDe8="></latexit>

L = y1L̄eN1�̃3 + y2L̄⌧N2�̃3 + y3L̄µN3�̃3

+
1

2
(MN )ijN̄

c
i Nj + h.c.

<latexit sha1_base64="+gYzV7bs8ODWl1hNT6b3W1USrg0="></latexit>

(yN )ijN̄
c
i NjS0,1,2̄

<latexit sha1_base64="dNXFBWDe7NxDwLiFSwolMEkMYZs="></latexit>

(MN )ij ⇠

0

@
hS2̄i hS0i 0
hS0i 0 hS1i
0 hS1i hS0i

1

A

• Neutrino mass and mixing (                                   )

[1811.05487]

If 
<latexit sha1_base64="NGqfGBM0fpZQscej/GzQJIy1xC8=">AAACDnicbVDLSsNAFJ3UV62vWJduBotQNyVRqS4LblxpBfuAJpbJdNIOnUnCzEQMIf/gF7jVL3Anbv0FP8D/cNpmYVsPXDiccy/ncryIUaks69sorKyurW8UN0tb2zu7e+Z+uS3DWGDSwiELRddDkjAakJaiipFuJAjiHiMdb3w18TuPREgaBvcqiYjL0TCgPsVIaalvlpOHG0dSnjoYMXibVe2TvlmxatYUcJnYOamAHM2++eMMQhxzEijMkJQ924qUmyKhKGYkKzmxJBHCYzQkPU0DxIl00+nvGTzWygD6odATKDhV/16kiEuZcE9vcqRGctGbiP95vVj5l25KgyhWJMCzID9mUIVwUgQcUEGwYokmCAuqf4V4hATCStc1l+IJNCYq073Yiy0sk/Zpza7Xzu7OK4163lARHIIjUAU2uAANcA2aoAUweAIv4BW8Gc/Gu/FhfM5WC0Z+cwDmYHz9Aswdm/I=</latexit>

yN ⇠ O(1)

Global fit oscillation data (3σ)

<latexit sha1_base64="+8FBLGYHXu/FLZLs0zJDRbcxmjo=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgxbCrEj0GvHhMwDwgWcLspDcZMvtgZlYIy36BV/0Cb+LVj/ED/A8nyR5MYkFDUdVNd5cXC660bX9bhY3Nre2d4m5pb//g8Kh8fNJWUSIZtlgkItn1qELBQ2xprgV2Y4k08AR2vMnDzO88o1Q8Cp/0NEY3oKOQ+5xRbaTm1aBcsav2HGSdODmpQI7GoPzTH0YsCTDUTFCleo4dazelUnMmMCv1E4UxZRM6wp6hIQ1Quen80IxcGGVI/EiaCjWZq38nUhooNQ080xlQPVar3kz8z+sl2r93Ux7GicaQLRb5iSA6IrOvyZBLZFpMDaFMcnMrYWMqKdMmm6UtnqQT1JnJxVlNYZ20r6tOrXrTvK3Ua3lCRTiDc7gEB+6gDo/QgBYwQHiBV3izMuvd+rA+F60FK585hSVYX7/5zJUF</latexit>�

<latexit sha1_base64="CS7tmjtzOpkurnjAh7CxhZ4HUH0=">AAACHHicbVDLSgMxFM3UV31XXboJFsGNZUaluizowo2i0FahnQ6Z9I4NTTJjkhHKMFs/wy9wq1/gTtwKfoD/YVq7UOuBwLnn3Mu9OWHCmTau++EUpqZnZueK8wuLS8srq6W19aaOU0WhQWMeq+uQaOBMQsMww+E6UUBEyOEq7B8P/as7UJrFsm4GCfiC3EgWMUqMlYISFkHWlmne1kzAra1OOvWzIDvPO9mul9syKJXdijsCniTemJTRGBdB6bPdjWkqQBrKidYtz02MnxFlGOWQL7RTDQmhfXIDLUslEaD9bPSTHG9bpYujWNknDR6pPycyIrQeiNB2CmJ6+q83FP/zWqmJjvyMySQ1IOn3oijl2MR4GAvuMgXU8IElhCpmb8W0RxShxob3a0uoSB9MbnPx/qYwSZp7Fa9a2b88KNeq44SKaBNtoR3koUNUQ6foAjUQRffoET2hZ+fBeXFenbfv1oIzntlAv+C8fwGnRaJV</latexit>

m⌫ ' mT
DM�1

N mD

<latexit sha1_base64="nrMMxRL7zZ8gXRCKH4drOo7Nu4U="></latexit>

mD = diag(y1, y2, y3)
v3p
2

<latexit sha1_base64="Y39aaSa6unnyFa0c8KryhZqjow8="></latexit>

U †
PMNSm⌫UPMNS = diag(m1,m2,m3)

Large neutrino mixings are checked by scanning                      .

<latexit sha1_base64="pl5AF+Dgu3eqklOXwQld8V0t1Vc=">AAACAHicbVBNS8NAEJ34WetX1aOXYBHqpSRa1GNBEI8VTFtoQ9lsJ+3azSbsboRSevEXeNVf4E28+k/8Af4Pt20OtvXBwOO9GWbmBQlnSjvOt7Wyura+sZnbym/v7O7tFw4O6ypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AgGNxO/8YRSsVg86GGCfkR6goWMEm2kuldyzzq3nULRKTtT2MvEzUgRMtQ6hZ92N6ZphEJTTpRquU6i/RGRmlGO43w7VZgQOiA9bBkqSITKH02vHdunRunaYSxNCW1P1b8TIxIpNYwC0xkR3VeL3kT8z2ulOrz2R0wkqUZBZ4vClNs6tiev210mkWo+NIRQycytNu0TSag2Ac1tCSQZoB6bXNzFFJZJ/bzsXpYv7ivFaiVLKAfHcAIlcOEKqnAHNfCAwiO8wCu8Wc/Wu/Vhfc5aV6xs5gjmYH39AspsloQ=</latexit>

U(1)F
(Type A)

Same assignment  
as  eRi

<latexit sha1_base64="C9bXrBPwHwihsTlr/XQshMVOssQ=">AAACFXicbVDLSsNAFJ3UV62vqCtxM1iEClISLeqy4MaNUsE+oAlhMp20YycPZiZCGKKf4Re41S9wJ25d+wH+h0nbhW09cOFwzr3ce48bMSqkYXxrhYXFpeWV4mppbX1jc0vf3mmJMOaYNHHIQt5xkSCMBqQpqWSkE3GCfJeRtju8zP32A+GChsGdTCJi+6gfUI9iJDPJ0fcsBVXi0PT4sXLtqJv0yFH0PoVW6uhlo2qMAOeJOSFlMEHD0X+sXohjnwQSMyRE1zQiaSvEJcWMpCUrFiRCeIj6pJvRAPlE2Gr0QgoPM6UHvZBnFUg4Uv9OKOQLkfhu1ukjORCzXi7+53Vj6V3YigZRLEmAx4u8mEEZwjwP2KOcYMmSjCDMaXYrxAPEEZZZalNbXI6GROa5mLMpzJPWSdU8q57e1sr12iShItgHB6ACTHAO6uAKNEATYPAEXsAreNOetXftQ/sctxa0ycwumIL29QvKtJ83</latexit>

{yi, (MN )ij}

<latexit sha1_base64="pKJXbqI/AlzoDAem11Ft3lChnhk="></latexit>

/ y2i v
2

vS

<latexit sha1_base64="9/LX1KzuY7danXnvQxQgWr/HNgc="></latexit>

⇠ 0.1eV
⇣ yi
0.01

⌘2
✓
1010GeV

vS

◆
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The anomaly-free axion can acomodate XENON 1T excess?

25

We discuss the if the anomalfy-free axion can acomodate XENON 1T excess in 
considering expereimental constraint and theoretical constraints.

• Favored region for the XENON1T excess: [I. M. Bloch, A. Caputo, et. al., 2006.14521]

<latexit sha1_base64="+2l5sUzxr4G0KrE3m/9KO0zSNMA=">AAACBHicbVDLSsNAFJ3UV62vqstuBovgqiZV1GWhC11WsA9IQ5hMb9qhkwczE6GECG78FTcuFHHrR7jzb5ymXWjrgQtnzrmXufd4MWdSmea3UVhZXVvfKG6WtrZ3dvfK+wcdGSWCQptGPBI9j0jgLIS2YopDLxZAAo9D1xs3p373HoRkUXinJjE4ARmGzGeUKC255UrTTfsiwOD72anvkgc7f15DJ3PcctWsmTnwMrHmpIrmaLnlr/4gokkAoaKcSGlbZqyclAjFKIes1E8kxISOyRBsTUMSgHTS/IgMH2tlgP1I6AoVztXfEykJpJwEnu4MiBrJRW8q/ufZifKvnJSFcaIgpLOP/IRjFeFpInjABFDFJ5oQKpjeFdMREYQqnVtJh2AtnrxMOvWadVE7uz2vNurzOIqogo7QCbLQJWqgG9RCbUTRI3pGr+jNeDJejHfjY9ZaMOYzh+gPjM8fHUKXtw==</latexit>

C
e↵
/f

a
[G

eV
]

• Thoretical bounds:

-  Potential bounded from below

-  Perturvativity for the running 
coupling constants (up to           )

<latexit sha1_base64="gH9y130OGAV9AGFmYXmfe9azV9s=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaaKuhEKbly4qGAfMB3KnUymDc0kQ5IRytDPcONCEbd+jTv/xrSdhbYeCBzOOZfce8KUM21c99tZWV1b39gsbZW3d3b39isHh20tM0Voi0guVTcETTkTtGWY4bSbKgpJyGknHN1O/c4TVZpJ8WjGKQ0SGAgWMwLGSn7v3kYjuIn70K9U3Zo7A14mXkGqqECzX/nqRZJkCRWGcNDa99zUBDkowwink3Iv0zQFMoIB9S0VkFAd5LOVJ/jUKhGOpbJPGDxTf0/kkGg9TkKbTMAM9aI3Ff/z/MzE10HORJoZKsj8ozjj2Eg8vR9HTFFi+NgSIIrZXTEZggJibEtlW4K3ePIyaddr3mXt/OGi2qgXdZTQMTpBZ8hDV6iB7lATtRBBEj2jV/TmGOfFeXc+5tEVp5g5Qn/gfP4Aw72Q4A==</latexit>

⇤ = fa

• Experimental bounds:
-  Higgs signal strength

-  B meson decay, mixing

-  S,T parameters

• Constraints:

• We scan input parameters to seek the viable 
parameter space.

Alignment limit <latexit sha1_base64="5oj8C7vY54gWeYw5mwCuhYmgY2s=">AAACDHicdVBLSwMxGMz6rPVV9eglWAQPsuxD+jgIRS8eK9gHdJeSTdM2NJtdkqxQlvbuxb/ixYMiXv0B3vw3pu0KKjoQMszMR/JNEDMqlWV9GEvLK6tr67mN/ObW9s5uYW+/KaNEYNLAEYtEO0CSMMpJQ1HFSDsWBIUBI61gdDnzW7dESBrxGzWOiR+iAad9ipHSUrdQ9BCLh6hrn3sBUfo+nWaKkynOVKcs06o6jluClmm7lXLV1aRiu5pC27TmKIIM9W7h3etFOAkJV5ghKTu2FSs/RUJRzMgk7yWSxAiP0IB0NOUoJNJP58tM4LFWerAfCX24gnP1+0SKQinHYaCTIVJD+dubiX95nUT1K35KeZwowvHioX7CoIrgrBnYo4JgxcaaICyo/ivEQyQQVrq/vC7ha1P4P2k6pl0y3euzYu0iqyMHDsEROAE2KIMauAJ10AAY3IEH8ASejXvj0XgxXhfRJSObOQA/YLx9Av3Zmvw=</latexit>

↵1 = �1, ↵2 = �2

<latexit sha1_base64="oJD/Sw6EZC36Fqolnbqo3BjOo4U=">AAAB/3icdVDLSgMxFM34rPVVFdy4CRbBVZnU0seu4MZlBfuATimZNG1DM5khuSOUsQt/xY0LRdz6G+78GzNtBRU9EDiccy735viRFAZc98NZWV1b39jMbGW3d3b39nMHhy0TxprxJgtlqDs+NVwKxZsgQPJOpDkNfMnb/uQy9du3XBsRqhuYRrwX0JESQ8EoWKmfO/aAqsTzOdB+ceaNwEYDTPq5vFtwXZcQglNCKmXXklqtWiRVTFLLIo+WaPRz794gZHHAFTBJjekSN4JeQjUIJvks68WGR5RN6Ih3LVU04KaXzO+f4TOrDPAw1PYpwHP1+0RCA2OmgW+TAYWx+e2l4l9eN4ZhtZcIFcXAFVssGsYSQ4jTMvBAaM5ATi2hTAt7K2ZjqikDW1nWlvD1U/w/aRULpFy4uC7l66VlHRl0gk7ROSKoguroCjVQEzF0hx7QE3p27p1H58V5XURXnOXMEfoB5+0TD+KWGg==</latexit>

tan�2 & 1

<latexit sha1_base64="SCvekEl9IEMR/7Xf9kGeI+AcicM="></latexit>

m� ' M (0)
ij

<latexit sha1_base64="T4YtTaQ+Ynw0r/p7Bn5gk0rk98o=">AAACJHicbVDLSgMxFM3UV62vUZdugkVwY5mppQpuim5cVrAPaMchk962ocnMkGSEMvRj3Pgrblz4wIUbv8X0AWrrgcDhnHO5uSeIOVPacT6tzNLyyupadj23sbm1vWPv7tVVlEgKNRrxSDYDooCzEGqaaQ7NWAIRAYdGMLga+417kIpF4a0exuAJ0gtZl1GijeTbF8W2ZgIUdp279MQtjXCbg1KKCdzzUwLwI+TKc1HfzjsFZwK8SNwZyaMZqr791u5ENBEQasqJUi3XibWXEqkZ5TDKtRMFMaED0oOWoSEx27x0cuQIHxmlg7uRNC/UeKL+nkiJUGooApMURPfVvDcW//Naie6eeykL40RDSKeLugnHOsLjxnCHSaCaDw0hVDLzV0z7RBKqTa85U4I7f/IiqRcLbrlwelPKVy5ndWTRATpEx8hFZ6iCrlEV1RBFD+gJvaBX69F6tt6tj2k0Y81m9tEfWF/fHByjQg==</latexit>

2⇥ 10�14 . gaee . 6⇥ 10�14

<latexit sha1_base64="mVok8tAndHaDVU+Bi9X/h7/F+gQ="></latexit>

VI 3 �m0
ije

±3i ã
fa (�†

i�j)
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Axion mass

26

• Negative corrections for tanβ2  (also for tanβ1)

XENON1T excess
<latexit sha1_base64="gdccd34bF7v+cEz7zWgZgAVp+Zo="></latexit>

Vsoft = �
h
m2

12

⇣
�†
1�2

⌘
+ h.c.

i
The only source of the U(1)F 
breaking. 

In  , the effect of U(1)F breaking is suppressed.
<latexit sha1_base64="n03CYS1+Q2Pzbzc623U19fNqIIk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5LUoh4LXjxWsB/QhLLZbtOlm03YnYgl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tkobm1vbO+Xdyt7+weGRfVzt6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt3O/98iU5rF8gFnC/IiEko85JWCkoV31gMjMCxiQYSP3whC7Q7vm1J0F8DpxC1JDBdpD+8sbxTSNmAQqiNYD10nAz4gCTgXLK16qWULolIRsYKgkEdN+trg9x+dGGeFxrExJwAv190RGIq1nUWA6IwITverNxf+8QQrjGz/jMkmBSbpcNE4FhhjPg8AjrhgFMTOEUMXNrZhOiCIUTFwVE4K7+vI66Tbq7lX98r5ZazWLOMroFJ2hC+Sia9RCd6iNOoiiJ/SMXtGblVsv1rv1sWwtWcXMCfoD6/MHW1+T9A==</latexit>

tan�2 � 1

• Positive corrections for m12  (also for m13, m23)

• Favored region for XENON1T excess restricts
   the range of these parameters.

<latexit sha1_base64="Xd7+fra8DvMcqXc3f35qdEOCYnA=">AAACDHicbVC9TsMwGHT4LeWvwMhiUSExVUlAwFjBwlgk+iO1aeS4TmvVdiLbqVRFeQAWXoWFAYRYeQA23ganzQAtJ1k6390n+7sgZlRp2/62VlbX1jc2S1vl7Z3dvf3KwWFLRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB8m/vtCZGKRuJBT2PicTQUNKQYaSP5lSr3Ud/tKcoh91PHzcwllAink76bpWFuZiZl1+wZ4DJxClIFBRp+5as3iHDCidCYIaW6jh1rL0VSU8xIVu4lisQIj9GQdA0ViBPlpbNlMnhqlAEMI2mO0HCm/p5IEVdqygOT5EiP1KKXi/953USH115KRZxoIvD8oTBhUEcwbwYOqCRYs6khCEtq/grxCJkutOmvbEpwFldeJi235lzWzu8vqvWboo4SOAYn4Aw44ArUwR1ogCbA4BE8g1fwZj1ZL9a79TGPrljFzBH4A+vzB+8emu4=</latexit>

m2
a ⇠ m2

12
v2

f2
a

‘ ‘

<latexit sha1_base64="Mpw+5EmsspGDzr4O5gPKDNOWzEc=">AAACCnicbVDLSgNBEJz1GeMr6tHLaBA8hd0kqMeAF48RzAOyIcxOOsmQ2dllplcIS85e/BUvHhTx6hd482+cPBBNLGgoqrrp7gpiKQy67pezsrq2vrGZ2cpu7+zu7ecODusmSjSHGo9kpJsBMyCFghoKlNCMNbAwkNAIhtcTv3EP2ohI3eEohnbI+kr0BGdopU7uxPMlGGNESH1kKvUDQNYpjn/UUieXdwvuFHSZeHOSJ3NUO7lPvxvxJASFXDJjWp4bYztlGgWXMM76iYGY8SHrQ8tSxUIw7XT6ypieWaVLe5G2pZBO1d8TKQuNGYWB7QwZDsyiNxH/81oJ9q7aqVBxgqD4bFEvkRQjOsmFdoUGjnJkCeNa2FspHzDNONr0sjYEb/HlZVIvFryLQum2nK+U53FkyDE5JefEI5ekQm5IldQIJw/kibyQV+fReXbenPdZ64oznzkif+B8fAMAi5pr</latexit>

1 . tan�2 . 3
<latexit sha1_base64="bHRsliWjxGCtDs5Q9Lp4rB29Vfo=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYt2mXBhS4r2Ae0w5BJ77ShycyQZIQy9Dvc+CtuXCjiTtz4N6bt4KP1QODknHNJ7vFjzpS27U9rZXVtfWMzt5Xf3tnd2y8cHLZUlEgKTRrxSHZ8ooCzEJqaaQ6dWAIRPoe2P7qc+u07kIpF4a0ex+AKMghZwCjRRvIKjlOz054U+Apakx4HpRQTWHipU57g73ul/BPyCkW7ZM+Al4mTkSLK0PAK771+RBMBoaacKNV17Fi7KZGaUQ6TfC9REBM6IgPoGhoSAcpNZ6tN8KlR+jiIpDmhxjP190RKhFJj4ZukIHqoFr2p+J/XTXRQc1MWxomGkM4fChKOdYSnPeE+k0A1HxtCqGTmr5gOiSRUmzbzpgRnceVl0iqXnPNS5aZarFezOnLoGJ2gM+SgC1RH16iBmoiie/SIntGL9WA9Wa/W2zy6YmUzR+gPrI8vICOfpg==</latexit>

180GeV . m12 . 320GeV, 

 [KS, F. Takahashi ]
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Accommodation of XENON 1T excess

27

 [KS, F. Takahashi ]

<latexit sha1_base64="FEiqf+CWeR9v3y9qoPIx4lgE/5A=">AAACCXicbVDLSsNAFJ3Ud31VXboZLIKrklSpLgU3LitYFZoQJtMbO3QyiTM3hRKydeOvuHGhiFv/wJ1/4/Sx8HXgXg7n3MvMPVEmhUHX/XQqc/MLi0vLK9XVtfWNzdrW9pVJc82hw1OZ6puIGZBCQQcFSrjJNLAkknAdDc7G/vUQtBGpusRRBkHCbpWIBWdopbBGfWTKjwBZ6Plwl4uhH2vGi2HYLG3zyrBWdxvuBPQv8WakTmZoh7UPv5fyPAGFXDJjup6bYVAwjYJLKKt+biBjfMBuoWupYgmYoJhcUtJ9q/RonGpbCulE/b5RsMSYURLZyYRh3/z2xuJ/XjfH+CQohMpyBMWnD8W5pJjScSy0JzRwlCNLGNfC/pXyPrNJoA2vakPwfp/8l1w1G16rcXhxVD9tzeJYJrtkjxwQjxyTU3JO2qRDOLknj+SZvDgPzpPz6rxNRyvObGeH/IDz/gUOU5qJ</latexit>

tan�1 ⌘ v2
v1

<latexit sha1_base64="kqLWZbFfVxUpkfJBwtH49tUQqyE=">AAACGHicbZBNS8NAEIY3ftb6VfXoJVgEQahJlOqx4MVjBatCU8NmO9HFzSbuTgIl5Gd48a948aCIV2/+G7c1B79eWHh4Z4bZecNUcI2O82FNTc/Mzs3XFuqLS8srq4219XOdZIpBjyUiUZch1SC4hB5yFHCZKqBxKOAivD0e1y9yUJon8gxHKQxiei15xBlFYwWNPR+p9ENAGng+3GU89yNFWZEH+2Xh6zuFBt0rbzcPvCuvLING02k5E9l/wa2gSSp1g8a7P0xYFoNEJqjWfddJcVBQhZwJKOt+piGl7JZeQ9+gpDHoQTE5rLS3jTO0o0SZJ9GeuN8nChprPYpD0xlTvNG/a2Pzv1o/w+hoUHCZZgiSfS2KMmFjYo9TsodcAUMxMkCZ4uavNruhJhg0WdZNCO7vk//Cuddy263904Nmp13FUSObZIvsEJcckg45IV3SI4zck0fyTF6sB+vJerXevlqnrGpmg/yQ9f4JZX6gkQ==</latexit>

tan�2 ⌘ v3p
v21 + v22

,

<latexit sha1_base64="kh5uD+zCKLDW/kn8ernhqAAIXDQ="></latexit>

m�(= mH2,3 = m
H

±
1,2

' mA1,2) [GeV]
<latexit sha1_base64="kh5uD+zCKLDW/kn8ernhqAAIXDQ="></latexit>

m�(= mH2,3 = m
H

±
1,2

' mA1,2) [GeV]

→  mΦ should be heavier than around 500 GeV for the scenario to explain XENON1T excess.

→  There is a correlation between mΦ and tanβ1,2 Characteristic decay pattern of  Φ.

w XENON1T
w/o XENON1T



/35

2 4 6 8 10

10-4

0.001

0.010

0.100

1

Tanβ2

B
R
(H
2
-
>
X
X
)

Predictions for decays of the heavy Higgs bosons

28

• The XENON1T scenario predicts a similar decay pattern of H2 except for H2 –> ττ .

tt

ττ

bb

<latexit sha1_base64="gD5MY6TglbHXurjWJxeUEG7GBq0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqe62ol6EghePFewHdNcym6ZtaDYbkqxSlv4PLx4U8ep/8ea/MW33oK0PBh7vzTAzL5ScaeO6305uZXVtfSO/Wdja3tndK+4fNHWcKEIbJOaxaoegKWeCNgwznLalohCFnLbC0c3Ubz1SpVks7s1Y0iCCgWB9RsBY6cEHLofQrV77kp1VusWSW3ZnwMvEy0gJZah3i19+LyZJRIUhHLTueK40QQrKMMLppOAnmkogIxjQjqUCIqqDdHb1BJ9YpYf7sbIlDJ6pvydSiLQeR6HtjMAM9aI3Ff/zOonpXwUpEzIxVJD5on7CsYnxNALcY4oSw8eWAFHM3orJEBQQY4Mq2BC8xZeXSbNS9i7K1bvzUq2SxZFHR+gYnSIPXaIaukV11EAEKfSMXtGb8+S8OO/Ox7w152Qzh+gPnM8fbiGRxQ==</latexit>

↵3 = ⇡/2
<latexit sha1_base64="yXsoVPGMeVkqoR/H7kTYIJcyZZc=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4qrutVC9CwYvHCvYDumvJptk2NJsNSVYppf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCyVn2rjut7Oyura+sZnbym/v7O7tFw4OmzpJFaENkvBEtUOsKWeCNgwznLalojgOOW2Fw5up33qkSrNE3JuRpEGM+4JFjGBjpQcfcznA3cq1L9l5tVsouiV3BrRMvIwUIUO9W/jyewlJYyoM4VjrjudKE4yxMoxwOsn7qaYSkyHu046lAsdUB+PZ1RN0apUeihJlSxg0U39PjHGs9SgObWeMzUAvelPxP6+TmugqGDMhU0MFmS+KUo5MgqYRoB5TlBg+sgQTxeytiAywwsTYoPI2BG/x5WXSLJe8aqlyd1GslbM4cnAMJ3AGHlxCDW6hDg0goOAZXuHNeXJenHfnY9664mQzR/AHzucPdDGRyQ==</latexit>

↵3 = ⇡/6

<latexit sha1_base64="vM5kAK+V5C54eOKmAmrsJZ8bfC4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5LUUt0IBRd2WcG2QhvCZDpph85MwsxEqCH4K25cKOLW/3Dn3zhts9DWAxcO59zLvfcEMaNKO863VVhZXVvfKG6WtrZ3dvfs/YOOihKJSRtHLJL3AVKEUUHammpG7mNJEA8Y6Qbj66nffSBS0Ujc6UlMPI6GgoYUI20k3z7iftr0q9lV3XHSvuTwhnQy3y47FWcGuEzcnJRBjpZvf/UHEU44ERozpFTPdWLtpUhqihnJSv1EkRjhMRqSnqECcaK8dHZ9Bk+NMoBhJE0JDWfq74kUcaUmPDCdHOmRWvSm4n9eL9HhpZdSESeaCDxfFCYM6ghOo4ADKgnWbGIIwpKaWyEeIYmwNoGVTAju4svLpFOtuPXK+W2t3KjlcRTBMTgBZ8AFF6ABmqAF2gCDR/AMXsGb9WS9WO/Wx7y1YOUzh+APrM8f6RqUMg==</latexit>

mH2 = 600GeV
<latexit sha1_base64="T78vautX6H8AuBD2IDn1scavCxk=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5BofWyEghuXFewD2hAm00k7dDIJMzdCDf0SNy4UceunuPNvnLZZaPXAhcM593LvPWEquAbX/bJKK6tr6xvlzcrW9s5u1d7bb+skU5S1aCIS1Q2JZoJL1gIOgnVTxUgcCtYJxzczv/PAlOaJvIdJyvyYDCWPOCVgpMCuQpD3QwYk8KbXnnMe2DXXcefAf4lXkBoq0Azsz/4goVnMJFBBtO55bgp+ThRwKti00s80SwkdkyHrGSpJzLSfzw+f4mOjDHCUKFMS8Fz9OZGTWOtJHJrOmMBIL3sz8T+vl0F05edcphkwSReLokxgSPAsBTzgilEQE0MIVdzciumIKELBZFUxIXjLL/8l7VPHu3DO7uq1Rr2Io4wO0RE6QR66RA10i5qohSjK0BN6Qa/Wo/VsvVnvi9aSVcwcoF+wPr4Bn72SXw==</latexit>

t�1 = 1.5

XENON 1T excess

<latexit sha1_base64="N/TM/YHoBRHcRm5cMtfLYiJF2FU="></latexit>

⇠⌧
H2

= � t�1

c�2

c↵3 + t�2s↵3

<latexit sha1_base64="3rbJEer5u4Q8HqG0xroiUCmRLbQ="></latexit>

⇠t,b
H2

= � 1

t�2

s↵3

2HDM Type II

• BR(H2 –> ττ) is relatively larger than the case of Type II 2HDM. 
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• For h—>γγ , H1,2 contributes. 

Predictions for the Higgs couplings

29

±

<latexit sha1_base64="GPYcgQSKhUDzA/cn5lwz8+WX5UE=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kCEznWq7K7jpsoJ9QGcsmTRtQzMzIckIZehvuHGhiFt/xp1/Y/oQVPTAhcM593LvPaHgTGmEPqzc2vrG5lZ+u7Czu7d/UDw8aqsklYS2SMIT2Q2xopzFtKWZ5rQrJMVRyGknnFzP/c49lYol8a2eChpEeBSzISNYG8mHjTtfRP3MuXBn/WIJ2bUa8rwKRHYFua5bNQSV3WrNgY6NFiiBFZr94rs/SEga0VgTjpXqOUjoIMNSM8LprOCnigpMJnhEe4bGOKIqyBY3z+CZUQZwmEhTsYYL9ftEhiOlplFoOiOsx+q3Nxf/8nqpHlaDjMUi1TQmy0XDlEOdwHkAcMAkJZpPDcFEMnMrJGMsMdEmpoIJ4etT+D9pu7ZzaZdvvFLdW8WRByfgFJwDB1yBOmiAJmgBAgR4AE/g2UqtR+vFel225qzVzDH4AevtEytKkRo=</latexit>

H
±
1,2

<latexit sha1_base64="OSYU8KPxpVIidCo8AWNUU48vvt0="></latexit>

�
H1H

±
i H

±
i
v = m2

H1
+ 2(m2

H
±
i
�M2

12)

•  due to perturbativity for running couplngs
<latexit sha1_base64="RMZum96cF+2t67u3LPiggenrA/s=">AAACCnicbVC7SgNBFJ31GeNr1dJmNASswm4MahnQwjKCeUA2hLuTm2TIzO4yMyuEkNrGX7GxUMTWL7Dzb5w8Ck08cOHMOfcy954wEVwbz/t2VlbX1jc2M1vZ7Z3dvX334LCm41QxrLJYxKoRgkbBI6wabgQ2EoUgQ4H1cHA98esPqDSPo3szTLAloRfxLmdgrNR2T4IbFAZoMIAkgXbQAyntS6DWmktaDPJtN+cVvCnoMvHnJEfmqLTdr6ATs1RiZJgArZu+l5jWCJThTOA4G6QaE2AD6GHT0ggk6tZoesqY5q3Sod1Y2YoMnaq/J0YgtR7K0HZKMH296E3E/7xmarpXrRGPktRgxGYfdVNBTUwnudAOV8iMGFoCTHG7K2V9UMCMTS9rQ/AXT14mtWLBvyic35Vy5dI8jgw5JqfkjPjkkpTJLamQKmHkkTyTV/LmPDkvzrvzMWtdceYzR+QPnM8fBy2Zyw==</latexit>

�� . 2%

•  in  due to the 
constraint from Bs-Bs mixing.

<latexit sha1_base64="899mhtFnNo5OSSH+M471xRMKh6U=">AAACBHicbVC7SgNBFJ2N7/hatbQZDIJV2NWglgEtLBXMA7Ih3J3cJENmZteZWSEECxt/xcZCEVs/ws6/cfIoNPHAhTPn3Mvce+JUcGOD4NvLLSwuLa+sruXXNza3tv2d3apJMs2wwhKR6HoMBgVXWLHcCqynGkHGAmtx/2Lk1+5RG56oWztIsSmhq3iHM7BOavn70SUKCzTqQ5pCK+qClO6l8I4GLb8QFIMx6DwJp6RAprhu+V9RO2GZRGWZAGMaYZDa5hC05UzgQz7KDKbA+tDFhqMKJJrmcHzEAz10Spt2Eu1KWTpWf08MQRozkLHrlGB7ZtYbif95jcx2zptDrtLMomKTjzqZoDaho0Rom2tkVgwcAaa525WyHmhg1uWWdyGEsyfPk+pxMTwtntyUCuXSNI5Vsk8OyBEJyRkpkytyTSqEkUfyTF7Jm/fkvXjv3sekNedNZ/bIH3ifP32cl1A=</latexit>

�� 6= 0
<latexit sha1_base64="aLYPQS8J/T8qT7LNkaUXL/454KQ=">AAACIHicbVDLSgMxFM34rPVVdekmWARXZaYt1mXBhV1WsA/o1CGT3rahycyQZIQy9FPc+CtuXCiiO/0a03bA2nogcDjnXG7u8SPOlLbtL2ttfWNzazuzk93d2z84zB0dN1UYSwoNGvJQtn2igLMAGpppDu1IAhE+h5Y/up76rQeQioXBnR5H0BVkELA+o0QbyctViraNE1cKfAPNictBKcUEFl5S85x7NxK/Wmkx6eXydsGeAa8SJyV5lKLu5T7dXkhjAYGmnCjVcexIdxMiNaMcJlk3VhAROiID6BgaEAGqm8wOnOBzo/RwP5TmBRrP1MWJhAilxsI3SUH0UC17U/E/rxPr/lU3YUEUawjofFE/5liHeNoW7jEJVPOxIYRKZv6K6ZBIQrXpNGtKcJZPXiXNYsG5LJRuy/lqOa0jg07RGbpADqqgKqqhOmogih7RM3pFb9aT9WK9Wx/z6JqVzpygP7C+fwCmxqIF</latexit>

200GeV . m
H

±
1
. 300GeV

• λhhh is evaluated from the effective potential method.
   The maximal deviation is 4.3%. 

 [KS, F. Takahashi ]

If we find sizable deviations in future colliders,

3HDM with B-L Higgs can be excluded. 

HL-LHC
ILC
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Correlation between axion coupling and heavy Higgs mass [1/2]
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• An interesting aspect of considering the keV scale axion is testability in 
future X-ray observations (ATHENA, THESEUS, eROSITA, etc.). 

• In this analysis, we vary fa to survey the correlation between gae 
and heavy Higgs bosons: 

<latexit sha1_base64="wwsCjWNd3PGFmxpMZr8U6qdRBto=">AAACMnicbVDLSgMxFM3UV62vUZdugkVwVWZqfSwLLtRdBfuATi2Z9E4bmswMSUYoQ7/JjV8iuNCFIm79CNMHWFsPBM4991xu7vFjzpR2nFcrs7S8srqWXc9tbG5t79i7ezUVJZJClUY8kg2fKOAshKpmmkMjlkCEz6Hu9y9H/foDSMWi8E4PYmgJ0g1ZwCjRRmrbN66nmQCFXec+dZ0hTj0p8BXUhtjjoJRiAgdt8luczvqLM/62nXcKzhh4kbhTkkdTVNr2s9eJaCIg1JQTpZquE+tWSqRmlMMw5yUKYkL7pAtNQ0Ni1rbS8clDfGSUDg4iaV6o8VidnUiJUGogfOMURPfUfG8k/tdrJjq4aKUsjBMNIZ0sChKOdYRH+eEOk0A1HxhCqGTmr5j2iCRUm5RzJgR3/uRFUisW3LPCyW0pXy5N48iiA3SIjpGLzlEZXaMKqiKKHtELekcf1pP1Zn1aXxNrxprO7KM/sL5/ALdBqJs=</latexit>

1⇥ 1010GeV . fa . 5⇥ 1012GeV

• We discuss the implications for the heavy Higgs bosons in case that the axion is 
detected (or hints are indicated) in the future X-ray observations. 
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 [KS, F. Takahashi ]

Scan range of mΦ:
<latexit sha1_base64="irI7E/+qYqgzwFmmzrknrRUUcg8=">AAACCnicbZC7TsMwFIadcivlFmBkMVRITFVSEDB0qMQAY5F6k5oocly3tWo7ke0gVVFmFl6FhQGEWHkCNt4Gt80ALb9k6dd3ztHx+cOYUaUd59sqrKyurW8UN0tb2zu7e/b+QVtFicSkhSMWyW6IFGFUkJammpFuLAniISOdcHwzrXceiFQ0Ek09iYnP0VDQAcVIGxTYx1XHST3J4S1pZzUepF5jRLOaO4dNAwO77FScmeCycXNTBrkagf3l9SOccCI0ZkipnuvE2k+R1BQzkpW8RJEY4TEakp6xAnGi/HR2SgZPDenDQSTNExrO6O+JFHGlJjw0nRzpkVqsTeF/tV6iB9d+SkWcaCLwfNEgYVBHcJoL7FNJsGYTYxCW1PwV4hGSCGuTXsmE4C6evGza1Yp7WTm/vyjXq3kcRXAETsAZcMEVqIM70AAtgMEjeAav4M16sl6sd+tj3lqw8plD8EfW5w87+JlQ</latexit>

200GeV < m� < 10TeV

→  mΦ correlates with not only the mass of axion but also the axion-electron coupling.

→  If the axion is discovered (or some hint is indicated), we 
obtain the information of mφ.

Axion-electron coupling:
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Correlation between axion coupling and Higgs coupling 

32

•  can be searched by future X-ray observations 
such as ATHENA, THESEUS, etc.

<latexit sha1_base64="/2CKGJzWhij6dR4tEtKB94cpLSY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkqi9bEsuHFZwT6gCWEynbRDZ5IwMxFKKPgrblwo4tbvcOffOG2z0NYDA4dzzuXeOWHKmdKO822VVlbX1jfKm5Wt7Z3dPXv/oK2STBLaIglPZDfEinIW05ZmmtNuKikWIaedcHQ79TuPVCqWxA96nFJf4EHMIkawNlJgH4kAewNtAgJd5p4UaETbk8CuOjVnBrRM3IJUoUAzsL+8fkIyQWNNOFaq5zqp9nMsNSOcTipepmiKyQgPaM/QGAuq/Hx2/gSdGqWPokSaF2s0U39P5FgoNRahSQqsh2rRm4r/eb1MRzd+zuI00zQm80VRxpFO0LQL1GeSEs3HhmAimbkVkSGWmGjTWMWU4C5+eZm0z2vuVe3ivl5t1Is6ynAMJ3AGLlxDA+6gCS0gkMMzvMKb9WS9WO/WxzxasoqZQ/gD6/MH3x+VZA==</latexit>

ma & 5keV

- The predicted deviation is almost zero. 

 [KS, F. Takahashi ] ILC(1σ, 0.3%)

<latexit sha1_base64="FygoRuAq2UPeYf1PwWItc+Rzy0g=">AAACHHicbVDLSsNAFJ34rPUVdelmsAhuLIkVdVnURTdCRfugTQ2T6aQdOnk4MymUkA9x46+4caGIGxeCf+OkDaKtBwbOPede7tzjhIwKaRhf2tz8wuLScm4lv7q2vrGpb23XRRBxTGo4YAFvOkgQRn1Sk1Qy0gw5QZ7DSMMZXKR+Y0i4oIF/K0ch6Xio51OXYiSVZOsla4DCENl1i9xHdGi5HOG4dxeXKpdXiR33W60kSeubn+rQtPWCUTTGgLPEzEgBZKja+ofVDXDkEV9ihoRom0YoOzHikmJGkrwVCRIiPEA90lbURx4RnXh8XAL3ldKFbsDV8yUcq78nYuQJMfIc1ekh2RfTXir+57Uj6Z51YuqHkSQ+nixyIwZlANOkYJdygiUbKYIwp+qvEPeRykeqPPMqBHP65FlSPyqaJ8XS9XGhfJ7FkQO7YA8cABOcgjKogCqoAQwewBN4Aa/ao/asvWnvk9Y5LZvZAX+gfX4DKQCipw==</latexit>

V ⌘ g3HDM

hZZ

gSM

hZZ

� 1

• The maximal size of deviation does not exceed 1%. Perturvativity for the 
running coupling constants

- The keV scale axion can be excluded by   in future colliders. 
<latexit sha1_base64="bEa+r/wbEdQ81olsS8T8QNnSKxQ=">AAACBHicdVC7SgNBFJ31GeMramkzGAJWy242aOwCWlgqmChml+XuZJIMmX0wc1cIwcLGX7GxUMTWj7Dzb5w8BBU9MHA451zu3BNlUmh0nA9rbn5hcWm5sFJcXVvf2Cxtbbd0mivGmyyVqbqKQHMpEt5EgZJfZYpDHEl+GQ2Ox/7lDVdapMkFDjMexNBLRFcwQCOFpV3/hEsE6g8gyyC8pn4PTTqmrl8JS2XHdo6qVe+AOrbr1Q+PPEPqrmcodW1ngjKZ4SwsvfudlOUxT5BJ0LrtOhkGI1AomOS3RT/XPAM2gB5vG5pAzHUwmhxxSytG6dBuqsxLkE7U7xMjiLUexpFJxoB9/dsbi3957Ry79WAkkixHnrDpom4uKaZ03AjtCMUZyqEhwJQwf6WsDwoYmt6KpoSvS+n/pFW13QPbO6+VG7VZHQWyS/bIPnHJIWmQU3JGmoSRO/JAnsizdW89Wi/W6zQ6Z81mdsgPWG+fqVKXcg==</latexit>

�Z & 1%
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Summary
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Higgs sector Axion
DM

XENON1T excess

Correlation

( not QCD axion )
<latexit sha1_base64="Z1JVqW4nGadizyEFKv+DUgY+970=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JO8X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJb/yMyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSatW9a6qF/eXlXotj6MIJ3AK5+DBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP0p/jcM=</latexit>3 <latexit sha1_base64="4mOA8sp3A2+w2aNtD3cPPOQM7jY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXISQ1Oey4qbLCvYBbQyT6aQdOpmEmYlQQtz4K25cKOLWv3Dn3zh9LLT1wIXDOfdy7z1BwqhUjvNtFJaWV1bXiuuljc2t7R1zd68p41Rg0sAxi0U7QJIwyklDUcVIOxEERQEjrWB4M/ZbD0RIGvM7NUqIF6E+pyHFSGnJNw8GfuZWznML1qxrq3afdZMot2zb9s2yYzsTwEXizkgZzFD3za9uL8ZpRLjCDEnZcZ1EeRkSimJG8lI3lSRBeIj6pKMpRxGRXjb5IIfHWunBMBa6uIIT9fdEhiIpR1GgOyOkBnLeG4v/eZ1UhVdeRnmSKsLxdFGYMqhiOI4D9qggWLGRJggLqm+FeIAEwkqHVtIhuPMvL5JmxXYv7NPbs3K1MoujCA7BETgBLrgEVVADddAAGDyCZ/AK3own48V4Nz6mrQVjNrMP/sD4/AEDL5Sk</latexit>

h125, H,A,H
±
, ...

<latexit sha1_base64="zlQRS5j2Tjuv9gtbZhnkmUTKytQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9q+pF87JSr+VxFOEETuEcPLiGOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHwSmM3Q==</latexit>a

3HDM with B-L Higgs Anomaly-free axion
<latexit sha1_base64="RwIfhzhkF44rCuM4kJj0UedaB34=">AAACDHicdVDLSgMxFM3UV62vqks3wSK4KpMqfQhCQRCXClYLnXHIpGkbmmSGJCOUYT7Ajb/ixoUibv0Ad/6NGa2gogcCh3PO5eaeMOZMG9d9cwozs3PzC8XF0tLyyupaeX3jQkeJIrRDIh6pbog15UzSjmGG026sKBYhp5fh+Cj3L6+p0iyS52YSU1/goWQDRrCxUlCuHIoAX9XwcZB6IvFkknmG8T5Nj7OrL8Wm3KrrugghmBPUqLuWtFrNGmpClFsWFTDFaVB+9foRSQSVhnCsdQ+5sfFTrAwjnGYlL9E0xmSMh7RnqcSCaj/9OCaDO1bpw0Gk7JMGfqjfJ1IstJ6I0CYFNiP928vFv7xeYgZNP2UyTgyV5HPRIOHQRDBvBvaZosTwiSWYKGb/CskIK0yM7a9kS/i6FP5PLmpVVK/une1X2gfTOopgC2yDXYBAA7TBCTgFHUDADbgDD+DRuXXunSfn+TNacKYzm+AHnJd37FicMw==</latexit>

= m2
aaFµ⌫ F̃

µ⌫


