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Introduction

2

• So far, the standard model (SM) is successful theory that describes 
electroweak symmetry breaking. 

• However, the structure of the Higgs sector has not been clarified. 
-  Extended Higgs sectors.

-  They appear in variety of New Physics (NP) models and scenarios. 

→  We can pursue NP by investigating Higgs sector.

<latexit sha1_base64="W3ceruT41jSMlgPV1wZFa1roNvk="></latexit>

�+ � (Doublet), �+ S (Doublet), �+� (Triplet), etc.

This talk:  Radiative corrections to charged Higgs boson ( ) decays in THDMs.
<latexit sha1_base64="UvQR7+6Dko8fvzv7vQwY87ZY2Xc=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GjJtnba4KbjpsoLTCu1YMmmmDc1khiQjlKHf4MaFIm79IHf+jelDUNEDFw7n3Mu99wQJZ0oj9GHl1tY3Nrfy24Wd3b39g+LhUUfFqSTUIzGP5W2AFeVMUE8zzeltIimOAk67weRq7nfvqVQsFjd6mlA/wiPBQkawNpLXuusn0aBYQnbdrToNFyLbKV9UHGQIqjXcWgU6NlqgBFZoD4rv/WFM0ogKTThWquegRPsZlpoRTmeFfqpogskEj2jPUIEjqvxscewMnhllCMNYmhIaLtTvExmOlJpGgemMsB6r395c/MvrpTqs+xkTSaqpIMtFYcqhjuH8czhkkhLNp4ZgIpm5FZIxlphok0/BhPD1KfyfdMq249qV62qpebmKIw9OwCk4Bw6ogSZogTbwAAEMPIAn8GwJ69F6sV6XrTlrNXMMfsB6+wQPBo7a</latexit>

H
±

• Importance and quantitative size of the radiative corrections to  decays.
<latexit sha1_base64="UvQR7+6Dko8fvzv7vQwY87ZY2Xc=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GjJtnba4KbjpsoLTCu1YMmmmDc1khiQjlKHf4MaFIm79IHf+jelDUNEDFw7n3Mu99wQJZ0oj9GHl1tY3Nrfy24Wd3b39g+LhUUfFqSTUIzGP5W2AFeVMUE8zzeltIimOAk67weRq7nfvqVQsFjd6mlA/wiPBQkawNpLXuusn0aBYQnbdrToNFyLbKV9UHGQIqjXcWgU6NlqgBFZoD4rv/WFM0ogKTThWquegRPsZlpoRTmeFfqpogskEj2jPUIEjqvxscewMnhllCMNYmhIaLtTvExmOlJpGgemMsB6r395c/MvrpTqs+xkTSaqpIMtFYcqhjuH8czhkkhLNp4ZgIpm5FZIxlphok0/BhPD1KfyfdMq249qV62qpebmKIw9OwCk4Bw6ogSZogTbwAAEMPIAn8GwJ69F6sV6XrTlrNXMMfsB6+wQPBo7a</latexit>

H
±

• How can we separate 4 types of THDMs by decay patterns of  ?
<latexit sha1_base64="UvQR7+6Dko8fvzv7vQwY87ZY2Xc=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GjJtnba4KbjpsoLTCu1YMmmmDc1khiQjlKHf4MaFIm79IHf+jelDUNEDFw7n3Mu99wQJZ0oj9GHl1tY3Nrfy24Wd3b39g+LhUUfFqSTUIzGP5W2AFeVMUE8zzeltIimOAk67weRq7nfvqVQsFjd6mlA/wiPBQkawNpLXuusn0aBYQnbdrToNFyLbKV9UHGQIqjXcWgU6NlqgBFZoD4rv/WFM0ogKTThWquegRPsZlpoRTmeFfqpogskEj2jPUIEjqvxscewMnhllCMNYmhIaLtTvExmOlJpGgemMsB6r395c/MvrpTqs+xkTSaqpIMtFYcqhjuH8czhkkhLNp4ZgIpm5FZIxlphok0/BhPD1KfyfdMq249qV62qpebmKIw9OwCk4Bw6ogSZogTbwAAEMPIAn8GwJ69F6sV6XrTlrNXMMfsB6+wQPBo7a</latexit>

H
±

THDMs: two Higgs doublet models

SUSY, WIMP dark matter, generation of  neutrino mass, electroweak baryogenesis, …
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Two Higgs doublet models (THDMs)
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mH, cos α, m2
s , μS, λS

• Mass eigenstates:
<latexit sha1_base64="fQ6K0B21bdQt7/6B2wiPE4HFM0E="></latexit>✓
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<latexit sha1_base64="fIXmonh1JojnedzWVVSHSDl8JKY="></latexit>✓
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• Input parameters:

• Z2  symmetry is imposed : <latexit sha1_base64="DqZ4KTQGJCEsov/iwhmTyyLCDZ4=">AAACInicbZDLSsNAFIYn9VbrLerSzWARBLUkVbzgpuDGZQV7gSaEyWTSDp1cnJkoJfRZ3Pgqblwo6krwYZwmWdTqgYF/vv8cZs7vxowKaRhfWmlufmFxqbxcWVldW9/QN7faIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOMOryZ+555wQaPwVo5iYgeoH1KfYiQVcvQLqzmgjmlx2h9IxHn0AA9ydGjdJciD2aU+7R/lyNGrRs3ICv4VZiGqoKimo39YXoSTgIQSMyREzzRiaaeIS4oZGVesRJAY4SHqk56SIQqIsNNsxTHcU8SDfsTVCSXM6PREigIhRoGrOgMkB2LWm8D/vF4i/XM7pWGcSBLi/CE/YVBGcJIX9CgnWLKREghzqv4K8QBxhKVKtaJCMGdX/iva9Zp5Wju+Oak2Los4ymAH7IJ9YIIz0ADXoAlaAINH8AxewZv2pL1o79pn3lrSiplt8Ku07x8BxKNR</latexit>

�1 ! +�1, �2 ! ��2

Z2  charge for  :
<latexit sha1_base64="7eSB+JaB5H/nqUAWLmYJUxIHShI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClISFRW6KbhxWYt9QBPCZDJph04mYWYilFDwV9y4UMSt3+HOv3GaZqHVA/dyOOde5s7xE0alsqwvo7S0vLK6Vl6vbGxube+Yu3tdGacCkw6OWSz6PpKEUU46iipG+okgKPIZ6fnjm5nfeyBC0pjfq0lC3AgNOQ0pRkpLnnlQS732qdMI8g4dwpjXPvHMqlW3csC/xC5IFRRoeeanE8Q4jQhXmCEpB7aVKDdDQlHMyLTipJIkCI/RkAw05Sgi0s3y86fwWCsBDGOhiyuYqz83MhRJOYl8PRkhNZKL3kz8zxukKrx2M8qTVBGO5w+FKYMqhrMsYEAFwYpNNEFYUH0rxCMkEFY6sYoOwV788l/SPavbl/Xzu4tqs1HEUQaH4AjUgA2uQBPcghboAAwy8ARewKvxaDwbb8b7fLRkFDv74BeMj2+hdJP6</latexit>

(uR, dR, `R)
<latexit sha1_base64="g2qY8G/UpWMSPH6ImPx/JpdaoTo=">AAACMXicbZDLSgMxFIYz9VbrrerSTbAIlV6YUVGhm4KbLivYC3SGksmkbWgmMyYZoQx9JTe+ibjpQhG3voSZtgt7+eHAz3fOITm/GzIqlWlOjNTG5tb2Tno3s7d/cHiUPT5pyiASmDRwwALRdpEkjHLSUFQx0g4FQb7LSMsdPiT91gsRkgb8SY1C4vioz2mPYqQ06mZr+VLRriQFS5dFaD9HyINTVkhYYZGV1rDCbLebzZllcyq4aqy5yYG56t3su+0FOPIJV5ghKTuWGSonRkJRzMg4Y0eShAgPUZ90tOXIJ9KJpxeP4YUmHuwFQhdXcEr/b8TIl3Lku3rSR2ogl3sJXNfrRKp378SUh5EiHM8e6kUMqgAm8UGPCoIVG2mDsKD6rxAPkEBY6ZAzOgRr+eRV07wqW7fl68ebXLUyjyMNzsA5yAML3IEqqIE6aAAMXsEH+ARfxpsxMb6Nn9loypjvnIIFGb9/mFygxQ==</latexit>

(�, �, �), (�, +, +), (�, �, +), (�, +, �)
Type-I Type-II Type-X Type-Y

→  4 types of Yukawa interactions. 

→  Flavor changing neutral current (FCNC) is prohibited at tree level. 

 mH ,  mA ,  mH± , sin(β-α), tanβ,  M2
 

<latexit sha1_base64="HRFJYrmGq6RB6keE8oscLikJDJs="></latexit>

�i =

✓
w±
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◆

, 
<latexit sha1_base64="VOXogaXg1iZ27pbXfOUKV2OGlJc=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQQcpuFRVEKHjxWMF+QLuUbJptQ7PZJckKZemP8OJBEa/+Hm/+G9N2D9r6YODx3gwz8/xYcG0c5xvlVlbX1jfym4Wt7Z3dveL+QVNHiaKsQSMRqbZPNBNcsobhRrB2rBgJfcFa/uhu6reemNI8ko9mHDMvJAPJA06JsVKrzG/ds+ppr1hyKs4MeJm4GSlBhnqv+NXtRzQJmTRUEK07rhMbLyXKcCrYpNBNNIsJHZEB61gqSci0l87OneATq/RxEClb0uCZ+nsiJaHW49C3nSExQ73oTcX/vE5igmsv5TJODJN0vihIBDYRnv6O+1wxasTYEkIVt7diOiSKUGMTKtgQ3MWXl0mzWnEvK+cPF6XaTRZHHo7gGMrgwhXU4B7q0AAKI3iGV3hDMXpB7+hj3ppD2cwh/AH6/AFio45H</latexit>

(i = 1, 2)

<latexit sha1_base64="5gXdHJE9yBzNKZZI1eapjt771l8="></latexit>

R(✓) =

✓
cos ✓ � sin ✓
sin ✓ cos ✓

◆

H, A, H+, H- :additional Higgs bosons, h : SM-like Higgs boson

<latexit sha1_base64="AT3sMeVp2vIiboJuBazjvpplZrc=">AAACB3icbZDLSsNAFIYn9VbrLepSkGAR6qYmqagboeDGjVDBXqBJw2Q6aYdOJmFmIpTQnRtfxY0LRdz6Cu58G6dpFtr6w8DHf87hzPn9mBIhTfNbKywtr6yuFddLG5tb2zv67l5LRAlHuIkiGvGODwWmhOGmJJLiTswxDH2K2/7oelpvP2AuSMTu5TjGbggHjAQEQaksTz+87dlXoVfr2acVRxDm+FhCB0UigxNPL5tVM5OxCFYOZZCr4elfTj9CSYiZRBQK0bXMWLop5JIgiiclJxE4hmgEB7irkMEQCzfN7pgYx8rpG0HE1WPSyNzfEykMhRiHvuoMoRyK+drU/K/WTWRw6aaExYnEDM0WBQk1ZGRMQzH6hGMk6VgBRJyovxpoCDlEUkVXUiFY8ycvQsuuWufV2t1ZuW7ncRTBATgCFWCBC1AHN6ABmgCBR/AMXsGb9qS9aO/ax6y1oOUz++CPtM8fIU+YLw==</latexit>

M2 = m2
3/(sin� cos�)

<latexit sha1_base64="1aPs8PnytyeHV4K5D3QQF9hv8Ao=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgopSkioqrohuXFewDmhAmk2k7dDIJMxOhhHyBG3/FjQtF3Lp25984TbPQ1gMXzpxzL3Pv8WNGpbKsb6O0srq2vlHerGxt7+zumfsHXRklApMOjlgk+j6ShFFOOooqRvqxICj0Gen5k5uZ33sgQtKI36tpTNwQjTgdUoyUljyz5rTH1EuTelAn2VX+sB2YOiKEkcgcmCtNz6xaDSsHXCZ2QaqgQNszv5wgwklIuMIMSTmwrVi5KRKKYkayipNIEiM8QSMy0JSjkEg3zc/JYE0rARxGQhdXMFd/T6QolHIa+rozRGosF72Z+J83SNTw0k0pjxNFOJ5/NEwYVBGcZQMDKghWbKoJwoLqXSEeI4Gw0glWdAj24snLpNts2OeN07uzauu6iKMMjsAxOAE2uAAtcAvaoAMweATP4BW8GU/Gi/FufMxbS0Yxcwj+wPj8AWQkmxA=</latexit>

�u,d,e : �1 or �2
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Alignment limit
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Alignment limit:

• Higgs boson couplings:
<latexit sha1_base64="aHIL7jkLJ2KHITR7QuXPLk37yZM=">AAACAHicbVDLSsNAFL3xWeMr6sKFm8EiuCqJigpSKLhxWcE+oAlhMp20QyeTMDMRSunGX3HjQhG3foY7/8Zpm4W2Hrhw5px7mXtPlHGmtOt+W0vLK6tr66UNe3Nre2fX2dtvqjSXhDZIylPZjrCinAna0Exz2s4kxUnEaSsa3E781iOViqXiQQ8zGiS4J1jMCNZGCp1Df4CzDIfNquf7dvGIq17olN2KOwVaJF5BylCgHjpffjcleUKFJhwr1fHcTAcjLDUjnI5tP1c0w2SAe7RjqMAJVcFoesAYnRili+JUmhIaTdXfEyOcKDVMItOZYN1X895E/M/r5Dq+DkZMZLmmgsw+inOOdIomaaAuk5RoPjQEE8nMroj0scREm8xsE4I3f/IiaZ5VvMvK+f1FuXZTxFGCIziGU/DgCmpwB3VoAIExPMMrvFlP1ov1bn3MWpesYuYA/sD6/AEwk5V8</latexit>

V = 1

f = 1

<latexit sha1_base64="ovJGL+d1yVW86J4xLWaOI8GGO98=">AAACPXicbZBNSwMxEIazflu/qh69BItSEcuuigoiCF48KthWaMoym2ZtaDYbkqxYin/Mi//BmzcvHhTx6tW07kFrBwIv7zPDZN5ICW6s7z97Y+MTk1PTM7OFufmFxaXi8krNpJmmrEpTkerrCAwTXLKq5Vawa6UZJJFg9ahz1uf1W6YNT+WV7SrWTOBG8phTsM4Ki1ekA0pBWNs8IYbLMomYhR0CQrVhi5BCjuNReJvc8TDGhKbmLwiLJb/iDwr/F0EuSiivi7D4RFopzRImLRVgTCPwlW32QFtOBbsvkMwwBbQDN6zhpISEmWZvcP093nBOC8epdk9aPHB/T/QgMaabRK4zAds2w6xvjmKNzMZHzR6XKrNM0p9FcSawTXE/StzimlEruk4A1dz9FdM2aKDWBV5wIQTDJ/8Xtd1KcFDZu9wvnR7nccygNbSOyihAh+gUnaMLVEUUPaAX9IbevUfv1fvwPn9ax7x8ZhX9Ke/rG2z+rYo=</latexit>

V = sin(� � ↵)

f = sin(� � ↵) + ⇠f cos(� � ↵)

Alignment limit

<latexit sha1_base64="XWAPLMERcU1CV+TYXwb73GhOTpw=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VROV6rLgxo1Q0baBJobJdJIOnTycmRRKyCe48VfcuFDErUt3/o3TNgttPXDhcM693HuPlzAqpGF8a6WFxaXllfJqZW19Y3NL395pizjlmLRwzGJueUgQRiPSklQyYiWcoNBjpOMNLsd+Z0i4oHF0J0cJcUIURNSnGEklufqhPUBJglzLJg8pHcLAzfqWlR8H95nNQ3h7nU8FV68aNWMCOE/MglRBgaarf9m9GKchiSRmSIiuaSTSyRCXFDOSV+xUkAThAQpIV9EIhUQ42eShHB4opQf9mKuKJJyovycyFAoxCj3VGSLZF7PeWPzP66bSv3AyGiWpJBGeLvJTBmUMx+nAHuUESzZSBGFO1a0Q9xFHWKoMKyoEc/bledI+qZn12unNWbVRL+Iogz2wD46ACc5BA1yBJmgBDB7BM3gFb9qT9qK9ax/T1pJWzOyCP9A+fwDvIp0f</latexit>

X ⌘ ghXX/gSMhXX

• Constraint from Higgs signal strength 

Alignment limit or near alignment scenarios ( ) are favored. 
<latexit sha1_base64="cddtgx/NHWfOs/4/rTyfe7uGxPI=">AAACA3icdVA9SwNBEN3zM8avqJ02i0HQwuMuJ0nsBBtLBZMIuRDmNhOzuLd37u4JIQRs/Cs2ForY+ifs/DduYgQVfTDweG+GmXlRKrg2nvfuTE3PzM7N5xbyi0vLK6uFtfW6TjLFsMYSkaiLCDQKLrFmuBF4kSqEOBLYiK6OR37jBpXmiTw3/RRbMVxK3uUMjJXahc1Qc7kbRmhgPwSR9mDPKjFeU79dKHqud1gqBWXquX5QrRwGllT9wFLqu94YRTLBabvwFnYSlsUoDROgddP3UtMagDKcCRzmw0xjCuwKLrFpqYQYdWsw/mFId6zSod1E2ZKGjtXvEwOIte7Hke2MwfT0b28k/uU1M9OttgZcpplByT4XdTNBTUJHgdAOV8iM6FsCTHF7K2U9UMCMjS1vQ/j6lP5P6iXXL7vB2UHxqDKJI0e2yDbZJT6pkCNyQk5JjTByS+7JI3ly7pwH59l5+WydciYzG+QHnNcPSfGXSQ==</latexit>

sin(� � ↵) ' 1

<latexit sha1_base64="uaGmhVHxrc8s/+MMyMG4AB93nlM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6sGSqKgXoejFYwX7AU0ok+2mXbrZhN2NUELBv+LFgyJe/R3e/Ddu2xy0+mDg8d4MM/OChDOlHefLKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2AIpyJmhDM81pO5EUooDTVjC8mfitByoVi8W9HiXUj6AvWMgIaCN17T1PMVHxAqrh2AOeDODoCrtdu+xUnSnwX+LmpIxy1Lv2p9eLSRpRoQkHpTquk2g/A6kZ4XRc8lJFEyBD6NOOoQIiqvxsev4YHxqlh8NYmhIaT9WfExlESo2iwHRGoAdq3puI/3mdVIeXfsZEkmoqyGxRmHKsYzzJAveYpETzkSFAJDO3YjIACUSbxEomBHf+5b+keVJ1z6und2fl2nUeRxHtowNUQS66QDV0i+qogQjK0BN6Qa/Wo/VsvVnvs9aClc/sol+wPr4BilKUkQ==</latexit>

sin(� � ↵) = 1

 should be 

close to 1.

<latexit sha1_base64="DcEqHD0qpm6EFElYfO0573JJmBw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCPVgSFeux4MVjBfsBTSiT7aZdutmE3Y1YQv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA/LbRWnktAWiXksuwEoypmgLc00p91EUogCTjvB+Hbmdx6pVCwWD3qSUD+CoWAhI6CN1LfLnmKi6gVUw7kHPBnBWd+uODVnDrxK3JxUUI5m3/7yBjFJIyo04aBUz3US7WcgNSOcTkteqmgCZAxD2jNUQESVn81vn+JTowxwGEtTQuO5+nsig0ipSRSYzgj0SC17M/E/r5fq8MbPmEhSTQVZLApTjnWMZ0HgAZOUaD4xBIhk5lZMRiCBaBNXyYTgLr+8StoXNfe6dnl/VWnU8ziK6BidoCpyUR010B1qohYi6Ak9o1f0Zk2tF+vd+li0Fqx85gj9gfX5Aywzk9o=</latexit>

sin(� � ↵)

[ ATLAS collaboration, PRD 101, 012002 (2020) ]
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Synergy between direct and indirect searches[1/3]

5

Alignment limit:
<latexit sha1_base64="uaGmhVHxrc8s/+MMyMG4AB93nlM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6sGSqKgXoejFYwX7AU0ok+2mXbrZhN2NUELBv+LFgyJe/R3e/Ddu2xy0+mDg8d4MM/OChDOlHefLKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2AIpyJmhDM81pO5EUooDTVjC8mfitByoVi8W9HiXUj6AvWMgIaCN17T1PMVHxAqrh2AOeDODoCrtdu+xUnSnwX+LmpIxy1Lv2p9eLSRpRoQkHpTquk2g/A6kZ4XRc8lJFEyBD6NOOoQIiqvxsev4YHxqlh8NYmhIaT9WfExlESo2iwHRGoAdq3puI/3mdVIeXfsZEkmoqyGxRmHKsYzzJAveYpETzkSFAJDO3YjIACUSbxEomBHf+5b+keVJ1z6und2fl2nUeRxHtowNUQS66QDV0i+qogQjK0BN6Qa/Wo/VsvVnvs9aClc/sol+wPr4BilKUkQ==</latexit>

sin(� � ↵) = 1
[M. Aiko, S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu, NPB 966 (2021) 115375]

Direct searches :   Lower bounds for  and  are given. <latexit sha1_base64="74h3TSsWAMuVHWDlw/LGjcSJd3I=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqGI8BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1RL/XGLF+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1vwozJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+S1kU1uK5e3l9V6rU8jiKcwCmcQwA1qMMdNKAJBB7hGV7hzVPei/fufSxaC14+cwx/4H3+AGTHjvw=</latexit>m�
<latexit sha1_base64="39Q701Luy9QbmwNq8ttKSmSPoOE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq1mPBi8cK9kOaUDbbTbt0dxN2J0Ip/RVePCji1Z/jzX/jts1BWx8MPN6bYWZelApu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTTlDVpIhLdiYhhgivWRI6CdVLNiIwEa0ej25nffmLa8EQ94DhloSQDxWNOCVrpMUCigogh6ZUrXtWbw10lfk4qkKPRK38F/YRmkimkghjT9b0UwwnRyKlg01KQGZYSOiID1rVUEclMOJkfPHXPrNJ340TbUujO1d8TEyKNGcvIdkqCQ7PszcT/vG6G8U044SrNkCm6WBRnwsXEnX3v9rlmFMXYEkI1t7e6dEg0oWgzKtkQ/OWXV0nroupfVy/vryr1Wh5HEU7gFM7BhxrU4Q4a0AQKEp7hFd4c7bw4787HorXg5DPH8AfO5w/WgJBo</latexit>

tan�

Indirect searches :  No sensitivity since Higgs couplings do not deviate. 

<latexit sha1_base64="csh0QDpHMpMtVhQf0Rpge0FhYC0=">AAACF3icbVBNS8NAEN34WetX1KOXxSLopSQq1ougeLDHCrYKTQyb7dQu3U3i7kYsIf/Ci3/FiwdFvOrNf+O2zcGvBwOP92aYmRcmnCntOJ/WxOTU9Mxsaa48v7C4tGyvrLZUnEoKTRrzWF6GRAFnETQ10xwuEwlEhBwuwv7J0L+4BalYHJ3rQQK+INcR6zJKtJECuyoCr9FjWx7cpOwWi6B+KIJjU1n9yktEvu1hT4TxXdY+hZafB3bFqToj4L/ELUgFFWgE9ofXiWkqINKUE6XarpNoPyNSM8ohL3upgoTQPrmGtqEREaD8bPRXjjeN0sHdWJqKNB6p3ycyIpQaiNB0CqJ76rc3FP/z2qnuHvgZi5JUQ0THi7opxzrGw5Bwh0mgmg8MIVQycyumPSIJ1SbKsgnB/f3yX9Laqbr71d2zvcpRrYijhNbRBtpCLqqhI1RHDdREFN2jR/SMXqwH68l6td7GrRNWMbOGfsB6/wIFRp8y</latexit>

m�(⌘ mH = mA = mH±) [GeV]

(Ex.):  <latexit sha1_base64="GCR8R4shsQPePnNdK00xEWwh1XA=">AAACOnicbVC7SgNBFJ31GeMramkzGIRYGHZVVKwCNpYJmAdkl+XuZJIMmZ1dZmaFsOS7bPwKOwsbC0Vs/QAnyRbmcWDgcM653LkniDlT2rbfrJXVtfWNzdxWfntnd2+/cHDYUFEiCa2TiEeyFYCinAla10xz2oolhTDgtBkM7sd+84lKxSLxqIcx9ULoCdZlBLSR/EJN+akbUA3nLvC4D6M7F7uKidKseua6ebIkSSI1n/QLRbtsT4AXiZORIspQ9QuvbiciSUiFJhyUajt2rL0UpGaE01HeTRSNgQygR9uGCgip8tLJ6SN8apQO7kbSPKHxRP0/kUKo1DAMTDIE3Vfz3lhc5rUT3b31UibiRFNBpou6Ccc6wuMecYdJSjQfGgJEMvNXTPoggWjTdt6U4MyfvEgaF2XnunxZuypWylkdOXSMTlAJOegGVdADqqI6IugZvaNP9GW9WB/Wt/Uzja5Y2cwRmoH1+wfsfa1w</latexit>

s��↵ : sin(� � ↵)

c��↵ : cos(� � ↵)

<latexit sha1_base64="CaUVps/5DmViayA/iyU5ihxSm08=">AAACHXicbVDLSgMxFM34tr6qLt0MFkE3ZaaKulRc6FLB2kJTy500o8EkMyR3hDLMj7jxV9y4UMSFG/FvTB8LrR4IHM65l5tzolQKi0Hw5U1MTk3PzM7NlxYWl5ZXyqtrVzbJDON1lsjENCOwXArN6yhQ8mZqOKhI8kZ0d9L3G/fcWJHoS+ylvK3gRotYMEAndcp79BSUgu1jiokf0whMHhc7NDVJ6gQaG2C56hwXOUXQ1zUacYSiU64E1WAA/y8JR6RCRjjvlD9oN2GZ4hqZBGtbYZBiOweDgklelGhmeQrsDm54y1ENitt2PkhX+FtO6fpxYtzT6A/Unxs5KGt7KnKTCvDWjnt98T+vlWF82M6FTjPkmg0PxZn0XfB+VX5XGM5Q9hwBZoT7q89uwTWCrtCSKyEcj/yXXNWq4X5192KvclQb1TFHNsgm2SYhOSBH5Iyckzph5IE8kRfy6j16z96b9z4cnfBGO+vkF7zPb+tWomw=</latexit>

�(A ! ff̄) / mA

tan2 �
<latexit sha1_base64="EKCjYc9LTJOKFa4AhksuJ5zUj5Q="></latexit>

�(H+ ! tb̄) / mH±

tan2 �

at HL-LHC
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Near alignment scenario:
[M. Aiko, S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu, NPB 966 (2021) 115375]

Direct searches :    and  give wider sensitivity  regions for  plane. 
<latexit sha1_base64="GF2o1lMeQYx6EZl0+oSiTiOFppY=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyo+NhV3LisYB/YDiWT3mlDM5khyQhl6Ee4caGIW7/HnX9j2s5CqwcCh3PuJfecIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fipdd01MXkY9soVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n83OnZAjq/RJGCv7pCEz9edGRiOtx1FgJyNqhnrRm4r/eZ3UhJd+xmWSGpRs/lGYCmIzTrOTPlfIjBhbQpni9lbChlRRZmxDJVuCtxj5L2meVL3z6undWaV2lddRhAM4hGPw4AJqcAt1aACDETzBC7w6ifPsvDnv89GCk+/swy84H9+xg48h</latexit>

A ! Zh
<latexit sha1_base64="O7lzQwzmujk/PeAzu8/kegkK+j4=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyo+NgV3HRZwT6gHUomzbShmcyQ3BHK0I9w40IRt36PO//GtJ2Fth4IHM65l9xzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp/57SeujYjVI04S7kd0qEQoGEUrtes9jMlo1C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbp5DM1d8bGY2MmUSBnYwojsyyNxP/87ophrd+JlSSIlds8VGYSmIzzrKTgdCcoZxYQpkW9lbCRlRThrahki3BW468SloXVe+6evlwVand5XUU4QRO4Rw8uIEa1KEBTWAwhmd4hTcncV6cd+djMVpw8p1j+APn8wfRj482</latexit>

H ! hh
<latexit sha1_base64="gc6p8pkx1IQvSNE34ahgcFKtkNg=">AAACAHicbVDJSgNBEO2JW4xb1IMHL41BiCBhRsUFLwEvHiOYBTIh9HR6kibdPUN3jRCGufgrXjwo4tXP8Obf2FkOGn1Q8Hiviqp6QSy4Adf9cnILi0vLK/nVwtr6xuZWcXunYaJEU1ankYh0KyCGCa5YHTgI1oo1IzIQrBkMb8Z+84FpwyN1D6OYdSTpKx5ySsBK3eJeWXZTvzbg2bF/jX0gyg8YkKNuseRW3AnwX+LNSAnNUOsWP/1eRBPJFFBBjGl7bgydlGjgVLCs4CeGxYQOSZ+1LVVEMtNJJw9k+NAqPRxG2pYCPFF/TqREGjOSge2UBAZm3huL/3ntBMLLTspVnABTdLooTASGCI/TwD2uGQUxsoRQze2tmA6IJhRsZgUbgjf/8l/SOKl455XTu7NS9WoWRx7towNURh66QFV0i2qojijK0BN6Qa/Oo/PsvDnv09acM5vZRb/gfHwDYd6VnA==</latexit>

(m�, tan�)

Indirect searches :  If a deviation in hZZ founds, the upper bounds for  are given.<latexit sha1_base64="gtADNVEaBHQB1WBq8AQtsMw6tEI=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjMqLreAF48RzALJEHo6PUmTXsbuHiEM+QkvHhTx6u9482/sJHPQxAcFj/eqqKoXJZwZ6/vfXmFldW19o7hZ2tre2d0r7x80jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3UFr2sWx+ySa9c8av+DGiZBDmpQI56r/zV7SuSCiot4diYTuAnNsywtoxwOil1U0MTTEZ4QDuOSiyoCbPZvRN04pQ+ipV2JS2aqb8nMiyMGYvIdQpsh2bRm4r/eZ3UxtdhxmSSWirJfFGccmQVmj6P+kxTYvnYEUw0c7ciMsQaE+siKrkQgsWXl0nzrBpcVs/vLyq1mzyOIhzBMZxCAFdQgzuoQwMIcHiGV3jzHr0X7937mLcWvHzmEP7A+/wBLLmQCg==</latexit>m�

<latexit sha1_base64="csh0QDpHMpMtVhQf0Rpge0FhYC0=">AAACF3icbVBNS8NAEN34WetX1KOXxSLopSQq1ougeLDHCrYKTQyb7dQu3U3i7kYsIf/Ci3/FiwdFvOrNf+O2zcGvBwOP92aYmRcmnCntOJ/WxOTU9Mxsaa48v7C4tGyvrLZUnEoKTRrzWF6GRAFnETQ10xwuEwlEhBwuwv7J0L+4BalYHJ3rQQK+INcR6zJKtJECuyoCr9FjWx7cpOwWi6B+KIJjU1n9yktEvu1hT4TxXdY+hZafB3bFqToj4L/ELUgFFWgE9ofXiWkqINKUE6XarpNoPyNSM8ohL3upgoTQPrmGtqEREaD8bPRXjjeN0sHdWJqKNB6p3ycyIpQaiNB0CqJ76rc3FP/z2qnuHvgZi5JUQ0THi7opxzrGw5Bwh0mgmg8MIVQycyumPSIJ1SbKsgnB/f3yX9Laqbr71d2zvcpRrYijhNbRBtpCLqqhI1RHDdREFN2jR/SMXqwH68l6td7GrRNWMbOGfsB6/wIFRp8y</latexit>

m�(⌘ mH = mA = mH±) [GeV]

<latexit sha1_base64="pjuQ4uXb9LnWPszpJe30JHq+O5g=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hiEeDDMuOcgBLx4jGAWyAyhptOTNOnpGbp7hBCCF3/FiwdFvPoV3vwbO8tBEx8UPN6roqpekHCmtON8W5mFxaXllexqbm19Y3PL3t6pqTiVhFZJzGPZCEBRzgStaqY5bSSSQhRwWg96NyO//kClYrG41/2E+hF0BAsZAW2klr3nKSYKXkA1HHvAky4cXWOnWCqdt+y8U3TGwPPEnZI8mqLSsr+8dkzSiApNOCjVdJ1E+wOQmhFOhzkvVTQB0oMObRoqIKLKH4xfGOJDo7RxGEtTQuOx+ntiAJFS/SgwnRHorpr1RuJ/XjPV4ZU/YCJJNRVksihMOdYxHuWB20xSonnfECCSmVsx6YIEok1qOROCO/vyPKmdFN2L4undWb5cmsaRRfvoABWQiy5RGd2iCqoigh7RM3pFb9aT9WK9Wx+T1ow1ndlFf2B9/gB7JJWE</latexit>

sin(� � ↵) = 0.995

(Ex.):  

→  Most parameter space can be surveyed. 

<latexit sha1_base64="GCR8R4shsQPePnNdK00xEWwh1XA=">AAACOnicbVC7SgNBFJ31GeMramkzGIRYGHZVVKwCNpYJmAdkl+XuZJIMmZ1dZmaFsOS7bPwKOwsbC0Vs/QAnyRbmcWDgcM653LkniDlT2rbfrJXVtfWNzdxWfntnd2+/cHDYUFEiCa2TiEeyFYCinAla10xz2oolhTDgtBkM7sd+84lKxSLxqIcx9ULoCdZlBLSR/EJN+akbUA3nLvC4D6M7F7uKidKseua6ebIkSSI1n/QLRbtsT4AXiZORIspQ9QuvbiciSUiFJhyUajt2rL0UpGaE01HeTRSNgQygR9uGCgip8tLJ6SN8apQO7kbSPKHxRP0/kUKo1DAMTDIE3Vfz3lhc5rUT3b31UibiRFNBpou6Ccc6wuMecYdJSjQfGgJEMvNXTPoggWjTdt6U4MyfvEgaF2XnunxZuypWylkdOXSMTlAJOegGVdADqqI6IugZvaNP9GW9WB/Wt/Uzja5Y2cwRmoH1+wfsfa1w</latexit>

s��↵ : sin(� � ↵)

c��↵ : cos(� � ↵)

at HL-LHC

<latexit sha1_base64="Kme2FSF2JywVuKY3hf5pO2EjIn8="></latexit>

�(H ! hh) ⇠ cos(� � ↵)2
m

3
H

16⇡v2

<latexit sha1_base64="GCnT/PV5eoNqQqX+EE+axQ0+mWU="></latexit>

�(A ! Zh) / cos(� � ↵)2
m3

A

16⇡v2
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[M. Aiko, S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu, NPB 966 (2021) 115375]

<latexit sha1_base64="csh0QDpHMpMtVhQf0Rpge0FhYC0=">AAACF3icbVBNS8NAEN34WetX1KOXxSLopSQq1ougeLDHCrYKTQyb7dQu3U3i7kYsIf/Ci3/FiwdFvOrNf+O2zcGvBwOP92aYmRcmnCntOJ/WxOTU9Mxsaa48v7C4tGyvrLZUnEoKTRrzWF6GRAFnETQ10xwuEwlEhBwuwv7J0L+4BalYHJ3rQQK+INcR6zJKtJECuyoCr9FjWx7cpOwWi6B+KIJjU1n9yktEvu1hT4TxXdY+hZafB3bFqToj4L/ELUgFFWgE9ofXiWkqINKUE6XarpNoPyNSM8ohL3upgoTQPrmGtqEREaD8bPRXjjeN0sHdWJqKNB6p3ycyIpQaiNB0CqJ76rc3FP/z2qnuHvgZi5JUQ0THi7opxzrGw5Bwh0mgmg8MIVQycyumPSIJ1SbKsgnB/f3yX9Laqbr71d2zvcpRrYijhNbRBtpCLqqhI1RHDdREFN2jR/SMXqwH68l6td7GrRNWMbOGfsB6/wIFRp8y</latexit>

m�(⌘ mH = mA = mH±) [GeV]
<latexit sha1_base64="csh0QDpHMpMtVhQf0Rpge0FhYC0=">AAACF3icbVBNS8NAEN34WetX1KOXxSLopSQq1ougeLDHCrYKTQyb7dQu3U3i7kYsIf/Ci3/FiwdFvOrNf+O2zcGvBwOP92aYmRcmnCntOJ/WxOTU9Mxsaa48v7C4tGyvrLZUnEoKTRrzWF6GRAFnETQ10xwuEwlEhBwuwv7J0L+4BalYHJ3rQQK+INcR6zJKtJECuyoCr9FjWx7cpOwWi6B+KIJjU1n9yktEvu1hT4TxXdY+hZafB3bFqToj4L/ELUgFFWgE9ofXiWkqINKUE6XarpNoPyNSM8ohL3upgoTQPrmGtqEREaD8bPRXjjeN0sHdWJqKNB6p3ycyIpQaiNB0CqJ76rc3FP/z2qnuHvgZi5JUQ0THi7opxzrGw5Bwh0mgmg8MIVQycyumPSIJ1SbKsgnB/f3yX9Laqbr71d2zvcpRrYijhNbRBtpCLqqhI1RHDdREFN2jR/SMXqwH68l6td7GrRNWMbOGfsB6/wIFRp8y</latexit>

m�(⌘ mH = mA = mH±) [GeV]

→  Sensitivity regions by direct searches are drastically changed by  . 
<latexit sha1_base64="IADks6msgAIMjs9A+P4TBzRHeIg=">AAAB/nicdVDLSgNBEJyNrxhfUfHkZTAI8eCym5U8bgEvHiOYGMiG0DuZJENmZ5eZWSEsAX/FiwdFvPod3vwbJw9BRQsaiqpuuruCmDOlHefDyqysrq1vZDdzW9s7u3v5/YOWihJJaJNEPJLtABTlTNCmZprTdiwphAGnt8H4cubf3lGpWCRu9CSm3RCGgg0YAW2kXv7IV0wUUz+gGs594PEIpme5Xr7g2E6tVPLK2LFdr1qpeYZUXc9Q7NrOHAW0RKOXf/f7EUlCKjThoFTHdWLdTUFqRjid5vxE0RjIGIa0Y6iAkKpuOj9/ik+N0seDSJoSGs/V7xMphEpNwsB0hqBH6rc3E//yOokeVLspE3GiqSCLRYOEYx3hWRa4zyQlmk8MASKZuRWTEUgg2iQ2C+HrU/w/aZVst2x71xeFem0ZRxYdoxNURC6qoDq6Qg3URASl6AE9oWfr3nq0XqzXRWvGWs4coh+w3j4BsfSVTw==</latexit>

sin(� � ↵)

Radiative corrections to Heavy Higgs decays can be significant in alignment scenarios.

•  decays ( this talk )
<latexit sha1_base64="UvQR7+6Dko8fvzv7vQwY87ZY2Xc=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GjJtnba4KbjpsoLTCu1YMmmmDc1khiQjlKHf4MaFIm79IHf+jelDUNEDFw7n3Mu99wQJZ0oj9GHl1tY3Nrfy24Wd3b39g+LhUUfFqSTUIzGP5W2AFeVMUE8zzeltIimOAk67weRq7nfvqVQsFjd6mlA/wiPBQkawNpLXuusn0aBYQnbdrToNFyLbKV9UHGQIqjXcWgU6NlqgBFZoD4rv/WFM0ogKTThWquegRPsZlpoRTmeFfqpogskEj2jPUIEjqvxscewMnhllCMNYmhIaLtTvExmOlJpGgemMsB6r395c/MvrpTqs+xkTSaqpIMtFYcqhjuH8czhkkhLNp4ZgIpm5FZIxlphok0/BhPD1KfyfdMq249qV62qpebmKIw9OwCk4Bw6ogSZogTbwAAEMPIAn8GwJ69F6sV6XrTlrNXMMfsB6+wQPBo7a</latexit>

H
±

• H decays ( talk by Mariko Kikuchi on 21st Sep. (Tue.) )
• A decays ( future work )
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• Radiative corrections to SM-like Higgs boson h 

-  Higgs boson couplings

-  Production process at ILC

<latexit sha1_base64="VLkvE8uxYRJR69ljIKFciWaAkRg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCglUfGxK7hxWcGmhSaUyXTSDJ08mJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv997jp5xJZVnfRmlpeWV1rbxe2djc2t4xd/ccmWSC0BZJeCI6PpaUs5i2FFOcdlJBceRz2vaHNxO//UCFZEl8r0Yp9SI8iFnACFZa6pkHYeD6WOTBuOai0HFcVENhGPbMqlW3pkCLxC5IFQo0e+aX209IFtFYEY6l7NpWqrwcC8UIp+OKm0maYjLEA9rVNMYRlV4+vX+MjrXSR0EidMUKTdXfEzmOpBxFvu6MsArlvDcR//O6mQquvJzFaaZoTGaLgowjlaBJGKjPBCWKjzTBRDB9KyIhFpgoHVlFh2DPv7xInNO6fVE/uzuvNq6LOMpwCEdwAjZcQgNuoQktIPAIz/AKb8aT8WK8Gx+z1pJRzOzDHxifP1lclP8=</latexit>

hff̄ , hV V , hhh

-  Higgs boson decays
<latexit sha1_base64="2ogLuP1VdeymJy+1fGCvovhrroc=">AAACE3icbVDLSgMxFM34rPU16tJNsAgiUmZUfOwKblxWsNNCZyx30kwbmnmQZIQy9B/c+CtuXCji1o07/8Z0OoK2HgicnHMvyTl+wplUlvVlzM0vLC4tl1bKq2vrG5vm1rYj41QQ2iAxj0XLB0k5i2hDMcVpKxEUQp/Tpj+4GvvNeyoki6NbNUyoF0IvYgEjoLTUMQ/7ropx4PogsmB05OL87jh3LkiFc/5jdsyKVbVy4FliF6SCCtQ75qfbjUka0kgRDlK2bStRXgZCMcLpqOymkiZABtCjbU0jCKn0sjzTCO9rpYuDWOgTKZyrvzcyCKUchr6eDEH15bQ3Fv/z2qkKLryMRUmqaEQmDwUpxzrquCDcZYISxYeaABFM/xWTPgggStdY1iXY05FniXNctc+qJzenldplUUcJ7aI9dIBsdI5q6BrVUQMR9ICe0At6NR6NZ+PNeJ+MzhnFzg76A+PjGyXBnbE=</latexit>

h ! ff̄ , h ! V V ⇤ ! V ff̄

<latexit sha1_base64="xXNX57Eekw6pRGiyRvLxmtmDsT4=">AAAB83icbVDJSgNBEK2JW4xb1KOXwSAIYphRcbkFvHiMYBbMTEJPpyZp0tMzdPcIYchvePGgiFd/xpt/Y2c5aOKDgsd7VVTVCxLOlHacbyu3tLyyupZfL2xsbm3vFHf36ipOJcUajXksmwFRyJnAmmaaYzORSKKAYyMY3I79xhNKxWLxoIcJ+hHpCRYySrSRPGyfYPvU07H92O8US07ZmcBeJO6MlGCGaqf45XVjmkYoNOVEqZbrJNrPiNSMchwVvFRhQuiA9LBlqCARKj+b3Dyyj4zStcNYmhLanqi/JzISKTWMAtMZEd1X895Y/M9rpTq89jMmklSjoNNFYcpt8+M4ALvLJFLNh4YQKpm51aZ9IgnVJqaCCcGdf3mR1M/K7mX5/P6iVLmZxZGHAziEY3DhCipwB1WoAYUEnuEV3qzUerHerY9pa86azezDH1ifP+swkPA=</latexit>

e+e� ! Zh
<latexit sha1_base64="CC1wMZxiLkduHW/+uqUhgDYYB/0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBEEsSQqPnYFNy4r2Ac0aZlMb9qhM0mYmYgl9FfcuFDErT/izr9x2mahrQcuHM65l3vvCRLOlHacb2tpeWV1bb2wUdzc2t7ZtfdKDRWnkkKdxjyWrYAo4CyCumaaQyuRQETAoRkMbyd+8xGkYnH0oEcJ+IL0IxYySrSRunYJOifQOfV0jL0+EYLgQdcuOxVnCrxI3JyUUY5a1/7yejFNBUSacqJU23US7WdEakY5jIteqiAhdEj60DY0IgKUn01vH+Mjo/RwGEtTkcZT9fdERoRSIxGYTkH0QM17E/E/r53q8NrPWJSkGiI6WxSmHJtPJ0HgHpNANR8ZQqhk5lZMB0QSqk1cRROCO//yImmcVdzLyvn9Rbl6k8dRQAfoEB0jF12hKrpDNVRHFD2hZ/SK3qyx9WK9Wx+z1iUrn9lHf2B9/gCfX5OC</latexit>

e+e� ! �h

Prophecy4f 2HDECAY 

[L. Altenkamp, S. Dittmaier, H. Rzehak,

 JHEP 1803 (2018) 110]

H-COUP

[M. Krause, M. Mühlleitner, M. Spira, 

 CPC. 246 (2020) 106852]

[Kanemura, Kikuchi, KS, Yagyu,  CPC 233 (2018) 134]

[Kanemura, Kikuchi, KS, Mawatari, Yagyu,  
CPC257(2020) 107512]

[S. Kanemura, M. Kikuchi, K. Yagyu, NPB896 (2015) 80]

talk by Masashi Aiko on 21st Sep (Tue.). 

[S. Kanemura, Y. Okada, E. Senaha, C. Yuan, PRD70 (2004) 115002]
[S. Kanemura, M. Kikuchi, K. Yagyu, PLB 731 (2014) 27]

[S. Kanemura, K. Mawatari, KS, PRD 99 (2019) 035023]

[S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu, PLB783 (2018) 140]
[S. Kanemura, M. Kikuchi, K. Mawatari, KS, K. Yagyu, NPB949 (2019) 114791]

(one-loop EW)

(NLO EW, NNLO QCD)

(NLO EW, NLO QCD)

→  Loop effects in Higgs observables have been studied. 

Other tools:calculates these processes. 
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Calculation of one-loop corrections to charged Higgs decays

9

• We calculated NLO EW and NLO QCD corrections to the following process: 
<latexit sha1_base64="2d1NiVlkGGfZW/ceySF1QLg01ZE="></latexit>

H
± ! ff

0
, H

± ! W� (� = h,H,A), H
± ! WV (V = Z, �)

For UV divergence : improved on-shell scheme (same scheme as H-COUP)

For IR divergence  : adding real photon emission contributions

• Behavior of branching ratios for  for near alignment scenario, 
<latexit sha1_base64="F/WLLvkpz+fUilcG/5QmaJoWKHw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIeyqRI8BLzlGNA9I1jA76U2GzM4uM7NCCPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nffEKleSwfzChBP6J9yUPOqLHSffXxvFsouiV3BrJMvIwUIUOtW/jq9GKWRigNE1Trtucmxh9TZTgTOMl3Uo0JZUPax7alkkao/fHs1Ak5tUqPhLGyJQ2Zqb8nxjTSehQFtjOiZqAXvan4n9dOTXjjj7lMUoOSzReFqSAmJtO/SY8rZEaMLKFMcXsrYQOqKDM2nbwNwVt8eZk0LkpeuXR5d1WslLM4cnAMJ3AGHlxDBapQgzow6MMzvMKbI5wX5935mLeuONnMEfyB8/kDtuSNZQ==</latexit>

H
+

Type-I Type-X Type-YType-II

Low  regions :   is dominant without depending on types of THDMs.
<latexit sha1_base64="39Q701Luy9QbmwNq8ttKSmSPoOE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq1mPBi8cK9kOaUDbbTbt0dxN2J0Ip/RVePCji1Z/jzX/jts1BWx8MPN6bYWZelApu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTTlDVpIhLdiYhhgivWRI6CdVLNiIwEa0ej25nffmLa8EQ94DhloSQDxWNOCVrpMUCigogh6ZUrXtWbw10lfk4qkKPRK38F/YRmkimkghjT9b0UwwnRyKlg01KQGZYSOiID1rVUEclMOJkfPHXPrNJ340TbUujO1d8TEyKNGcvIdkqCQ7PszcT/vG6G8U044SrNkCm6WBRnwsXEnX3v9rlmFMXYEkI1t7e6dEg0oWgzKtkQ/OWXV0nroupfVy/vryr1Wh5HEU7gFM7BhxrU4Q4a0AQKEp7hFd4c7bw4787HorXg5DPH8AfO5w/WgJBo</latexit>

tan�
<latexit sha1_base64="1InzwHOk/8K/ziJGL7Tj2XGWbN0=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIglASleqx4KXHCvYDmlg22027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxrczv/NIpWKxuNeThPoRHgoWMoK1kfp2ufFw7ukYaS/AMgumfbviVJ050Cpxc1KBHM2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvJSRRNMxnhIe4YKHFHlZ/PDp+jUKAMUxtKU0Giu/p7IcKTUJApMZ4T1SC17M/E/r5fq8MbPmEhSTQVZLApTjmafmhTQgElKNJ8Ygolk5lZERlhiok1WJROCu/zyKmlfVN1a9fLuqlKv5XEU4RhO4AxcuIY6NKAJLSCQwjO8wpv1ZL1Y79bHorVg5TNH8AfW5w89KpLM</latexit>

H
+ ! tb̄

High  regions :  difference among types of THDMs can appear. 
<latexit sha1_base64="39Q701Luy9QbmwNq8ttKSmSPoOE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq1mPBi8cK9kOaUDbbTbt0dxN2J0Ip/RVePCji1Z/jzX/jts1BWx8MPN6bYWZelApu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTTlDVpIhLdiYhhgivWRI6CdVLNiIwEa0ej25nffmLa8EQ94DhloSQDxWNOCVrpMUCigogh6ZUrXtWbw10lfk4qkKPRK38F/YRmkimkghjT9b0UwwnRyKlg01KQGZYSOiID1rVUEclMOJkfPHXPrNJ340TbUujO1d8TEyKNGcvIdkqCQ7PszcT/vG6G8U044SrNkCm6WBRnwsXEnX3v9rlmFMXYEkI1t7e6dEg0oWgzKtkQ/OWXV0nroupfVy/vryr1Wh5HEU7gFM7BhxrU4Q4a0AQKEp7hFd4c7bw4787HorXg5DPH8AfO5w/WgJBo</latexit>

tan�

• Analytical expressions will be implemented in H-COUP ver. 3. 

tb

ts

Wh

cb

τν

<latexit sha1_base64="JRkR6M6OJkKOoxTpxE5OTt3eJLo=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIdWFIfHchFN24rGAf0IRyM522QyeTMDMRSqgbf8WNC0Xc+hfu/BunbRZaPXDhcM693HtPEDMqleN8Gbm5+YXFpfxyYWV1bX3D3NyqyygRmNRwxCLRDEASRjmpKaoYacaCQBgw0ggG12O/cU+EpBG/U8OY+CH0OO1SDEpLbXPHk5SXvIAoOPSAxX04uHTscvm0bRYd25nA+kvcjBRRhmrb/PQ6EU5CwhVmIGXLdWLlpyAUxYyMCl4iSQx4AD3S0pRDSKSfTj4YWfta6VjdSOjiypqoPydSCKUchoHuDEH15aw3Fv/zWonqXvgp5XGiCMfTRd2EWSqyxnFYHSoIVmyoCWBB9a0W7oMArHRoBR2CO/vyX1I/st0z+/j2pFi5yuLIo120h0rIReeogm5QFdUQRg/oCb2gV+PReDbejPdpa87IZrbRLxgf3yDNlWM=</latexit>

sin(� � ↵) = 0.995

Theoretical bounds
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Effects of scalar loop corrections to charged Higgs decays

10

<latexit sha1_base64="T9sY1Zk/bY/1hCdDLkajYcKIKXk="></latexit>

M1-loop
H+!W+h

'

<latexit sha1_base64="AisKg0qKRyqzCagVj10mUlv82xw="></latexit>

M1-loop
H+!tb̄

' H+

Φ t

b

∼ −
1

16π2

1
6 ∑

Φ

mΦ2

v2 (1 −
M2

m2
Φ )

2

<latexit sha1_base64="qHMXwOzAuQG8OhPKJPeNnvzb0y0=">AAACInicbVDLSgMxFM3Ud31VXboJFsGNdaaKj13BhS5EK9ha6IzlTpppg8nMmGTEMsy3uPFX3LhQ1JXgx5jWLrR64MLJOfeSe48fc6a0bX9YubHxicmp6Zn87Nz8wmJhabmuokQSWiMRj2TDB0U5C2lNM81pI5YUhM/ppX992Pcvb6lULAovdC+mnoBOyAJGQBupVThIXT/A7hEIAVepKwU+PTnLtn4K5r3puDcJtLEr/OgubbrrXpa1CkW7ZA+A/xJnSIpoiGqr8Oa2I5IIGmrCQammY8faS0FqRjjN8m6iaAzkGjq0aWgIgiovHZyY4XWjtHEQSVOhxgP150QKQqme8E2nAN1Vo15f/M9rJjrY91IWxommIfn+KEg41hHu54XbTFKiec8QIJKZXTHpggSiTap5E4IzevJfUi+XnN3S9vlOsVIexjGNVtEa2kAO2kMVdIyqqIYIukeP6Bm9WA/Wk/VqvX+35qzhzAr6BevzCzuJo3Q=</latexit> �
N
L
O
/�

L
O
�

1
[%

]

<latexit sha1_base64="+t6+z3jOnv9a/Zo8oDi0LgFbaAY=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtiNoh4DXnKMYB6QXcPsZJIMmX0w0xsIS/7EiwdFvPon3vwbJ8keNLGgoajqprsrSKTQ6Djf1tr6xubWdmGnuLu3f3BoHx03dZwqxhsslrFqB1RzKSLeQIGStxPFaRhI3gpG9zO/NeZKizh6xEnC/ZAOItEXjKKRurZNak+XHsYEvYCqLJh27ZJTduYgq8TNSQly1Lv2l9eLWRryCJmkWndcJ0E/owoFk3xa9FLNE8pGdMA7hkY05NrP5pdPyblReqQfK1MRkrn6eyKjodaTMDCdIcWhXvZm4n9eJ8X+nZ+JKEmRR2yxqJ9KMvvUxEB6QnGGcmIIZUqYWwkbUkUZmrCKJgR3+eVV0qyU3Zvy1cN1qVrJ4yjAKZzBBbhwC1WoQR0awGAMz/AKb1ZmvVjv1seidc3KZ07gD6zPH5N1kvI=</latexit>

H
+ ! tb̄

<latexit sha1_base64="qHMXwOzAuQG8OhPKJPeNnvzb0y0=">AAACInicbVDLSgMxFM3Ud31VXboJFsGNdaaKj13BhS5EK9ha6IzlTpppg8nMmGTEMsy3uPFX3LhQ1JXgx5jWLrR64MLJOfeSe48fc6a0bX9YubHxicmp6Zn87Nz8wmJhabmuokQSWiMRj2TDB0U5C2lNM81pI5YUhM/ppX992Pcvb6lULAovdC+mnoBOyAJGQBupVThIXT/A7hEIAVepKwU+PTnLtn4K5r3puDcJtLEr/OgubbrrXpa1CkW7ZA+A/xJnSIpoiGqr8Oa2I5IIGmrCQammY8faS0FqRjjN8m6iaAzkGjq0aWgIgiovHZyY4XWjtHEQSVOhxgP150QKQqme8E2nAN1Vo15f/M9rJjrY91IWxommIfn+KEg41hHu54XbTFKiec8QIJKZXTHpggSiTap5E4IzevJfUi+XnN3S9vlOsVIexjGNVtEa2kAO2kMVdIyqqIYIukeP6Bm9WA/Wk/VqvX+35qzhzAr6BevzCzuJo3Q=</latexit> �
N
L
O
/�

L
O
�

1
[%

]

<latexit sha1_base64="ChnkPsYGrF/XdPga9qWscSh9UXE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBKJSkinoseOmxgv2AJi2b7aZdutmE3Y1QQv+GFw+KePXPePPfuE1z0NYHA4/3ZpiZ58ecKW3b31ZhY3Nre6e4W9rbPzg8Kh+fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT+8XfveJSsUi8ahnMfVCPBYsYARrI7moOai6OkLdQXUyLFfsmp0BrRMnJxXI0RqWv9xRRJKQCk04Vqrv2LH2Uiw1I5zOS26iaIzJFI9p31CBQ6q8NLt5ji6MMkJBJE0JjTL190SKQ6VmoW86Q6wnatVbiP95/UQHd17KRJxoKshyUZBwZL5cBIBGTFKi+cwQTCQztyIywRITbWIqmRCc1ZfXSadec25qVw/XlUY9j6MIZ3AOl+DALTSgCS1oA4EYnuEV3qzEerHerY9la8HKZ07hD6zPH0nRkII=</latexit>

H
+ ! W

+
h

H+

Φ h

W+

h

W+

+

+ …

+ …

<latexit sha1_base64="hDzC/kM170VpohUp5n6RpTOsTJs=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZKm9LEruHFZwT6kCWUynbRDZ5IwcyOU0q9w40IRt36OO//G6UNQ0QMXDufcy733hKngGhznw8ptbG5t7+R3C3v7B4dHxeOTjk4yRVmbJiJRvZBoJnjM2sBBsF6qGJGhYN1wcrXwu/dMaZ7EtzBNWSDJKOYRpwSMdOfTBPyQARkUS47tNMplr4od2/XqtYZnSN31DMWu7SxRQmu0BsV3f5jQTLIYqCBa910nhWBGFHAq2LzgZ5qlhE7IiPUNjYlkOpgtD57jC6MMcZQoUzHgpfp9Ykak1lMZmk5JYKx/ewvxL6+fQVQPZjxOM2AxXS2KMoEhwYvv8ZArRkFMDSFUcXMrpmOiCAWTUcGE8PUp/p90yrZbtb2bSqlZWceRR2foHF0iF9VQE12jFmojiiR6QE/o2VLWo/Viva5ac9Z65hT9gPX2CVHrkLs=</latexit>

cot�

<latexit sha1_base64="JdXp/239O/4BCEMxvGH7JTStZLA=">AAAB+3icdVDJSgNBEO2JW4xbjEcvjUGIB4eZTMhyC3jxGMEskAmhptOTNOlZ6O4Rw5Bf8eJBEa/+iDf/xs4iqOiDgsd7VVTV82LOpLKsDyOzsbm1vZPdze3tHxwe5Y8LHRklgtA2iXgkeh5IyllI24opTnuxoBB4nHa96dXC795RIVkU3qpZTAcBjEPmMwJKS8N8wSWRLLkeVXDpAo8ncDHMFy3TapTLThVbpu3Uaw1Hk7rtaIpt01qiiNZoDfPv7igiSUBDRThI2betWA1SEIoRTuc5N5E0BjKFMe1rGkJA5SBd3j7H51oZYT8SukKFl+r3iRQCKWeBpzsDUBP521uIf3n9RPn1QcrCOFE0JKtFfsKxivAiCDxighLFZ5oAEUzfiskEBBCl48rpEL4+xf+TTtm0q6ZzUyk2K+s4sugUnaESslENNdE1aqE2IugePaAn9GzMjUfjxXhdtWaM9cwJ+gHj7RObFJQl</latexit>

cos(� � ↵)

(NLO correction)~ -7%

(NLO correction)~ +7%
H

<latexit sha1_base64="+3HcbTK4gOoe564jUtiyahlHFP0=">AAAB+3icdVDJSgNBEO2JW4xbjEcvjUGIB4eZTMhyC3jxGMEskAmhptNJmvT0DN09Ygj5FS8eFPHqj3jzb+wsgoo+KHi8V0VVvSDmTGnH+bBSG5tb2zvp3cze/sHhUfY411JRIgltkohHshOAopwJ2tRMc9qJJYUw4LQdTK4WfvuOSsUicaunMe2FMBJsyAhoI/WzOV8xUfADquHSBx6P4aKfzTu2UysWvTJ2bNerVmqeIVXXMxS7trNEHq3R6Gff/UFEkpAKTTgo1XWdWPdmIDUjnM4zfqJoDGQCI9o1VEBIVW+2vH2Oz40ywMNImhIaL9XvEzMIlZqGgekMQY/Vb28h/uV1Ez2s9mZMxImmgqwWDROOdYQXQeABk5RoPjUEiGTmVkzGIIFoE1fGhPD1Kf6ftIq2W7a9m1K+XlrHkUan6AwVkIsqqI6uUQM1EUH36AE9oWdrbj1aL9brqjVlrWdO0A9Yb5+jCJQq</latexit>

sin(� � ↵)
<latexit sha1_base64="Dp5v/1i6qsUNLuicsRpSUfLQS+Q="></latexit>

���0�00

<latexit sha1_base64="81peRkOl40ipOxTEaQHLOvgqtEs="></latexit>

���0�00 ⇠ (m2
� �M2)/v

<latexit sha1_base64="eI8gyj0zv1eDrO8+pVooqRM0HMY=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqqBeh4MVjBfsBSSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0oFN+C6305pbX1jc6u8XdnZ3ds/qB4edYzKNGVtqoTSvYgYJrhkbeAgWC/VjCSRYN1ofDfzu09MG67kI0xSFiZkKHnMKQEr+QEQGUQMyK3Xr9bcujsHXiVeQWqoQKtf/QoGimYJk0AFMcb33BTCnGjgVLBpJcgMSwkdkyHzLZUkYSbM5ydP8ZlVBjhW2pYEPFd/T+QkMWaSRLYzITAyy95M/M/zM4hvwpzLNAMm6WJRnAkMCs/+xwOuGQUxsYRQze2tmI6IJhRsShUbgrf88irpNOreVf3i4bLWbBRxlNEJOkXnyEPXqInuUQu1EUUKPaNX9OaA8+K8Ox+L1pJTzByjP3A+fwDNG5Dl</latexit>

tan� = 1

<latexit sha1_base64="C5xSqVbz5vMDpc5aP7Pbem5mK3Q=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0laUS9CwYvHCrYWklA22027dLMbdidCCf0ZXjwo4tVf481/47bNQVsfDDzem2FmXpQKbsB1v53S2vrG5lZ5u7Kzu7d/UD086hqVaco6VAmlexExTHDJOsBBsF6qGUkiwR6j8e3Mf3xi2nAlH2CSsjAhQ8ljTglYyQ+AyCBiQG6a/WrNrbtz4FXiFaSGCrT71a9goGiWMAlUEGN8z00hzIkGTgWbVoLMsJTQMRky31JJEmbCfH7yFJ9ZZYBjpW1JwHP190ROEmMmSWQ7EwIjs+zNxP88P4P4Osy5TDNgki4WxZnAoPDsfzzgmlEQE0sI1dzeiumIaELBplSxIXjLL6+SbqPuXdab9xe1VqOIo4xO0Ck6Rx66Qi10h9qogyhS6Bm9ojcHnBfn3flYtJacYuYY/YHz+QPQI5Dn</latexit>

tan� = 3
<latexit sha1_base64="S8zOrqsztzWDg2F4KSX3h1MV+/0=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAiuSlKfG6HgxmUF+4AklMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89USq4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hMU9aiSijdjYhhgkvWAg6CdVPNSBIJ1olGd1O/88S04Uo+wjhlYUIGksecErCSHwCRQcSA3F72KlW35s6Al4lXkCoq0OxVvoK+olnCJFBBjPE9N4UwJxo4FWxSDjLDUkJHZMB8SyVJmAnz2ckTfGqVPo6VtiUBz9TfEzlJjBknke1MCAzNojcV//P8DOKbMOcyzYBJOl8UZwKDwtP/cZ9rRkGMLSFUc3srpkOiCQWbUtmG4C2+vEza9Zp3VTt/uKg26kUcJXSMTtAZ8tA1aqB71EQtRJFCz+gVvTngvDjvzse8dcUpZo7QHzifP9MrkOk=</latexit>

tan� = 5

Dominant contributions at mΦ ~600 GeV with tanβ=1:

Most sizable corrections :

Theoretical constraints :

      perturbative unitarity

      vacuum stability 

When , 
thresholds of 1PI diagrams 

can enhance the corrections.

<latexit sha1_base64="Aycbgwd+1Th6xr8q8KnYI8vTCwI=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyXRoh4LHvRYwX5AE8JmO22X7iZhdyOUUA9e/CtePCji1f/gzX/jts1BWx8MPN6bYWZemHCmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqjiVFBo05rFsh0QBZxE0NNMc2okEIkIOrXB4NfFb9yAVi6M7PUrAF6QfsR6jRBspsA9F4NUHzOOglGICVx3nIfOkwNfQHAd22ak4U+BF4uakjHLUA/vL68Y0FRBpyolSHddJtJ8RqRnlMC55qYKE0CHpQ8fQiAhQfjb9YoyPjdLFvViaijSeqr8nMiKUGonQdAqiB2rem4j/eZ1U9y79jEVJqiGis0W9lGMd40kkuMskUM1HhhAqmbkV0wGRhGoTXMmE4M6/vEiapxX3vHJ2Wy3XqnkcRXSAjtAJctEFqqEbVEcNRNEjekav6M16sl6sd+tj1lqw8pl99AfW5w+HOZfp</latexit>

m� . 400 GeV
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Discrimination of THDMs by decays of H±
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• In Type-I   can be maximally 60%. 
<latexit sha1_base64="EGafrzAjfux1U6IMnIbbyz2ZIOk=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliESqHMqFSXRTddVrEP6ExLJk3b0CQzJBmhDAV/xY0LRdz6He78G9N2Ftp64MLhnHu5954gYlRpx/m2Miura+sb2c3c1vbO7p69f9BQYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxjdTv3mI5GKhuJBjyPiczQQtE8x0kbq2keJJzm8uZ8Uqp2ip0PY7BSHZ10775ScGeAycVOSBylqXfvL64U45kRozJBSbdeJtJ8gqSlmZJLzYkUihEdoQNqGCsSJ8pPZ+RN4apQe7IfSlNBwpv6eSBBXaswD08mRHqpFbyr+57Vj3b/2EyqiWBOB54v6MYPmzWkWsEclwZqNDUFYUnMrxEMkEdYmsZwJwV18eZk0zktuuXRxd5mvlNM4suAYnIACcMEVqIAqqIE6wCABz+AVvFlP1ov1bn3MWzNWOnMI/sD6/AH1nJQp</latexit>

BR(H+ ! W
+
h)

•   is predicted only in Type-X. 
<latexit sha1_base64="iHyjjDaDu+zmDxpuESUjWZJfEls=">AAACD3icbVDLSgMxFM3UV62vUZdugqWiCGVGRV0W3XRZxT6gU0smTdtgkhmSO0IZ+gdu/BU3LhRx69adf2P6WKj1QOBwzj3c3BPGghvwvC8nMze/sLiUXc6trK6tb7ibWzUTJZqyKo1EpBshMUxwxarAQbBGrBmRoWD18O5y5NfvmTY8UjcwiFlLkp7iXU4JWKnt7qWBlvjierhfvj0MIMIBkMQylRwEPbA5iX0vKLTdvFf0xsCzxJ+SPJqi0nY/g05EE8kUUEGMafpeDK2UaOBUsGEuSAyLCb0jPda0VBHJTCsd3zPEBat0cDfS9inAY/VnIiXSmIEM7aQk0Dd/vZH4n9dMoHveSrmKE2CKThZ1E4Ht3aNycIdrRkEMLCFUc/tXTPtEEwq2wpwtwf978iypHRX90+Lx1Um+dDqtI4t20C7aRz46QyVURhVURRQ9oCf0gl6dR+fZeXPeJ6MZZ5rZRr/gfHwDWhKa7Q==</latexit>

BR(H+ ! ⌧
+
⌫) & 10%

(Type-II and Y can be identified by  and .)
<latexit sha1_base64="wofOCenipGyqjQMSwpmbAMLKDCU=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEilBmVKrLopsuq9gHdMaSSdM2NMkMSUYow+DGX3HjQhG3foU7/8a0nYVWDwQO59zLzTlBxKjSjvNl5RYWl5ZX8quFtfWNzS17e6epwlhi0sAhC2U7QIowKkhDU81IO5IE8YCRVjC6mviteyIVDcWtHkfE52ggaJ9ipI3UtfcST3J4eZOWanfHng4h9gIkkyA96tpFp+xMAf8SNyNFkKHetT+9XohjToTGDCnVcZ1I+wmSmmJG0oIXKxIhPEID0jFUIE6Un0wjpPDQKD3YD6V5QsOp+nMjQVypMQ/MJEd6qOa9ifif14l1/8JPqIhiTQSeHerHDJqokz5gj0qCNRsbgrCk5q8QD5FEWJvWCqYEdz7yX9I8KbuV8un1WbFayerIg31wAErABeegCmqgDhoAgwfwBF7Aq/VoPVtv1vtsNGdlO7vgF6yPb7u3llc=</latexit>

BR(H+ ! cb̄)
<latexit sha1_base64="FPmYm+hRKwZpi66Yjh/5gn24UkE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahIpREpbosuumyin1AE8tkOmmHTiZhHkIJBTf+ihsXirj1J9z5N07bLLR6YOBwzr3cOSdIGJXKcb6s3MLi0vJKfrWwtr6xuWVv7zRlrAUmDRyzWLQDJAmjnDQUVYy0E0FQFDDSCoZXE791T4SkMb9Vo4T4EepzGlKMlJG69l7qiQhe3oxLtbtjT8XQU0gbxvVR1y46ZWcK+Je4GSmCDPWu/en1YqwjwhVmSMqO6yTKT5FQFDMyLnhakgThIeqTjqEcRUT66TTDGB4apQfDWJjHFZyqPzdSFEk5igIzGSE1kPPeRPzP62gVXvgp5YlWhOPZoVAzaLJOCoE9KghWbGQIwoKav0I8QAJhZWormBLc+ch/SfOk7FbKp9dnxWolqyMP9sEBKAEXnIMqqIE6aAAMHsATeAGv1qP1bL1Z77PRnJXt7IJfsD6+ARmZloE=</latexit>

BR(H+ ! ⌧
+
⌫) -> Back up slide 

Type-I Type-X
ILC 250 (2σ)

Type-YType-II

<latexit sha1_base64="gaLLe0XoRChS+4aaX2IkxtdziD8=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mqqMeCF48V7Ic0oWy2k3bpZhN2J0Ip/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFAqaKFBCJ9XA4lBCOxzdzvz2E2gjEvWA4xSCmA2UiARnaKVHH5nyQ0DWK1fcqjsHXSVeTiokR6NX/vL7Cc9iUMglM6bruSkGE6ZRcAnTkp8ZSBkfsQF0LVUsBhNM5gdP6ZlV+jRKtC2FdK7+npiw2JhxHNrOmOHQLHsz8T+vm2F0E0yESjMExReLokxSTOjse9oXGjjKsSWMa2FvpXzINONoMyrZELzll1dJq1b1rqoX95eVei2Po0hOyCk5Jx65JnVyRxqkSTiJyTN5JW+Odl6cd+dj0Vpw8plj8gfO5w/U/5Bj</latexit>

tan
�

<latexit sha1_base64="4UE7J/RzfRza+0+IR/KhlG9zBjQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFRIVdSMU3HRZoS9oYphMJ+3QmUmYmQg1BH/FjQtF3Pof7vwbp4+Fth64cDjnXu69J0oZVdp1v62l5ZXVtfXSRnlza3tn197bb6kkk5g0ccIS2YmQIowK0tRUM9JJJUE8YqQdDW/HfvuBSEUT0dCjlAQc9QWNKUbaSKF9yMO8du+nvLjxcl9y2CCtIrQrruNOABeJNyMVMEM9tL/8XoIzToTGDCnV9dxUBzmSmmJGirKfKZIiPER90jVUIE5UkE+uL+CJUXowTqQpoeFE/T2RI67UiEemkyM9UPPeWPzP62Y6vg5yKtJME4Gni+KMQZ3AcRSwRyXBmo0MQVhScyvEAyQR1iawsgnBm395kbTOHO/SOb+7qFSdWRwlcASOwSnwwBWoghqogybA4BE8g1fwZj1ZL9a79TFtXbJmMwfgD6zPH/amlNo=</latexit>

mH± = 1TeV
<latexit sha1_base64="4UE7J/RzfRza+0+IR/KhlG9zBjQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFRIVdSMU3HRZoS9oYphMJ+3QmUmYmQg1BH/FjQtF3Pof7vwbp4+Fth64cDjnXu69J0oZVdp1v62l5ZXVtfXSRnlza3tn197bb6kkk5g0ccIS2YmQIowK0tRUM9JJJUE8YqQdDW/HfvuBSEUT0dCjlAQc9QWNKUbaSKF9yMO8du+nvLjxcl9y2CCtIrQrruNOABeJNyMVMEM9tL/8XoIzToTGDCnV9dxUBzmSmmJGirKfKZIiPER90jVUIE5UkE+uL+CJUXowTqQpoeFE/T2RI67UiEemkyM9UPPeWPzP62Y6vg5yKtJME4Gni+KMQZ3AcRSwRyXBmo0MQVhScyvEAyQR1iawsgnBm395kbTOHO/SOb+7qFSdWRwlcASOwSnwwBWoghqogybA4BE8g1fwZj1ZL9a79TFtXbJmMwfgD6zPH/amlNo=</latexit>

mH± = 1TeV
<latexit sha1_base64="4UE7J/RzfRza+0+IR/KhlG9zBjQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFRIVdSMU3HRZoS9oYphMJ+3QmUmYmQg1BH/FjQtF3Pof7vwbp4+Fth64cDjnXu69J0oZVdp1v62l5ZXVtfXSRnlza3tn197bb6kkk5g0ccIS2YmQIowK0tRUM9JJJUE8YqQdDW/HfvuBSEUT0dCjlAQc9QWNKUbaSKF9yMO8du+nvLjxcl9y2CCtIrQrruNOABeJNyMVMEM9tL/8XoIzToTGDCnV9dxUBzmSmmJGirKfKZIiPER90jVUIE5UkE+uL+CJUXowTqQpoeFE/T2RI67UiEemkyM9UPPeWPzP62Y6vg5yKtJME4Gni+KMQZ3AcRSwRyXBmo0MQVhScyvEAyQR1iawsgnBm395kbTOHO/SOb+7qFSdWRwlcASOwSnwwBWoghqogybA4BE8g1fwZj1ZL9a79TFtXbJmMwfgD6zPH/amlNo=</latexit>

mH± = 1TeV
<latexit sha1_base64="4UE7J/RzfRza+0+IR/KhlG9zBjQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFRIVdSMU3HRZoS9oYphMJ+3QmUmYmQg1BH/FjQtF3Pof7vwbp4+Fth64cDjnXu69J0oZVdp1v62l5ZXVtfXSRnlza3tn197bb6kkk5g0ccIS2YmQIowK0tRUM9JJJUE8YqQdDW/HfvuBSEUT0dCjlAQc9QWNKUbaSKF9yMO8du+nvLjxcl9y2CCtIrQrruNOABeJNyMVMEM9tL/8XoIzToTGDCnV9dxUBzmSmmJGirKfKZIiPER90jVUIE5UkE+uL+CJUXowTqQpoeFE/T2RI67UiEemkyM9UPPeWPzP62Y6vg5yKtJME4Gni+KMQZ3AcRSwRyXBmo0MQVhScyvEAyQR1iawsgnBm395kbTOHO/SOb+7qFSdWRwlcASOwSnwwBWoghqogybA4BE8g1fwZj1ZL9a79TFtXbJmMwfgD6zPH/amlNo=</latexit>

mH± = 1TeV

←hZZ (ILC): 0.38%
[K. Fujii, et al., 1710.07621]

[M. Aiko, S. kanemura, KS] 

We discuss how 4 types of THDMs can be distinguished in alignment regions, .
<latexit sha1_base64="oqwdxEUEVyQRqEqO3XbAU/7rvsA=">AAACB3icbVDJSgNBEO2JW4xb1KMgjSHgKcxoSDwG9OAxglkwMww1nUrSpGehu0cIITcv/ooXD4p49Re8+Td2loNGHxQ83quiql6QCK60bX9ZmZXVtfWN7GZua3tndy+/f9BUcSoZNlgsYtkOQKHgETY01wLbiUQIA4GtYHg59Vv3KBWPo1s9StALoR/xHmegjeTnj90rFBqoO4QkAf/OFaiU4iG1S9WKW/TzBbtkz0D/EmdBCmSBup//dLsxS0OMNBOgVMexE+2NQWrOBE5ybqowATaEPnYMjSBE5Y1nf0xo0Shd2oulqUjTmfpzYgyhUqMwMJ0h6IFa9qbif14n1b0Lb8yjJNUYsfmiXiqojuk0FNrlEpkWI0OASW5upWwAEpg20eVMCM7yy39J86zkVErnN+VCrbyII0uOyAk5JQ6pkhq5JnXSIIw8kCfyQl6tR+vZerPe560ZazFzSH7B+vgGG3OYIQ==</latexit>

�Z . 0.76%
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Summary
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● Constraints from direct searches of additional Higgs bosons are drastically 
changed depending on . 

<latexit sha1_base64="DcEqHD0qpm6EFElYfO0573JJmBw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCPVgSFeux4MVjBfsBTSiT7aZdutmE3Y1YQv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA/LbRWnktAWiXksuwEoypmgLc00p91EUogCTjvB+Hbmdx6pVCwWD3qSUD+CoWAhI6CN1LfLnmKi6gVUw7kHPBnBWd+uODVnDrxK3JxUUI5m3/7yBjFJIyo04aBUz3US7WcgNSOcTkteqmgCZAxD2jNUQESVn81vn+JTowxwGEtTQuO5+nsig0ipSRSYzgj0SC17M/E/r5fq8MbPmEhSTQVZLApTjnWMZ0HgAZOUaD4xBIhk5lZMRiCBaBNXyYTgLr+8StoXNfe6dnl/VWnU8ziK6BidoCpyUR010B1qohYi6Ak9o1f0Zk2tF+vd+li0Fqx85gj9gfX5Aywzk9o=</latexit>

sin(� � ↵)

→ Radiative corrections to heavy Higgs boson decays can be significant in 
alignment scenarios, .

<latexit sha1_base64="3cEk5CaTbzjjKlOmTvnfjRh5rkI=">AAACA3icdVA9SwNBEN3z2/gVtdNmMQix8LjLSRKtBBtLBROFXAhzm4lZsrd37u4JIQg2/hUbC0Vs/RN2/hs3MYKKPhh4vDfDzLwoFVwbz3t3Jianpmdm5+ZzC4tLyyv51bW6TjLFsMYSkaiLCDQKLrFmuBF4kSqEOBJ4HvWOhv75NSrNE3lm+ik2Y7iUvMMZGCu18huh5rIYRmhgNwSRdmHHKjFeUb+VL3iut18qBWXquX5QrewHllT9wFLqu94IBTLGSSv/FrYTlsUoDROgdcP3UtMcgDKcCbzJhZnGFFgPLrFhqYQYdXMw+uGGblulTTuJsiUNHanfJwYQa92PI9sZg+nq395Q/MtrZKZTbQ64TDODkn0u6mSCmoQOA6FtrpAZ0bcEmOL2Vsq6oIAZG1vOhvD1Kf2f1EuuX3aD073C4cE4jjmySbZIkfikQg7JMTkhNcLILbknj+TJuXMenGfn5bN1whnPrJMfcF4/AErYl0w=</latexit>

sin(� � ↵) ' 1

● We found that 4 types of THDMs can be distinguished by  decays. H+

Type-I : maximum of  is ~60%. BR(H+ → w+h)

● We investigated impact of radiative corrections to charged Higgs boson decays. 

- Magnitude of NLO corrections to  and  
can become 10-30%

Γ(H+ → tb̄) Γ(H+ → W+h)

Type-X : . BR(H+ → τ+ν) ≳ 10 %

Type-II and-Y: characteristic predictions  in correlation between 
                        and .BR(H+ → τ+ν) BR(H+ → cb̄)



Buck up
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Branching ratios in near alignment senarios
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Correlation between  and 
<latexit sha1_base64="bAoAz3/td+s/uxVvNa3XjRXDsm0=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCIISkkT52RTddVrAPaGKZTCft0MkkzEyEGvolblwo4tZPceffOH0IKnrgwuGce7n3niBhVCrb/jBya+sbm1v57cLO7t5+0Tw47Mg4FZi0ccxi0QuQJIxy0lZUMdJLBEFRwEg3mFzN/e4dEZLG/EZNE+JHaMRpSDFSWhqYxebtuadiiL0AiSyYDcySbdn1ctmtQNty3Fq17mpSc1xNoWPZC5TACq2B+e4NY5xGhCvMkJR9x06UnyGhKGZkVvBSSRKEJ2hE+ppyFBHpZ4vDZ/BUK0MYxkIXV3Chfp/IUCTlNAp0Z4TUWP725uJfXj9VYc3PKE9SRTheLgpTBvWn8xTgkAqCFZtqgrCg+laIx0ggrHRWBR3C16fwf9IpW07Fcq8vSo3LVRx5cAxOwBlwQBU0QBO0QBtgkIIH8ASejXvj0XgxXpetOWM1cwR+wHj7BJ5Hkxo=</latexit>

H
+ ! cb̄

<latexit sha1_base64="f7iTY6g4qqD4kSpgkYdsqs0uVEE=">AAAB+XicdZDLSsNAFIYn9VbrLerSzWARBCEkjfSyK7rpsoJthSaWyXTaDp1MwlwKJfRN3LhQxK1v4s63cXoRVPSHgY//nMOc80cpo1K57oeVW1vf2NzKbxd2dvf2D+zDo7ZMtMCkhROWiLsIScIoJy1FFSN3qSAojhjpROPreb0zIULShN+qaUrCGA05HVCMlLF6tt24vwhUAgOFtCGue3bRddxaqeSXoet4frVS8w1UPd8g9Bx3oSJYqdmz34N+gnVMuMIMSdn13FSFGRKKYkZmhUBLkiI8RkPSNchRTGSYLTafwTPj9OEgEeZxBRfu94kMxVJO48h0xkiN5O/a3Pyr1tVqUA0zylOtCMfLjwaaQXPqPAbYp4JgxaYGEBbU7ArxCAmElQmrYEL4uhT+D+2S45Ud/+ayWL9axZEHJ+AUnAMPVEAdNEATtAAGE/AAnsCzlVmP1ov1umzNWauZY/BD1tsn+NeTRA==</latexit>

H
+ ! ⌧

+
⌫
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