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イントロダクション
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発見された125GeVヒッグスボソンの性質は標準理論(SM)と一致しているが、

ヒッグスセクターの構造は依然として未知

- 拡張ヒッグスセクターの可能性
- ヒッグスセクターと標準理論の未解決問題の関係性

●  ヒッグスボソンのExtotic 崩壊 (新粒子への崩壊)

→ 今回のトーク:　ヒッグスボソンの暗黒物質(DM)への崩壊の精密計算に

　　　　　　　　  よるDMを含む拡張ヒッグスセクターの検証

●  ヒッグスボソン (h) のSM粒子崩壊の精密実験 拡張ヒッグス模型の検証

- ヒッグスボソンの混合によるヒッグス結合定数のズレ
- 付加的ヒッグスボソンの量子補正

ヒッグスセクターの構造を検証する方法：

<latexit sha1_base64="3b0+L4FtYkt3sN14HJWR0ZITVHY=">AAACBXicbVC7TsNAEDzzDOFloITCIkKiimxAQBlBQxkk8pBiKzpfNskp54fu1ojIckPDr9BQgBAt/0DH33BxXEDCSCuNZnZvb8ePBVdo29/GwuLS8spqaa28vrG5tW3u7DZVlEgGDRaJSLZ9qkDwEBrIUUA7lkADX0DLH11P/NY9SMWj8A7HMXgBHYS8zxlFLXXNAxfhAfN3Ul8kkKUui5SLQ0Cadc2KXbVzWPPEKUiFFKh3zS+3F7EkgBCZoEp1HDtGL6USOROQld1EQUzZiA6go2lIA1Bemm/PrCOt9Kx+JHWFaOXq74mUBkqNA193BhSHatabiP95nQT7l17KwzhBCNl0UT8RFkbWJBKrxyUwFGNNKJNc/9ViQyopQx1cWYfgzJ48T5onVee8enp7VqldFXGUyD45JMfEIRekRm5InTQII4/kmbySN+PJeDHejY9p64JRzOyRPzA+fwBFXpm2</latexit>

cos ✓

<latexit sha1_base64="Z7khapbiASXAGUroBt2XSog5/SA=">AAACBHicbVC7TgJBFJ3FF+Jr1ZJmIzGxIGRXjVqiNpSYyCMBJLPDBSbMPjJz10g2W9j4KzYWGmPrR9j5Nw4LhYInucnJOffOnXvcUHCFtv1tZJaWV1bXsuu5jc2t7R1zd6+ugkgyqLFABLLpUgWC+1BDjgKaoQTquQIa7uh64jfuQSoe+Lc4DqHj0YHP+5xR1FLXzLcRHjB9J3ZFBElcKV4WK3ft0Eu6ZsEu2SmsReLMSIHMUO2aX+1ewCIPfGSCKtVy7BA7MZXImYAk144UhJSN6ABamvrUA9WJ0+WJdaiVntUPpC4frVT9PRFTT6mx5+pOj+JQzXsT8T+vFWH/ohNzP4wQfDZd1I+EhYE1ScTqcQkMxVgTyiTXf7XYkErKUOeW0yE48ycvkvpxyTkrndycFspXsziyJE8OyBFxyDkpkwqpkhph5JE8k1fyZjwZL8a78TFtzRizmX3yB8bnDwymmFk=</latexit>

H,A,H
±

h h

- ヒッグスボソンよりも軽い新粒子の探索が可能
- 将来実験で精密に測定される

0.11 
<latexit sha1_base64="HYfaeLYJDkNplO143y0yPP7XmpE=">AAAB/XicbZC7TsMwFIadcivlFi4bi0WFxBQlgICBoSoLY0H0IrVR5LhOa9VxItupVKKIV2FhACFW3oONt8FNM0DLL1n69J9zdI5/P2ZUKtv+NkpLyyura+X1ysbm1vaOubvXklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/upnW22MiJI34g5rExA3RgNOAYqS05ZkHaU+EsH6feTlQPraya8+s2padCy6CU0AVFGp45levH+EkJFxhhqTsOnas3BQJRTEjWaWXSBIjPEID0tXIUUikm+bXZ/BYO30YREI/rmDu/p5IUSjlJPR1Z4jUUM7XpuZ/tW6igis3pTxOFOF4tihIGFQRnEYB+1QQrNhEA8KC6lshHiKBsNKBVXQIzvyXF6F1ajkX1tndebVWL+Iog0NwBE6AAy5BDdyCBmgCDB7BM3gFb8aT8WK8Gx+z1pJRzOyDPzI+fwDGgJTL</latexit>

BRinv. <ATLAS:

[ATLAS-CONF-2020-052] 

<latexit sha1_base64="HYfaeLYJDkNplO143y0yPP7XmpE=">AAAB/XicbZC7TsMwFIadcivlFi4bi0WFxBQlgICBoSoLY0H0IrVR5LhOa9VxItupVKKIV2FhACFW3oONt8FNM0DLL1n69J9zdI5/P2ZUKtv+NkpLyyura+X1ysbm1vaOubvXklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/upnW22MiJI34g5rExA3RgNOAYqS05ZkHaU+EsH6feTlQPraya8+s2padCy6CU0AVFGp45levH+EkJFxhhqTsOnas3BQJRTEjWaWXSBIjPEID0tXIUUikm+bXZ/BYO30YREI/rmDu/p5IUSjlJPR1Z4jUUM7XpuZ/tW6igis3pTxOFOF4tihIGFQRnEYB+1QQrNhEA8KC6lshHiKBsNKBVXQIzvyXF6F1ajkX1tndebVWL+Iog0NwBE6AAy5BDdyCBmgCDB7BM3gFb8aT8WK8Gx+z1pJRzOyDPzI+fwDGgJTL</latexit>

BRinv. < 0.026  HL-LHC: 
<latexit sha1_base64="HYfaeLYJDkNplO143y0yPP7XmpE=">AAAB/XicbZC7TsMwFIadcivlFi4bi0WFxBQlgICBoSoLY0H0IrVR5LhOa9VxItupVKKIV2FhACFW3oONt8FNM0DLL1n69J9zdI5/P2ZUKtv+NkpLyyura+X1ysbm1vaOubvXklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/upnW22MiJI34g5rExA3RgNOAYqS05ZkHaU+EsH6feTlQPraya8+s2padCy6CU0AVFGp45levH+EkJFxhhqTsOnas3BQJRTEjWaWXSBIjPEID0tXIUUikm+bXZ/BYO30YREI/rmDu/p5IUSjlJPR1Z4jUUM7XpuZ/tW6igis3pTxOFOF4tihIGFQRnEYB+1QQrNhEA8KC6lshHiKBsNKBVXQIzvyXF6F1ajkX1tndebVWL+Iog0NwBE6AAy5BDdyCBmgCDB7BM3gFb8aT8WK8Gx+z1pJRzOyDPzI+fwDGgJTL</latexit>

BRinv. < 0.0030  ILC: 
[J. de Blas et al., JHEP 01, 139 (2020)] 

ヒッグスinvisible 崩壊の測定精度
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<latexit sha1_base64="h10Ab/ZndASDrYL8ICKiIQa+eXg=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFcSJmpoi6LblxWsA9ox5JJM21oJhmSjFKG/ocbF4q49V/c+Tem01lo64HLPZxzL7k5QcyZNq777Swtr6yurRc2iptb2zu7pb39ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupn6rUeqNJPi3oxj6kd4IFjICDZWeujWh6znnaKsV3ulsltxM6BF4uWkDDnqvdJXty9JElFhCMdadzw3Nn6KlWGE00mxm2gaYzLCA9qxVOCIaj/Nrp6gY6v0USiVLWFQpv7eSHGk9TgK7GSEzVDPe1PxP6+TmPDKT5mIE0MFmT0UJhwZiaYRoD5TlBg+tgQTxeytiAyxwsTYoIo2BG/+y4ukWa14F5Wzu/Ny7TqPowCHcAQn4MEl1OAW6tAAAgqe4RXenCfnxXl3PmajS06+cwB/4Hz+ANz/kXU=</latexit>

�1,�2
<latexit sha1_base64="TxCc+R4isoCRkWMSllUG2WAHnOI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0V9Vj04rGi/YB2Kdk028ZmkyXJCmXpf/DiQRGv/h9v/hvTdg/a+mDg8d4MM/PCRHBjPe8bLS2vrK6tFzaKm1vbO7ulvf2GUammrE6VULoVEsMEl6xuuRWslWhG4lCwZji8mfjNJ6YNV/LBjhIWxKQvecQpsU5qdGoD3r3vlspexZsCLxI/J2XIUeuWvjo9RdOYSUsFMabte4kNMqItp4KNi53UsITQIemztqOSxMwE2fTaMT52Sg9HSruSFk/V3xMZiY0ZxaHrjIkdmHlvIv7ntVMbXQUZl0lqmaSzRVEqsFV48jrucc2oFSNHCNXc3YrpgGhCrQuo6ELw519eJI3Tin9RObs7L1ev8zgKcAhHcAI+XEIVbqEGdaDwCM/wCm9IoRf0jj5mrUsonzmAP0CfP0Bqju0=</latexit>

�S

• DMを安定化する為に離散対称性が課される           

[ I. Engeln, P. Ferreira, M. M. Muhlleitner, R. Santos, J. Wittbrodt, JHEP 08 (2020) 085 ]

: SU(2)I doublet

: SU(2)I singlet

<latexit sha1_base64="LbEAhITVJQEKK8Jhs51+6UkkbZA=">AAACAXicbVDLSsNAFL3xWesr6kZwEyyCIJSkirosunFZ0T6gCWEynbRDJ5MwMxFKqBt/xY0LRdz6F+78G6dpFtp6YLiHc+7lzj1BwqhUtv1tLCwuLa+sltbK6xubW9vmzm5LxqnApIljFotOgCRhlJOmooqRTiIIigJG2sHweuK3H4iQNOb3apQQL0J9TkOKkdKSb+63XE7dxoD6zkleatNy55sVu2rnsOaJU5AKFGj45pfbi3EaEa4wQ1J2HTtRXoaEopiRcdlNJUkQHqI+6WrKUUSkl+UXjK0jrfSsMBb6cWXl6u+JDEVSjqJAd0ZIDeSsNxH/87qpCi+9jPIkVYTj6aIwZZaKrUkcVo8KghUbaYKwoPqvFh4ggbDSoZV1CM7syfOkVas659XT27NK/aqIowQHcAjH4MAF1OEGGtAEDI/wDK/wZjwZL8a78TFtXTCKmT34A+PzB7zPlcw=</latexit>

V 3 �1 + �2 + �S

<latexit sha1_base64="qFo23G7J8UcenqpWx8xO6/SympQ=">AAACKXicbVDLSgMxFM34rPVVdekmWAQXUmaqqBuh6MZlRfuAzjBk0ts2NJOZJhmhlP6OG3/FjYKibv0R03YQ23ogcHLOuST3BDFnStv2p7WwuLS8sppZy65vbG5t53Z2qypKJIUKjXgk6wFRwJmAimaaQz2WQMKAQy3oXo/82gNIxSJxr/sxeCFpC9ZilGgj+bmSy4loc8DYLXeYX8SunNwvsX3s9hLSzE4n7n4TroAetv1c3i7YY+B54qQkj1KU/dyr24xoEoLQlBOlGo4da29ApGaUwzDrJgpiQrukDQ1DBQlBeYPxpkN8aJQmbkXSHKHxWP07MSChUv0wMMmQ6I6a9Ubif14j0a0Lb8BEnGgQdPJQK+FYR3hUG24yCVTzviGESmb+immHSEK1KTdrSnBmV54n1WLBOSuc3J7mS1dpHRm0jw7QEXLQOSqhG1RGFUTRI3pGb+jderJerA/raxJdsNKZPTQF6/sHqh+kcg==</latexit>

h�2i = 0, h�Si 6= 0

<latexit sha1_base64="DU4tIffDVFeqxS9GZJXJ8dexY/M=">AAACKXicbVDLSgMxFM34rPVVdekmWAQXUmaqqBuh6MZlRfuAzjBk0ts2NJOZJhmhlP6OG3/FjYKibv0R03YQ23ogcHLOuST3BDFnStv2p7WwuLS8sppZy65vbG5t53Z2qypKJIUKjXgk6wFRwJmAimaaQz2WQMKAQy3oXo/82gNIxSJxr/sxeCFpC9ZilGgj+bmSy4loc8DYLXeYX8SunNxdAT1sH7u9hDSz06G739Altv1c3i7YY+B54qQkj1KU/dyr24xoEoLQlBOlGo4da29ApGaUwzDrJgpiQrukDQ1DBQlBeYPxpkN8aJQmbkXSHKHxWP07MSChUv0wMMmQ6I6a9Ubif14j0a0Lb8BEnGgQdPJQK+FYR3hUG24yCVTzviGESmb+immHSEK1KTdrSnBmV54n1WLBOSuc3J7mS1dpHRm0jw7QEXLQOSqhG1RGFUTRI3pGb+jderJerA/raxJdsNKZPTQF6/sHt+6kcg==</latexit>

h�2i 6= 0, h�Si = 0

<latexit sha1_base64="GkPRXibiihnWD7vK7KPTc4o91Ic=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxoCoBxGMrgqELUhH0ITUhclyntWonke0gVVF/gIVfYWEAIVZ2Nv4GN80AhSNd6+ice3V9jx8zKpVlfRmFmdm5+YXiYmlpeWV1zVzfaMooEZg0cMQi0faRJIyGpKGoYqQdC4K4z0jLH1yM/dY9EZJG4a0axsTlqBfSgGKktOSZOzXvct+B59lbu3NiPmG6+l7qCA5vrkaeWbYqVgb4l9g5KYMcdc/8dLoRTjgJFWZIyo5txcpNkVAUMzIqOYkkMcID1CMdTUPEiXTT7JoR3NVKFwaR0BUqmKk/J1LEpRxyX3dypPpy2huL/3mdRAWnbkrDOFEkxJNFQcKgiuA4GtilgmDFhpogLKj+K8R9JBBWOsCSDsGePvkvaR5U7OPK4fVRuXqWx1EEW2Ab7AEbnIAqqIE6aAAMHsATeAGvxqPxbLwZ75PWgpHPbIJfMD6+AQlNmQU=</latexit>

HD, AD, H
±
D , H, hSM

<latexit sha1_base64="mqP/uLkHGopNOCWXYkHN2m4vPek=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExoCoBxGMrgqELUhH0ITUhclyntWonke0gVVFnFn6FhQGEWPkCNv4Gp80AhSNd3aNz7pV9jx8zKpVlfRmFmdm5+YXiYmlpeWV1zVzfaMooEZg0cMQi0faRJIyGpKGoYqQdC4K4z0jLH1xkfuueCEmj8FYNY+Jy1AtpQDFSWvLM7Zp3ue/Amq7zrN85Mdcd9r3UERzeXI08s2xVrDHgX2LnpAxy1D3z0+lGOOEkVJghKTu2FSs3RUJRzMio5CSSxAgPUI90NA0RJ9JNx6eM4K5WujCIhK5QwbH6cyNFXMoh9/UkR6ovp71M/M/rJCo4dVMaxokiIZ48FCQMqghmucAuFQQrNtQEYUH1XyHuI4Gw0umVdAj29Ml/SfOgYh9XDq+PytWzPI4i2AI7YA/Y4ARUQQ3UQQNg8ACewAt4NR6NZ+PNeJ+MFox8ZxP8gvHxDbdMl8E=</latexit>

HD, H, A, H
±
, hSM

Dark doublet phase (DDP):

Dark singlet phase (DDP): 

Full dark phase (DDP):

<latexit sha1_base64="kX8zSGdxE89o2Pw2Vy0sCW+VSjw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISVR8bWq2EWXFewDmhgm00k7dCYJMxOhhuKvuHGhiFv/w51/4zTNQlsP3MvhnHuZO8ePGZXKsr6NufmFxaXlwkpxdW19Y9Pc2m7KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx/cjP3WAxGSRuGdGsbE5agX0oBipLTkmbs1r3rkwOus1+6dmHvVK88sWWUrA5wldk5KIEfdM7+cboQTTkKFGZKyY1uxclMkFMWMjIpOIkmM8AD1SEfTEHEi3TS7fgQPtNKFQSR0hQpm6u+NFHEph9zXkxypvpz2xuJ/XidRwYWb0jBOFAnx5KEgYVBFcBwF7FJBsGJDTRAWVN8KcR8JhJUOrKhDsKe/PEuax2X7rHxye1qqXOZxFMAe2AeHwAbnoAJqoA4aAINH8AxewZvxZLwY78bHZHTOyHd2wB8Ynz98gpNN</latexit>

HD, AD, H
±
D : Z2 oddスカラー,           付加的ヒッグス,           

<latexit sha1_base64="EyHuJojYHfXxB/A0V9fZ4sDrBgs=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgQkqi4mtVcdNlBfuAJi2T6aQdOpmEmYlSQv/DjQtF3Pov7vwbp20W2nrgwuGce7n3Hj/mTGnb/rZyS8srq2v59cLG5tb2TnF3r6GiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3g38ZuPVCoWiQc9iqkX4r5gASNYG6lTPXHRralqx43Dm26xZJftKdAicTJSggy1bvHL7UUkCanQhGOl2o4day/FUjPC6bjgJorGmAxxn7YNFTikykunV4/RkVF6KIikKaHRVP09keJQqVHom84Q64Ga9ybif1470cGVlzIRJ5oKMlsUJBzpCE0iQD0mKdF8ZAgmkplbERlgiYk2QRVMCM78y4ukcVp2Lspn9+elynUWRx4O4BCOwYFLqEAValAHAhKe4RXerCfrxXq3PmatOSub2Yc/sD5/ACLKkPc=</latexit>

H, A, H
± :

<latexit sha1_base64="yc6Igc4iR4/uOUBih692VCrthwQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyq+DoFvHgRIpoHJEuYnXSSIbOzy8ysEJZ8hBcPinj1e7z5N06SPWhiQUNR1U13VxALro3rfju5peWV1bX8emFjc2t7p7i7V9dRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8GbiN55QaR7JRzOK0Q9pX/IeZ9RYqTHopA934+tOseSW3SnIIvEyUoIM1U7xq92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NwxObJKl/QiZUsaMlV/T6Q01HoUBrYzpGag572J+J/XSkzv0k+5jBODks0W9RJBTEQmv5MuV8iMGFlCmeL2VsIGVFFmbEIFG4I3//IiqZ+UvfPy6f1ZqXKVxZGHAziEY/DgAipwC1WoAYMhPMMrvDmx8+K8Ox+z1pyTzezDHzifPwYsj1g=</latexit>

hSM : 125 GeV ヒッグス        

<latexit sha1_base64="RcHFdP4EG8ntbc9GHvKbKa5RlFc=">AAACFXicbZBNS8MwGMfT+Tbn29Sjl+AQPIzRTvHlNnGHXYSJbg7WWtIs28KStiSpMEq/hBe/ihcPingVvPltTLsddPMPgV/+z/OQPH8vZFQq0/w2cguLS8sr+dXC2vrG5lZxe6ctg0hg0sIBC0THQ5Iw6pOWooqRTigI4h4jd97oMq3fPRAhaeDfqnFIHI4GPu1TjJS23GK54cZ1KynbMIVqChduPb3e2yHPaOjGtuDw5ipxiyWzYmaC82BNoQSmarrFL7sX4IgTX2GGpOxaZqicGAlFMSNJwY4kCREeoQHpavQRJ9KJs60SeKCdHuwHQh9fwcz9PREjLuWYe7qTIzWUs7XU/K/WjVT/zImpH0aK+HjyUD9iUAUwjQj2qCBYsbEGhAXVf4V4iATCSgdZ0CFYsyvPQ7tasU4qR9fHpdr5NI482AP74BBY4BTUQAM0QQtg8AiewSt4M56MF+Pd+Ji05ozpzC74I+PzBx6DnEs=</latexit>

HD1, HD2, AD, H
±
D , hSM

<latexit sha1_base64="xB7U7It7yHc5j0iht+iKBROMJtg=">AAACJnicbVDNS8MwHE3n16xfVY9egkPwIKOdQ70MBl48TnQfsJaSptkWlqY1SYVR9td48V/x4mEi4s0/xWzrwW0+CLy8934kvxckjEpl299GYW19Y3OruG3u7O7tH1iHRy0ZpwKTJo5ZLDoBkoRRTpqKKkY6iSAoChhpB8Pbqd9+JkLSmD+qUUK8CPU57VGMlJZ8q+YyxPuMQOg2BtSvQFfM7zVoX7hPKQrNxcTD34RvleyyPQNcJU5OSiBHw7cmbhjjNCJcYYak7Dp2orwMCUUxI2PTTSVJEB6iPulqylFEpJfN1hzDM62EsBcLfbiCM/XvRIYiKUdRoJMRUgO57E3F/7xuqno3XkZ5kirC8fyhXsqgiuG0MxhSQbBiI00QFlT/FeIBEggr3aypS3CWV14lrUrZuSpf3ldL9WpeRxGcgFNwDhxwDergDjRAE2DwAt7ABHwYr8a78Wl8zaMFI585Bgswfn4B3DGi4w==</latexit>

h�2i = 0, h�Si = 0
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Next-to two Higgs doublet model (N2HDM) [2/2]

5

<latexit sha1_base64="e3PPgUyoBaGWF2LU5UEdAy5zUqI="></latexit>✓
H

hSM

◆
=

✓
c✓ �s✓

s✓ c✓

◆✓
h1

h2

◆

<latexit sha1_base64="14e+zC6Tje0YE1fZCBCzcW9IEo8=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBEEoiUp1WdCFm0Kl9gJNCJPppB06mYSZiVBC3Pgqblwo4ta3cOfbOG2z0NYfBj7+cw5nzu/HjEplWd9GYWl5ZXWtuF7a2Nza3jF399oySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8UfXk3rngQhJI36vxjFxQzTgNKAYKW155oHTGFIvdUQIm/XstDnDm3rmmWWrYk0FF8HOoQxyNTzzy+lHOAkJV5ghKXu2FSs3RUJRzEhWchJJYoRHaEB6GjkKiXTT6QUZPNZOHwaR0I8rOHV/T6QolHIc+rozRGoo52sT879aL1HBlZtSHieKcDxbFCQMqghO4oB9KghWbKwBYUH1XyEeIoGw0qGVdAj2/MmL0D6r2NXK+d1FuVbN4yiCQ3AEToANLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PWgpHP7IM/Mj5/AFo3lic=</latexit>

�SM + SDM

<latexit sha1_base64="2hdGsdDrTlOVOaZCz/112wvfbTo=">AAACBHicbVDLSsNAFJ3UV62vqMtuBosgCCVRqS4LunBTqGgf0IQwmU7aoTNJmJkIJWThxl9x40IRt36EO//GaRtQWw9cOHPOvcy9x48ZlcqyvozC0vLK6lpxvbSxubW9Y+7utWWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjjy4nfueeCEmj8E6NY+JyNAhpQDFSWvLMstMcUi91BIe3jez453XVyDyzYlWtKeAisXNSATmanvnp9COccBIqzJCUPduKlZsioShmJCs5iSQxwiM0ID1NQ8SJdNPpERk81EofBpHQFSo4VX9PpIhLOea+7uRIDeW8NxH/83qJCi7clIZxokiIZx8FCYMqgpNEYJ8KghUba4KwoHpXiIdIIKx0biUdgj1/8iJpn1TtWvX05qxSr+VxFEEZHIAjYINzUAfXoAlaAIMH8ARewKvxaDwbb8b7rLVg5DP74A+Mj2+pGpdv</latexit>

�SM + �DM

(SM+ real singlet DM)

(Inert doublet model)
<latexit sha1_base64="sbzCal1Lt7urAgGeh/J73XRgRZc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQkqiUt0UCm5cVrAPaEK4mUzaoZOHMxOhlC7c+CtuXCji1o9w5984bbPQ1gMXDufcy733+ClnUlnWt1FYWV1b3yhulra2d3b3zP2DtkwyQWiLJDwRXR8k5SymLcUUp91UUIh8Tjv+8Hrqdx6okCyJ79QopW4E/ZiFjIDSkmeWnSGkKXjtun3q3GcQ4FwI67ZnVqyqNQNeJnZOKihH0zO/nCAhWURjRThI2bOtVLljEIoRTiclJ5M0BTKEPu1pGkNEpTuePTHBx1oJcJgIXbHCM/X3xBgiKUeRrzsjUAO56E3F/7xepsIrd8ziNFM0JvNFYcaxSvA0ERwwQYniI02ACKZvxWQAAojSuZV0CPbiy8ukfVa1a9Xz24tKo5bHUURldIROkI0uUQPdoCZqIYIe0TN6RW/Gk/FivBsf89aCkc8coj8wPn8AR66XMA==</latexit>

V = 1, f = 1

<latexit sha1_base64="kq0PWc9Su+Xm3866UbM12Zamd94=">AAACEXicbZDLSsNAFIYn9VbrLerSzWARupCSqFQ3QsGNywr2Ak0IJ9NJO3SSDDMToZS+ghtfxY0LRdy6c+fbOG2z0NYfBn6+cw5nzh8KzpR2nG+rsLK6tr5R3Cxtbe/s7tn7By2VZpLQJkl5KjshKMpZQpuaaU47QlKIQ07b4fBmWm8/UKlYmtzrkaB+DP2ERYyANiiwK94QhICgdU0CD7gYwKmHcxb9ZoFddqrOTHjZuLkpo1yNwP7yeinJYppowkGprusI7Y9BakY4nZS8TFEBZAh92jU2gZgqfzy7aIJPDOnhKJXmJRrP6O+JMcRKjeLQdMagB2qxNoX/1bqZjq78MUtEpmlC5ouijGOd4mk8uMckJZqPjAEimfkrJgOQQLQJsWRCcBdPXjats6pbq57fXZTrtTyOIjpCx6iCXHSJ6ugWNVATEfSIntErerOerBfr3fqYtxasfOYQ/ZH1+QM2rpyV</latexit>V = c↵, f = c↵,DDP:

DSP:
<latexit sha1_base64="g0lqs2OuVz/1FLnHG7LKCcMf6ho=">AAACOXicbZBNS8NAEIY3flu/qh69LBZBUEuiUr0IghePFWwVmhIm241dukmW3YlQQv+WF/+FN8GLB0W8+gfc1hy0dWDh5X1mmJ03VFIYdN1nZ2p6ZnZufmGxtLS8srpWXt9omjTTjDdYKlN9G4LhUiS8gQIlv1WaQxxKfhP2Lob85p5rI9LkGvuKt2O4S0QkGKC1gnLd74FSEDTPTJD7IUc48EGqLgz2fVqwaILt+SzFkUPZGArKFbfqjopOCq8QFVJUPSg/+Z2UZTFPkEkwpuW5Cts5aBRM8kHJzwxXwHpwx1tWJhBz085Hlw/ojnU6NEq1fQnSkft7IofYmH4c2s4YsGvG2dD8j7UyjE7buUhUhjxhP4uiTFJM6TBG2hGaM5R9K4BpYf9KWRc0MLRhl2wI3vjJk6J5WPVq1aOr48p5rYhjgWyRbbJLPHJCzsklqZMGYeSBvJA38u48Oq/Oh/P50zrlFDOb5E85X9+b9a39</latexit>

V = s��↵, f = s��↵ + cot�c��↵

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

X ⌘ ghXX/gSMhXX

本研究ではN2HDMのより単純なタイプであるDDPについて解析を行なった。

[ I. Engeln, P. Ferreira, M. M. Muhlleitner, R. Santos, J. Wittbrodt, JHEP 08 (2020) 085 ]

[N2HDM DDP or DSP]

[よりミニマルなスカラーDM模型]

[N. G. Deshpande and E. Ma, PRD 18, 2574 (1978)]

[J. McDonald, PRD 50 (1994) 3637, etc. ]

<latexit sha1_base64="5wcUCMzJ525d6L19mMdrbcUocEQ="></latexit>

L = V
2mW

v
hSMV V + f

mf

v
hSMf̄f

• この模型を考えるモチベーション        

DM候補を含みかつツリーレベルでヒッグス結合定数のズレがある。

→ Higgs measurement と Higgs boson invisible 崩壊の相補性を議論できる。
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→ Z2  oddスカラー
<latexit sha1_base64="t8VQUYlDXMgw8AriEaNl2Xa4Zyw=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgopRERV1W7aLLCvYBTQyT6aQdOpmEmYkQQv0VNy4UceuHuPNvnLZZaOuBC4dz7uXee/yYUaks69sorKyurW8UN0tb2zu7e+b+QUdGicCkjSMWiZ6PJGGUk7aiipFeLAgKfUa6/vh26ncfiZA04vcqjYkboiGnAcVIackzy02vUXXgtddwYLX54MSh1/DMilWzZoDLxM5JBeRoeeaXM4hwEhKuMENS9m0rVm6GhKKYkUnJSSSJER6jIelrylFIpJvNjp/AY60MYBAJXVzBmfp7IkOhlGno684QqZFc9Kbif14/UcGVm1EeJ4pwPF8UJAyqCE6TgAMqCFYs1QRhQfWtEI+QQFjpvEo6BHvx5WXSOa3ZF7Wzu/NK/SaPowgOwRE4ATa4BHXQBC3QBhik4Bm8gjfjyXgx3o2PeWvByGfK4A+Mzx/8nJMS</latexit>

HD, AD , H
±
D CP- even ヒッグス :

                   がDMの場合を考える(                     )。

<latexit sha1_base64="QeGVQ7NGp9OGxda8jvklkw6PnBQ="></latexit>✓
H1

H2

◆
=

✓
c↵ s↵

�s↵ c↵

◆✓
⇢1

⇢S

◆

<latexit sha1_base64="KV3ctOUW+Y2XjPNTK59Bq+yYb2A=">AAACCnicbVC7SgNBFJ31GeMrammzGgSrsKviAywiWqSMYB6QLMvs5CYZMvtg5q4Ylq1t/BUbC0Vs/QI7/8ZJsoUmHhju4Zx7Z+4cLxJcoWV9G3PzC4tLy7mV/Ora+sZmYWu7rsJYMqixUISy6VEFggdQQ44CmpEE6nsCGt7geuQ37kEqHgZ3OIzA8Wkv4F3OKGrJLey1ER5wfE/iiRjSxHeTinuTXup6pWvqFopWyRrDnCV2RookQ9UtfLU7IYt9CJAJqlTLtiJ0EiqRMwFpvh0riCgb0B60NA2oD8pJxiuk5oFWOmY3lPoEaI7V3xMJ9ZUa+p7u9Cn21bQ3Ev/zWjF2z52EB1GMELDJQ91YmBiao1zMDpfAUAw1oUxyvavJ+lRShjq9vA7Bnv7yLKkflezT0vHtSbF8kcWRI7tknxwSm5yRMqmQKqkRRh7JM3klb8aT8WK8Gx+T1jkjm9khf2B8/gB+kptf</latexit>

mHD < mAD

<latexit sha1_base64="AZQV5w7Epe62jActI2G/dSwmdvI=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzCj4nIL6CHHCGaBJISeTk3SpGehu0YMw4C/4sWDIl79Dm/+jZ1JDpr4oODxXlVX13MjKTTa9reVW1peWV3Lrxc2Nre2d4q7ew0dxopDnYcyVC2XaZAigDoKlNCKFDDfldB0RzcTv/kASoswuMdxBF2fDQLhCc7QSL3iQQfhEbN3ElfGkCbV3m3aK5bssp2BLhJnRkpkhlqv+NXphzz2IUAumdZtx46wmzCFgktIC51YQ8T4iA2gbWjAfNDdJFub0mOj9KkXKlMB0kz9PZEwX+ux75pOn+FQz3sT8T+vHaN31U1EEMUIAZ8u8mJJMaSTLGhfKOAox4YwroT5K+VDphhHk1jBhODMn7xIGqdl56J8dndeqlzP4siTQ3JETohDLkmFVEmN1AknCXkmr+TNerJerHfrY9qas2Yz++QPrM8fLYGWPw==</latexit>

HD

ヒッグスボソンとDM (=HD) の3点結合は次のように書ける。：
<latexit sha1_base64="9GmJEySH8AMPL/gPs5DbKkY+4Zc="></latexit>

V 3 m2
22|�2|2 + �8|�2|2�2

S

<latexit sha1_base64="73YpzKmgn4WR5acao+iLivcyh5o="></latexit>

�H1HDHD = �2

v
(m2

HD
�m2

22)

�H2HDHD = 0

IDMの場合　[                                                                              ]
<latexit sha1_base64="u/dUZZJnG4YgT5X/VBPyXI23aXs="></latexit>

↵ ! 0, �8 ! 0 vs ! 1 (mH2 = const.)

( XENON1Tの制限 ): [G.Arcadi, et al, Phys.Rept. 842 (2020)1]
<latexit sha1_base64="g0aNqBxKkEoPqqv4EIjjnSdWZTQ="></latexit>

|�HiHDHD/(2v)| . 0.05 at 60 GeV
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インビジブル崩壊に対する輻射補正の効果を含めるとこの結果は変わるか？

• Higgs signal strengthからの制限 →

• ATLASの現状の上限よりも強い。

[ I. Engeln, P. Ferreira, M. M. Muhlleitner, R. Santos, J. Wittbrodt, JHEP 08 (2020) 085 ]

BRinv. =0.11 (ATLAS)

 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 0.9  0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99  1

DDP mHD
 < mAD

,  mH1
=125.09 GeV

BR
LO

(H
1→

H
D

H
D

) 

µWW 

<latexit sha1_base64="ZrmQEf8s8ZonOjunVJM6NxvGncc="></latexit>

µWW =
�(pp ! h125 ! WW )

�SM(pp ! h125 ! WW )

<latexit sha1_base64="XeHyGRgJ4sucYKsJtTeVRP0rKL0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyFR8QEuim5cVrEPaEKYTCft0JlJmJkUSihu/BU3LhRx61e482+cPhbaeuDC4Zx7ufeeKGVUadf9tgoLi0vLK8XV0tr6xuaWvb1TV0kmManhhCWyGSFFGBWkpqlmpJlKgnjESCPq3Yz8Rp9IRRPxoAcpCTjqCBpTjLSRQnvv+j7MfckhFX1n6DOilKIcus5laJddxx0DzhNvSspgimpof/ntBGecCI0ZUqrluakOciQ1xYwMS36mSIpwD3VIy1CBOFFBPn5hCA+N0oZxIk0JDcfq74kccaUGPDKdHOmumvVG4n9eK9PxRZBTkWaaCDxZFGcM6gSO8oBtKgnWbGAIwpKaWyHuIomwNqmVTAje7MvzpH7seGfOyd1puXI1jaMI9sEBOAIeOAcVcAuqoAYweATP4BW8WU/Wi/VufUxaC9Z0Zhf8gfX5A/Knlns=</latexit>

BRinv. . 0.9

<latexit sha1_base64="/kff9b/FpLMtwFVjw6z/tKB0IVA="></latexit>

BR
LO(H1 ! HDHD) =

�LO(H1 ! HDHD)

�H1

=
�
2

H1HDHD

32⇡2mH1�H1

s

1�
4m2

HD

m
2

H1



3. NLO Decay rateの計算
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<latexit sha1_base64="b3Z302UmgxL7vlbheDc0Za+vOBU="></latexit>

�NLO(H1,2 ! HDHD) = �LO


1 +

2

�H1,2HDHD

Re(M1PI +MCT)

�
• NLO Decay rateの計算 

• カウンタータームの計算

-  質量、波動関数繰り込み                  :  

-  混合角       :

<latexit sha1_base64="pFiPSCn5tPF8E9EhRfXQH2TQSc8=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZFRVxUXCjC6GCfUBnLJk0bUOTzJBkhDLOwl9x40IRt/6GO//GTDsLbT0QOJxzL/fkBBGjSjvOt1WYm19YXCoul1ZW19Y37M2thgpjiUkdhyyUrQApwqggdU01I61IEsQDRprB8DLzmw9EKhqKOz2KiM9RX9AexUgbqWPveBzpAUYsuUnvE09y6Nau0/OOXXYqzhhwlrg5KYMctY795XVDHHMiNGZIqbbrRNpPkNQUM5KWvFiRCOEh6pO2oQJxovxknD+F+0bpwl4ozRMajtXfGwniSo14YCaztGray8T/vHase2d+QkUUayLw5FAvZlCHMCsDdqkkWLORIQhLarJCPEASYW0qK5kS3Okvz5LGYcU9qRzdHperF3kdRbAL9sABcMEpqIIrUAN1gMEjeAav4M16sl6sd+tjMlqw8p1t8AfW5w92/5W5</latexit>

M1PI : +
<latexit sha1_base64="ilef4+scIvPKKhYJcQGH2p/oVCs=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuilpYBGxSRjAfkBxhb7NJluztHbtzQjjyI2wsFLH199j5b9wkV2jig4HHezPMzAtiKQy67reTW1vf2NzKbxd2dvf2D4qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfh+5reeuDYiUo84ibkf0qESA8EoWqlV66XeRWXaK5bcsjsHWSVeRkqQod4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x1JFQ278dH7ulJxZpU8GkbalkMzV3xMpDY2ZhIHtDCmOzLI3E//zOgkObv1UqDhBrthi0SCRBCMy+530heYM5cQSyrSwtxI2opoytAkVbAje8surpFkpe9fly4erUvUuiyMPJ3AK5+DBDVShBnVoAIMxPMMrvDmx8+K8Ox+L1pyTzRzDHzifP2MljvA=</latexit>

H1,2

<latexit sha1_base64="LhMnr5c6izzi4tsgAZC0i/TUNfw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1MIioEXKCF4SSI6wt9kkS/b2jt05IRz5DTYWitj6g+z8N26SKzT6YODx3gwz88JECoOu++UUVlbX1jeKm6Wt7Z3dvfL+QdPEqWbcZ7GMdTukhkuhuI8CJW8nmtMolLwVjm9nfuuRayNi9YCThAcRHSoxEIyilfx6L7ub9soVt+rOQf4SLycVyNHolT+7/ZilEVfIJDWm47kJBhnVKJjk01I3NTyhbEyHvGOpohE3QTY/dkpOrNIng1jbUkjm6s+JjEbGTKLQdkYUR2bZm4n/eZ0UB9dBJlSSIldssWiQSoIxmX1O+kJzhnJiCWVa2FsJG1FNGdp8SjYEb/nlv6R5VvUuq+f3F5XaTR5HEY7gGE7BgyuoQR0a4AMDAU/wAq+Ocp6dN+d90Vpw8plD+AXn4xukc46R</latexit>

HD

<latexit sha1_base64="LhMnr5c6izzi4tsgAZC0i/TUNfw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1MIioEXKCF4SSI6wt9kkS/b2jt05IRz5DTYWitj6g+z8N26SKzT6YODx3gwz88JECoOu++UUVlbX1jeKm6Wt7Z3dvfL+QdPEqWbcZ7GMdTukhkuhuI8CJW8nmtMolLwVjm9nfuuRayNi9YCThAcRHSoxEIyilfx6L7ub9soVt+rOQf4SLycVyNHolT+7/ZilEVfIJDWm47kJBhnVKJjk01I3NTyhbEyHvGOpohE3QTY/dkpOrNIng1jbUkjm6s+JjEbGTKLQdkYUR2bZm4n/eZ0UB9dBJlSSIldssWiQSoIxmX1O+kJzhnJiCWVa2FsJG1FNGdp8SjYEb/nlv6R5VvUuq+f3F5XaTR5HEY7gGE7BgyuoQR0a4AMDAU/wAq+Ocp6dN+d90Vpw8plD+AXn4xukc46R</latexit>

HD

<latexit sha1_base64="r8ewCSNTQT0N4ANxD+qCeZEK9pI=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2VGRUVcFLpxI1ToCzpjyaSZNjTJDElGKMOAv+LGhSJu/Q53/o2ZtgttPRA4nHMv9+QEMaNKO863VVhaXlldK66XNja3tnfs3b2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sGolvvtRyIVjURDj2PiczQQNKQYaSP17AOPIz3EiKV32UPqSQ5rjey6Z5edijMBXCTujJTBDPWe/eX1I5xwIjRmSKmu68TaT5HUFDOSlbxEkRjhERqQrqECcaL8dBI/g8dG6cMwkuYJDSfq740UcaXGPDCTeVg17+Xif1430eGVn1IRJ5oIPD0UJgzqCOZdwD6VBGs2NgRhSU1WiIdIIqxNYyVTgjv/5UXSOq24F5Wz+/Ny9WZWRxEcgiNwAlxwCargFtRBE2CQgmfwCt6sJ+vFerc+pqMFa7azD/7A+vwB/PWVfA==</latexit>

MCT :
<latexit sha1_base64="R/X/GljV/D6teV0I8/bukvcVtn4="></latexit>

3 �m2
Hi

, �m2
HD

, �ZHi , �ZHD , �↵,

�m2
22, ��8, �vS

<latexit sha1_base64="loGEQBh++W/dZeZD+UoAUwAkVLc=">AAACJnicdZDLSsNAFIYn9VbrLerSTbAIdVOSKOpCoeCmywr2Ak0Mk+mkHTqThJmJUEKexo2v4sZFRcSdj+I0zUJbPTDw8f/ncOb8fkyJkKb5qZVWVtfWN8qbla3tnd09ff+gI6KEI9xGEY14z4cCUxLitiSS4l7MMWQ+xV1/fDvzu4+YCxKF93ISY5fBYUgCgqBUkqffOCMoU6dFMi9telbTs7MayzF7sE//de3cNT29atbNvIxlsAqogqJanj51BhFKGA4lolCIvmXG0k0hlwRRnFWcROAYojEc4r7CEDIs3DQ/MzNOlDIwgoirF0ojV39OpJAJMWG+6mRQjsSiNxP/8vqJDK7clIRxInGI5ouChBoyMmaZGQPCMZJ0ogAiTtRfDTSCHCKpkq2oEKzFk5ehY9eti/rZ3Xm1cV3EUQZH4BjUgAUuQQM0QQu0AQJP4AVMwZv2rL1q79rHvLWkFTOH4FdpX9/KAaQQ</latexit>

⇧̂H1H2(m
2
H1

) = ⇧̂H1H2(m
2
H2

) = 0

Pysicalなパラメータ(質量や混合角など)とm22,  λ8をinputに選んだ。

これらのパラメータはCP-evenヒッグスの2点関数で繰り込める。

<latexit sha1_base64="9GmJEySH8AMPL/gPs5DbKkY+4Zc="></latexit>

V 3 m2
22|�2|2 + �8|�2|2�2

S

<latexit sha1_base64="bB6N1S7TVUvwGbgkgsIEEDiiSCs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0V9Rj04jGCeUB2Cb2zs8mQ2YczvYGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuurv8VAqNtv1trayurW9slrbK2zu7e/uVg8OWTjLFeJMlMlEdHzSXIuZNFCh5J1UcIl/ytj+8m/rtEVdaJPEjjlPuRdCPRSgYoJE8N+ASgbog0wH0KlW7Zs9Al4lTkCop0OhVvtwgYVnEY2QStO46dopeDgoFk3xSdjPNU2BD6POuoTFEXHv57OgJPTVKQMNEmYqRztTfEzlEWo8j33RGgAO96E3F/7xuhuGNl4s4zZDHbL4ozCTFhE4ToIFQnKEcGwJMCXMrZQNQwNDkVDYhOIsvL5PWec25ql08XFbrt0UcJXJMTsgZccg1qZN70iBNwsgTeSav5M0aWS/Wu/Uxb12xipkj8gfW5w97jZHs</latexit>

�↵

<latexit sha1_base64="HvearAyPxDBxLIs8cv05cdqmx64=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJAVVJQcBYwdKxSPQh2hA5jtNatZ3IdpCqqCMLv8LCAEKsfAIbf4PbZoDCka50fM698r0nSBhV2nG+rMLC4tLySnG1tLa+sbllb++0VJxKTJo4ZrHsBEgRRgVpaqoZ6SSSIB4w0g6GVxO/fU+korG40aOEeBz1BY0oRtpIvr3fCwnTCPK7qp/VfTo+zoXb2dO3y07FmQL+JW5OyiBHw7c/e2GMU06Exgwp1XWdRHsZkppiRsalXqpIgvAQ9UnXUIE4UV42PWQMD40SwiiWpoSGU/XnRIa4UiMemE6O9EDNexPxP6+b6ujCy6hIUk0Enn0UpQzqGE5SgSGVBGs2MgRhSc2uEA+QRFib7EomBHf+5L+kVa24Z5WT69Ny7TKPowj2wAE4Ai44BzVQBw3QBBg8gCfwAl6tR+vZerPeZ60FK5/ZBb9gfXwD5byZRg==</latexit>

�m2
Hi

, �ZHi
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H1,2 —> HD HD の計算 (2)

10

•  　　　　　　　　   は、2点関数では繰り込みができないパラメータ
<latexit sha1_base64="LWziIIHXjD9ClHz6N2dIqy9eAFE=">AAACGHicbZC7TsMwFIYdrqXcAowsFhUSAypJQNCBoRIMjEXQi9SEyHHc1qpzke1UqqI+BguvwsIAQqzdeBucNAO0/JKlX985x/b5vZhRIQ3jW1taXlldWy9tlDe3tnd29b39logSjkkTRyziHQ8JwmhImpJKRjoxJyjwGGl7w5us3h4RLmgUPspxTJwA9UPaoxhJhVz9zPYJkwgGbmpZkyfr1IYFsZm6xUduLUO3ORq5D65eMapGLrhozMJUQKGGq09tP8JJQEKJGRKiaxqxdFLEJcWMTMp2IkiM8BD1SVfZEAVEOGm+2AQeK+LDXsTVCSXM6e+JFAVCjANPdQZIDsR8LYP/1bqJ7NWclIZxIkmIZw/1EgZlBLOUoE85wZKNlUGYU/VXiAeIIyxVlmUVgjm/8qJpWVXzsnp+f1GpXxdxlMAhOAInwARXoA7uQAM0AQbP4BW8gw/tRXvTPrWvWeuSVswcgD/Spj/7MJ55</latexit>

�m2
22, ��8, �vS

2. これらのカウンタータームが現れる崩壊過程で決める。
<latexit sha1_base64="U5nrJWh6nsWKRmRrgL19W7wmN/0=">AAACKHicbVBdS8MwFE3n15xfUx99CQ5FEEaroj4IbujDHie4D1hnSbN0C0vTkqTCKPs5vvhXfBFRZK/+EtOuiG5euOHk3HNJznFDRqUyzYmRW1hcWl7JrxbW1jc2t4rbO00ZRAKTBg5YINoukoRRThqKKkbaoSDIdxlpucObZN56JELSgN+rUUi6Pupz6lGMlKac4nXNofDQVgGsObdp23bhh6vqe3WGqz0cJ8r0tG2nWDLLZlpwHlgZKIGs6k7xze4FOPIJV5ghKTuWGapujISimJFxwY4kCREeoj7paMiRT2Q3To2O4YFmetALhG6uYMr+3oiRL+XId7XSR2ogZ2cJ+d+sEynvshtTHkaKcDx9yIsY1H6T1GCPCoIVG2mAsKD6rxAPkEBY6WwLOgRr1vI8aJ6UrfPy6d1ZqXKVxZEHe2AfHAELXIAKqIE6aAAMnsALeAcfxrPxanwak6k0Z2Q7u+BPGV/fjTCgxA==</latexit>

Hi ! HDHD

Hi ! ADAD

Hi ! H
+
DH

+
D

1. MS スキームで決める。

[A. Pierce, J. Thaler, JHEP 08 (2007) 026]

LEPの制限 

<latexit sha1_base64="7tcS3vaIHPiB/xL+RBsm/pl8jD0=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEqi4gNcFBTssoJ9QBPDZDpph84kYWYilJCNG3/FjQtF3PoP7vwbp20W2npg4HDOudy5x48Zlcqyvo3C3PzC4lJxubSyura+YW5uNWWUCEwaOGKRaPtIEkZD0lBUMdKOBUHcZ6TlD65GfuuBCEmj8E4NY+Jy1AtpQDFSWvLMXe6ltftD7zpzekrHOLywUkdweEOamWeWrYo1Bpwldk7KIEfdM7+cboQTTkKFGZKyY1uxclMkFMWMZCUnkSRGeIB6pKNpiDiRbjq+IoP7WunCIBL6hQqO1d8TKeJSDrmvkxypvpz2RuJ/XidRwbmb0jBOFAnxZFGQMKgiOKoEdqkgWLGhJggLqv8KcR8JhJUurqRLsKdPniXNo4p9Wjm+PSlXL/M6imAH7IEDYIMzUAU1UAcNgMEjeAav4M14Ml6Md+NjEi0Y+cw2+APj8wdP05fN</latexit>

m
H

+
D
& 90GeV

<latexit sha1_base64="PYeGBjMXsYSnqP1Fu0YEH/sUjgY="></latexit>

mAD & mZ �mHD ,

mAD ⇠ mHD for (mAD < mh/2)
[E. Lundstrom, M. Gustafsson, J. Edsjo, PRD 79 (2009) ]

 OS process-dependent スキーム    :

ZEM process-dependent スキーム  :
( ZEM: Zero External Momentum )

-  OS proc. スキームは                           にしか適用できない。
<latexit sha1_base64="PjWG8Ezw2x3bhFPjgexjesfkZRk=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4qkkV9dBDRQ8eK9gPaEPYbDft0t0k7G4KJfSfePGgiFf/iTf/jZu2B219MPB4b4aZeUHCmdKO822trK6tb2wWtorbO7t7+/bBYVPFqSS0QWIey3aAFeUsog3NNKftRFIsAk5bwfAu91sjKhWLoyc9TqgncD9iISNYG8m3beFnt/79BFWR8AfnlaJvl5yyMwVaJu6clGCOum9/dXsxSQWNNOFYqY7rJNrLsNSMcDopdlNFE0yGuE87hkZYUOVl08sn6NQoPRTG0lSk0VT9PZFhodRYBKZTYD1Qi14u/ud1Uh3eeBmLklTTiMwWhSlHOkZ5DKjHJCWajw3BRDJzKyIDLDHRJqw8BHfx5WXSrJTdq/LF42WpVp3HUYBjOIEzcOEaavAAdWgAgRE8wyu8WZn1Yr1bH7PWFWs+cwR/YH3+ADQWkhA=</latexit>

mAD < mh/2

→　　　　　　　で決める。
<latexit sha1_base64="vOiatOAvK2AgkOkYJvXYZz99jRc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWBRXEhJqqgLFxVddFnBPqAJYTKdtkMnkzAzEUqoG3/FjQtF3PoX7vwbJ2kW2nrgwuGce5k5x48Ylcqyvo3CwuLS8kpxtbS2vrG5ZW7vtGQYC0yaOGSh6PhIEkY5aSqqGOlEgqDAZ6Ttj25Sv/1AhKQhv1fjiLgBGnDapxgpLXnmXt1L7JPqBB45KoTX3m02jlPyzLJVsTLAeWLnpAxyNDzzy+mFOA4IV5ghKbu2FSk3QUJRzMik5MSSRAiP0IB0NeUoINJNsgQTeKiVHuyHQg9XMFN/XyQokHIc+HozQGooZ71U/M/rxqp/6SaUR7EiHE8f6scM6rBpHbBHBcGKjTVBWFD9V4iHSCCsdGlpCfZs5HnSqlbs88rp3Vm5dpXXUQT74AAcAxtcgBqogwZoAgwewTN4BW/Gk/FivBsf09WCkd/sgj8wPn8AU1GUOg==</latexit>

H1,2 ! ADAD

-  カウンタータームは　　　　に依存しない：
<latexit sha1_base64="2JbecOo/JlcBhYY1qd5mRJo7I1w="></latexit>

MCT = MCT
proc.(�m

2
22, ��8)

<latexit sha1_base64="JxXXAHagU8wYg3aM1C44VbOQdw0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegHjxGNA9MljA76U2GzM4uM7OBsOQvvHhQxKt/482/cfI4aLSgoajqprsrSATXxnW/nNzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwPfEbQ1Sax/LBjBL0I9qTPOSMGis9tm9QGEqGnftOseSW3SnIX+LNSQnmqHaKn+1uzNIIpWGCat3y3MT4GVWGM4HjQjvVmFA2oD1sWSpphNrPphePyZFVuiSMlS1pyFT9OZHRSOtRFNjOiJq+XvQm4n9eKzXhpZ9xmaQGJZstClNBTEwm75MuV8iMGFlCmeL2VsL6VFFmbEgFG4K3+PJfUj8pe+fl07uzUuVqHkceDuAQjsGDC6jALVShBgwkPMELvDraeXbenPdZa86Zz+zDLzgf3/LtkHQ=</latexit>

�vS
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付加的ヒッグスのループ効果

11

• 近似公式  (MS スキーム)

 の状況を考える
<latexit sha1_base64="HJWDUTwDkP7pCeEhpMxl4SLGhJ0=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUmZU1GVRF11WsA/oDMOdTKYNzTxIMkIZ+hFu/BU3LhRx68Kdf2PazkJbLwkczrmH5Bw/5Uwqy/o2FhaXlldWS2vl9Y3NrW1zZ7clk0wQ2iQJT0THB0k5i2lTMcVpJxUUIp/Ttj+4GevtByokS+J7NUypG0EvZiEjoDTlmccOSaQDPO2DoxJsnzgYO1z7A/DyumfXvVt9Rg7n2PbMilW1JoPngV2ACiqm4ZlfTpCQLKKxIhyk7NpWqtwchGKE01HZySRNgQygR7saxhBR6eaTUCN8qJkAh4nQN1Z4wv525BBJOYx8vRmB6stZbUz+p3UzFV65OYvTTNGYTB8KM451/HFDOGCCEsWHGgARTP8Vkz4IIEr3WNYl2LOR50HrtGpfVM/uziu166KOEtpHB+gI2egS1VAdNVATEfSIntErejOejBfj3fiYri4YhWcP/Rnj8wcwJp0D</latexit>

cos↵ ! 1, �H1HDHD ⌧ 1

<latexit sha1_base64="WUMmWJiGFYoUcb+Iy8kYHtkgo8U=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaSRPnZFN11WtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeIOFMacf5sNbWNza3tnM7+d29/YPDwtFxW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB5Hrud+6pVCwWd3qaUD/CI8FCRrA20m1jUBoUio7t1Eolr4wc2/WqlZpnSNX1DEWu7SxQhBWag8J7fxiTNKJCE46V6rlOov0MS80Ip7N8P1U0wWSCR7RnqMARVX62OHWGzo0yRGEsTQmNFur3iQxHSk2jwHRGWI/Vb28u/uX1Uh1W/YyJJNVUkOWiMOVIx2j+NxoySYnmU0MwkczcisgYS0y0SSdvQvj6FP1P2iXbLdvezWWxfrWKIwencAYX4EIF6tCAJrSAwAge4AmeLW49Wi/W67J1zVrNnMAPWG+fPmyNzA==</latexit>

H2

<latexit sha1_base64="2oOr169vhk1Z5W53PSV1AQ2PL+U=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmYykuUW1EOOEc0CyRB6Op2kSU/P0N0jhCGf4MWDIl79Im/+jZ1FUNEHBY/3qqiqF8ScKe04H1ZmbX1jcyu7ndvZ3ds/yB8etVSUSEKbJOKR7ARYUc4EbWqmOe3EkuIw4LQdTK7mfvueSsUicaenMfVDPBJsyAjWRrqt96/7+YJjO9Vi0Sshx3a9SrnqGVJxPUORazsLFGCFRj//3htEJAmp0IRjpbquE2s/xVIzwuks10sUjTGZ4BHtGipwSJWfLk6doTOjDNAwkqaERgv1+0SKQ6WmYWA6Q6zH6rc3F//yuokeVvyUiTjRVJDlomHCkY7Q/G80YJISzaeGYCKZuRWRMZaYaJNOzoTw9Sn6n7SKtluyvZuLQu1yFUcWTuAUzsGFMtSgDg1oAoERPMATPFvcerRerNdla8ZazRzDD1hvn1m0jd4=</latexit>

HD

<latexit sha1_base64="4RVDdCTPEbM/QMRkp8MlfWouRnI=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GmY60seuqIsuK9gHtGPJpGkbmmRCkhHK0I9w40IRt36PO//G9CGo6IELh3Pu5d57IsmoNp734WTW1jc2t7LbuZ3dvf2D/OFRS8eJwqSJYxarToQ0YVSQpqGGkY5UBPGIkXY0uZr77XuiNI3FrZlKEnI0EnRIMTJWatf713c9yfv5gud61WIxKEHP9YNKuRpYUvEDS6HvegsUwAqNfv69N4hxwokwmCGtu74nTZgiZShmZJbrJZpIhCdoRLqWCsSJDtPFuTN4ZpUBHMbKljBwoX6fSBHXesoj28mRGevf3lz8y+smZlgJUypkYojAy0XDhEETw/nvcEAVwYZNLUFYUXsrxGOkEDY2oZwN4etT+D9pFV2/5AY3F4Xa5SqOLDgBp+Ac+KAMaqAOGqAJMJiAB/AEnh3pPDovzuuyNeOsZo7BDzhvn1xXj50=</latexit>

H
±
D

<latexit sha1_base64="bKMqp6d0THXBf0ekMGmnqSm1xnE=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKiSN9LErutBlBdMKbSyT6aQdOpmEmYlQSr/BjQtF3PpB7vwbpw9BRQ9cOJxzL/feE6acKe04H1ZuZXVtfSO/Wdja3tndK+4ftFSSSUJ9kvBE3oZYUc4E9TXTnN6mkuI45LQdji5mfvueSsUScaPHKQ1iPBAsYgRrI/mXd9007hVLju3Uy2Wvghzb9WrVumdIzfUMRa7tzFGCJZq94nu3n5AspkITjpXquE6qgwmWmhFOp4VupmiKyQgPaMdQgWOqgsn82Ck6MUofRYk0JTSaq98nJjhWahyHpjPGeqh+ezPxL6+T6agWTJhIM00FWSyKMo50gmafoz6TlGg+NgQTycytiAyxxESbfAomhK9P0f+kVbbdiu1dn5Ua58s48nAEx3AKLlShAVfQBB8IMHiAJ3i2hPVovVivi9actZw5hB+w3j4BFl+O5Q==</latexit>

G±,

,

}

<latexit sha1_base64="7JidvknDziJFOSNaeagcjQgw+t8="></latexit>

↵!0
= (��8vS)

2

• ほとんどの項は                   に比例する。
<latexit sha1_base64="Ljk+/3ijHKwfUhvOMdbv9zOdsx8=">AAAB/HicbVDLSgMxFL1TX7W+Rrt0EyyCqzKj4mNX0EWXFewD2mHIZNI2NJMZkowwDPVX3LhQxK0f4s6/MW1nodVDAodzziU3J0g4U9pxvqzSyura+kZ5s7K1vbO7Z+8fdFScSkLbJOax7AVYUc4EbWumOe0lkuIo4LQbTG5mfveBSsVica+zhHoRHgk2ZARrI/l2dcBNOMR+3vTdpn9rztS3a07dmQP9JW5BalCg5dufgzAmaUSFJhwr1XedRHs5lpoRTqeVQapogskEj2jfUIEjqrx8vvwUHRslRMNYmis0mqs/J3IcKZVFgUlGWI/VsjcT//P6qR5eeTkTSaqpIIuHhilHOkazJlDIJCWaZ4ZgIpnZFZExlpho01fFlOAuf/kv6ZzW3Yv62d15rXFd1FGGQziCE3DhEhrQhBa0gUAGT/ACr9aj9Wy9We+LaMkqZqrwC9bHN7+4lCo=</latexit>

�H1HDHD

• λ8　に依存してH2  のループ効果がエンハンスする。

<latexit sha1_base64="+4B08zHul0iaFKYYGWc5ShZkd94=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyq+LgFvOQY0TwgWcLspDcZMju7zMwKYcknePGgiFe/yJt/4yTZg0YLGoqqbrq7gkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YhK81g+mEmCfkSHkoecUWOl+3rf65crbtWdg/wlXk4qkKPRL3/2BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiUnVhmQMFa2pCFz9edERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLf0nrrOpdVs/vLiq1mzyOIhzBMZyCB1dQgzo0oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4BwmiNbw==</latexit>

H1

<latexit sha1_base64="fAVlyK9uNced4IPoPuaVF5dFll8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyq+LgF9JBjRPOAZAmzk04yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSP5aMYx+iEdSN7njBorPVS7d91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOCt7l+Xz+4tS5SaLIw9HcAyn4MEVVKAKNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8f3zSNgg==</latexit>

HD

<latexit sha1_base64="fAVlyK9uNced4IPoPuaVF5dFll8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyq+LgF9JBjRPOAZAmzk04yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSP5aMYx+iEdSN7njBorPVS7d91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOCt7l+Xz+4tS5SaLIw9HcAyn4MEVVKAKNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8f3zSNgg==</latexit>

HD
<latexit sha1_base64="461XsiUuv/lNMJUY1bqDnpD1IyA="></latexit>

�H1!HDHD ' �LO

 
1� 4

�H1HDHDv

1

16⇡2

h
�2

H2HDHD
B0(m

2

HD
,mH2 ,mHD ) + 2�2

HDH
+
DG�B0(m

2

HD
,m

H
±
D
,mG±)

i!<latexit sha1_base64="nJbp6GfNi05BiEYYoMGnQ47bhN4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBL2VXRT2WevFYwX5Au5Rsmt3GZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgoQzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpapIrRJJJeqE2BNORO0aZjhtJMoiuOA03Ywup367SeqNJPiwYwT6sc4EixkBBsrtXp1FkVn/XLFrbozoGXi5aQCORr98ldvIEkaU2EIx1p3PTcxfoaVYYTTSamXappgMsIR7VoqcEy1n82unaATqwxQKJUtYdBM/T2R4VjrcRzYzhiboV70puJ/Xjc14Y2fMZGkhgoyXxSmHBmJpq+jAVOUGD62BBPF7K2IDLHCxNiASjYEb/HlZdI6r3pX1Yv7y0qtnsdRhCM4hlPw4BpqcAcNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz/15o68</latexit>!

}
<latexit sha1_base64="c/DdQxYeTDlAV6hjJht6BDyby3U="></latexit>

↵!0
=

1

v
(m2

H
±
D
�m2

HD
)

•   　　　　の場合は       ループの寄与も大きくなる。
<latexit sha1_base64="zVpPQ6kJE3/HH8Zfo1JtTn7/nxo=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lU1GNRDz1WsB/QxLDZbtqlu0nY3RRK6D/x4kERr/4Tb/4bt20OWn0w8Hhvhpl5YcqZ0o7zZZVWVtfWN8qbla3tnd09e/+grZJMEtoiCU9kN8SKchbTlmaa024qKRYhp51wdDvzO2MqFUviBz1JqS/wIGYRI1gbKbBtEeSNRy8Vwd3UGwyQG9hVp+bMgf4StyBVKNAM7E+vn5BM0FgTjpXquU6q/RxLzQin04qXKZpiMsID2jM0xoIqP59fPkUnRumjKJGmYo3m6s+JHAulJiI0nQLroVr2ZuJ/Xi/T0bWfszjNNI3JYlGUcaQTNIsB9ZmkRPOJIZhIZm5FZIglJtqEVTEhuMsv/yXts5p7WTu/v6jWb4o4ynAEx3AKLlxBHRrQhBYQGMMTvMCrlVvP1pv1vmgtWcXMIfyC9fENvIOTFA==</latexit>

m
H

±
D
� 1

<latexit sha1_base64="4iMmK9PsOQDDEJhY6uuitPuff24=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6Leuixgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqt56o0iyS92YcU1/ggWQhI9hY6SGtPXZj0bud9Iolt+zOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjo7eIJOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4ZWfMhknhkoyXxQmHJkITb9HfaYoMXxsCSaK2VsRGWKFibEZFWwI3uLLy6R5VvYuyud3lVL1OosjD0dwDKfgwSVUoQZ1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8wetaJBW</latexit>

H
±
D

[D. Azevedo P. Gabriel,M. Mühlleitner, KS, R. Santos]
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• 近似公式  (OS proc. スキーム)

付加的ヒッグスのループ効果 (2)

12

<latexit sha1_base64="HJWDUTwDkP7pCeEhpMxl4SLGhJ0=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUmZU1GVRF11WsA/oDMOdTKYNzTxIMkIZ+hFu/BU3LhRx68Kdf2PazkJbLwkczrmH5Bw/5Uwqy/o2FhaXlldWS2vl9Y3NrW1zZ7clk0wQ2iQJT0THB0k5i2lTMcVpJxUUIp/Ttj+4GevtByokS+J7NUypG0EvZiEjoDTlmccOSaQDPO2DoxJsnzgYO1z7A/DyumfXvVt9Rg7n2PbMilW1JoPngV2ACiqm4ZlfTpCQLKKxIhyk7NpWqtwchGKE01HZySRNgQygR7saxhBR6eaTUCN8qJkAh4nQN1Z4wv525BBJOYx8vRmB6stZbUz+p3UzFV65OYvTTNGYTB8KM451/HFDOGCCEsWHGgARTP8Vkz4IIEr3WNYl2LOR50HrtGpfVM/uziu166KOEtpHB+gI2egS1VAdNVATEfSIntErejOejBfj3fiYri4YhWcP/Rnj8wcwJp0D</latexit>

cos↵ ! 1, �H1HDHD ⌧ 1

[D. Azevedo P. Gabriel,M. Mühlleitner, KS, R. Santos]

• OS proc. スキームはHD とAD の質量差にSensitive。

•   　　　  の場合でもMSスキームと比べて補正は小さ
くなる。

<latexit sha1_base64="VUFqfLg9n/rIcaXbbcPbdAMB83I="></latexit>

� ' �LO

h
1� 2

�H1HDHD

⇣
M1PI

H1!HDHD
�M1PI

H1!ADAD
+MCT ��8,�m

2
22=0

H1!HDHD
�MCT ��8,�m

2
22=0

H1!ADAD

⌘i

<latexit sha1_base64="ROIf5IajV3HIHJL83KLNgRYqFyk="></latexit>

' �LO

h
1� 4

�H1HDHDv

�
⇧1PI

HDHD
(m2

HD
)�⇧1PI

ADAD
(m2

AD
)
�

� 2

16⇡2
�2

H2HDHD
C0(m

2

HD
,m2

HD
,m2

H1
;mHD ,mH2 ,mHD )

+
2

16⇡2
�2

H2HDHD
C0(m

2

AD
,m2

AD
,m2

H1
;mAD ,mH2 ,mAD )

i
,

<latexit sha1_base64="iXUrHy54Mcf4IagI7i6N6WkPNM0=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KoaI9FLx4rWFtoQthstunSzSbsbgol9J948aCIV/+JN/+N2zYHbR1YGGbm8d5OmHGmtON8W5W19Y3Nrep2bWd3b//APjx6UmkuCe2QlKeyF2JFORO0o5nmtJdJipOQ0244upv53TGViqXiUU8y6ic4FmzACNZGCmzb4yYc4aBoTr04Rm5g152GMwdaJW5J6lCiHdhfXpSSPKFCE46V6rtOpv0CS80Ip9OalyuaYTLCMe0bKnBClV/ML5+iM6NEaJBK84RGc/X3RIETpSZJaJIJ1kO17M3E/7x+rgdNv2AiyzUVZLFokHOkUzSrAUVMUqL5xBBMJDO3IjLEEhNtyqqZEtzlL6+Sp4uGe924fLiqt27LOqpwAqdwDi7cQAvuoQ0dIDCGZ3iFN6uwXqx362MRrVjlzDH8gfX5A8W9kxo=</latexit>

�8 � 1
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BRLO vs BRNLO/BRLO-1

13

• MSスキームとZEMスキームでは多くの点でNLO補正が100%以上になる。

• OSスキームでは、BRLO > 10-3 で NLO補正が100%以下になる。

• スキームdifferenceが大きいことも示している。 OSスキームとZEMスキームの差は
BRLO < 4×10-2 で100%以上になる

主要な寄与は  　            に比例する　    ループ

       ループはTパラメータで抑制される

<latexit sha1_base64="UBIgHGUqHuzI6KhY7LY5swItzAU=">AAAB/HicdVBJSwMxGM3UrdZttEcvwSJ4GmaRLreCHnqsYBdohyGTybShmYUkIwxD/StePCji1R/izX9juggq+kjg8d77yJfnp4wKaZofWmljc2t7p7xb2ds/ODzSj0/6Isk4Jj2csIQPfSQIozHpSSoZGaacoMhnZODPrhb+4I5wQZP4VuYpcSM0iWlIMZJK8vTqmKlwgLyi49kd71qduafXTMNs2bZTh6ZhOc1Gy1GkaTmKQsswl6iBNbqe/j4OEpxFJJaYISFGlplKt0BcUszIvDLOBEkRnqEJGSkao4gIt1guP4fnSglgmHB1YwmX6veJAkVC5JGvkhGSU/HbW4h/eaNMhk23oHGaSRLj1UNhxqBM4KIJGFBOsGS5IghzqnaFeIo4wlL1VVElfP0U/k/6tmHVDefmstY213WUwSk4AxfAAg3QBh3QBT2AQQ4ewBN41u61R+1Fe11FS9p6pgp+QHv7BDZZlHU=</latexit>

�H2HDHD

<latexit sha1_base64="+3r1lA7jtfdqrtviaTHJ79KgcQ4=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiSN9LEruOmyon1AG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0QMXDufcy733BAlnSjvOh5Xb2Nza3snvFvb2Dw6PiscnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+uF372nUrFY3OlZQv0IjwULGcHaSLfNYXlYLDm2Uy+XvQpybNerVeueITXXMxS5trNECdZoDYvvg1FM0ogKTThWqu86ifYzLDUjnM4Lg1TRBJMpHtO+oQJHVPnZ8tQ5ujDKCIWxNCU0WqrfJzIcKTWLAtMZYT1Rv72F+JfXT3VY8zMmklRTQVaLwpQjHaPF32jEJCWazwzBRDJzKyITLDHRJp2CCeHrU/Q/6ZRtt2J7N1elhrOOIw9ncA6X4EIVGtCEFrSBwBge4AmeLW49Wi/W66o1Z61nTuEHrLdPOQKNug==</latexit>

H2

<latexit sha1_base64="BHFHrGX3X8VhE5K2rqeKrQmpEpw=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6YjfewKuuiygn1AO5ZMmmlDk5mQZIQy9CPcuFDErd/jzr8xfQgqeuDC4Zx7ufeeUHKmDUIfztr6xubWdm4nv7u3f3BYODpu6yRVhLZIwhPVDbGmnMW0ZZjhtCsVxSLktBNOruZ+554qzZL41kwlDQQexSxiBBsrdRp3fSkG14NCEbmoVir5ZYhcz69War4lVc+3FHouWqAIVmgOCu/9YUJSQWNDONa65yFpggwrwwins3w/1VRiMsEj2rM0xoLqIFucO4PnVhnCKFG2YgMX6veJDAutpyK0nQKbsf7tzcW/vF5qomqQsVimhsZkuShKOTQJnP8Oh0xRYvjUEkwUs7dCMsYKE2MTytsQvj6F/5N2yfXKrn9zWayjVRw5cArOwAXwQAXUQQM0QQsQMAEP4Ak8O9J5dF6c12XrmrOaOQE/4Lx9AlePj4s=</latexit>

H
±
D

[D. Azevedo P. Gabriel,M. Mühlleitner, KS, R. Santos]



桜井　亘大 /15Probing the Higgs sector by precise calculation of the Higgs invisible decay

BRLO vs BRNLO

14

[D. Azevedo P. Gabriel,M. Mühlleitner, KS, R. Santos]

• NLO補正が100%以下になるパラメータ点においてBRNLOとBRLOの相関を調べた　

→ ZEM スキームでは、いくつかのパラメータポイントが BRinv.(ATLAS)で制限される 

→ HL-LHCの測定精度が実現されたときは、NLO補正の効果はより重要になる。

<latexit sha1_base64="BWRaEfy6D5aUWLeUXYIPnxKocao="></latexit>

BRinv.(HL-LHC) < 0.019

<latexit sha1_base64="R1w5y50UX3QC0vOGOcil9nFWpx4="></latexit>

BRinv.(ATLAS) < 0.11
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まとめ
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● Next-to-two Higgs doublet model (N2HDM)のDark doublet phase (DDP)におけ
るヒッグスボソンDM崩壊のNLO補正の計算を行った。

● LOの解析では、Higgs signal strengthから来る制限が現在のATLASのinvisible崩
壊の制限より強かった。

● NLO補正を取り入れるとLOのBRよりも大きくなり得る

→  ZEM スキームの予言はATLASの上限よりも大きくなるパラメータ領域がある。

→  将来加速器実験のsensitivityでは、どのスキームでもNLO補正の効果は重要。



Buck up
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スキャン解析

17

シナリオ 1:

シナリオ 2:

• 以下のパラメータ領域でスキャン解析を行い、ΓNLO の評価を行なった。

<latexit sha1_base64="233FhFRq9WzNAJxVGoWD/rxJMpU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqBch6CUXIaJ5QLIus5PZZMjM7DIzq4Ql/+HFgyJe/Rdv/o2Tx0GjBQ1FVTfdXWHCmTau++XkFhaXllfyq4W19Y3NreL2TkPHqSK0TmIeq1aINeVM0rphhtNWoigWIafNcHA19psPVGkWyzszTKgvcE+yiBFsrHRfDbyLfpB1lEC316OgWHLL7gToL/FmpAQz1ILiZ6cbk1RQaQjHWrc9NzF+hpVhhNNRoZNqmmAywD3atlRiQbWfTa4eoQOrdFEUK1vSoIn6cyLDQuuhCG2nwKav572x+J/XTk107mdMJqmhkkwXRSlHJkbjCFCXKUoMH1qCiWL2VkT6WGFibFAFG4I3//Jf0jgqe6fl45uTUuVyFkce9mAfDsGDM6hAFWpQBwIKnuAFXp1H59l5c96nrTlnNrMLv+B8fAN7Z5Hd</latexit>

H1 = hSM

<latexit sha1_base64="+0nuvBcNGL6bDQ2rXfe3R2a09pw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqBeh6KUXoaL9gDaGzXbTLt1swu5GKaH/w4sHRbz6X7z5b9y2OWjrg4HHezPMzPNjzpS27W8rt7S8srqWXy9sbG5t7xR395oqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ofXE7/1SKVikbjXo5i6Ie4LFjCCtZEeal7lcuClXRmiu5uxVyzZZXsKtEicjJQgQ90rfnV7EUlCKjThWKmOY8faTbHUjHA6LnQTRWNMhrhPO4YKHFLlptOrx+jIKD0URNKU0Giq/p5IcajUKPRNZ4j1QM17E/E/r5Po4MJNmYgTTQWZLQoSjnSEJhGgHpOUaD4yBBPJzK2IDLDERJugCiYEZ/7lRdKslJ2z8sntaal6lcWRhwM4hGNw4ByqUIM6NICAhGd4hTfryXqx3q2PWWvOymb24Q+szx989pHe</latexit>

H2 = hSM

-  理論的制限:  ユニタリティ, 真空安定性

-  実験的制限: DM 残存量、DM直接探索、ヒッグス精密測定、

エキストラヒッグス直接探索、電弱精密測定
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Decay rate for Hi —> HD HD at LO
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0.001 0.005 0.010 0.050 0.100
10-9

10-7
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0.001

0.100
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H
D
H
D
)[
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eV

]

mDM = 60, mH1= 125.09, mH2 = 500, cα = 0.95

H1→HDHD (m22=55)
H2→HDHD (m22=55)
H1→HDHD (m22=58)
H2→HDHD (m22=58)

<latexit sha1_base64="Xa30avpT3D+s7OGxEsb0zM7FLrk="></latexit>

�LO(Hi ! HDHD) =
�
2

HiHDHD

32⇡mHi

s

1�
4m2

HD

m
2

Hi
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Dark doublet phase のHiggs potential 

19

• ポテンシャルには13 個のパラメータがある。
<latexit sha1_base64="7V8IUGEnpTRCyLWkEVTxPKLUdnI="></latexit>

v , vs , mX (X = HD, AD, H
±
D , H1, H2) , ↵ , m

2
22 , �2 , �8

• IDM limit 
<latexit sha1_base64="Z2zK9vPi3Y7G3XjtxXLsobvQTOU="></latexit>

↵ ! 0 vs ! 1 (mH2 = const.), �8 ! 0

<latexit sha1_base64="h10Ab/ZndASDrYL8ICKiIQa+eXg=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFcSJmpoi6LblxWsA9ox5JJM21oJhmSjFKG/ocbF4q49V/c+Tem01lo64HLPZxzL7k5QcyZNq777Swtr6yurRc2iptb2zu7pb39ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupn6rUeqNJPi3oxj6kd4IFjICDZWeujWh6znnaKsV3ulsltxM6BF4uWkDDnqvdJXty9JElFhCMdadzw3Nn6KlWGE00mxm2gaYzLCA9qxVOCIaj/Nrp6gY6v0USiVLWFQpv7eSHGk9TgK7GSEzVDPe1PxP6+TmPDKT5mIE0MFmT0UJhwZiaYRoD5TlBg+tgQTxeytiAyxwsTYoIo2BG/+y4ukWa14F5Wzu/Ny7TqPowCHcAQn4MEl1OAW6tAAAgqe4RXenCfnxXl3PmajS06+cwB/4Hz+ANz/kXU=</latexit>

�1,�2
<latexit sha1_base64="TxCc+R4isoCRkWMSllUG2WAHnOI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0V9Vj04rGi/YB2Kdk028ZmkyXJCmXpf/DiQRGv/h9v/hvTdg/a+mDg8d4MM/PCRHBjPe8bLS2vrK6tFzaKm1vbO7ulvf2GUammrE6VULoVEsMEl6xuuRWslWhG4lCwZji8mfjNJ6YNV/LBjhIWxKQvecQpsU5qdGoD3r3vlspexZsCLxI/J2XIUeuWvjo9RdOYSUsFMabte4kNMqItp4KNi53UsITQIemztqOSxMwE2fTaMT52Sg9HSruSFk/V3xMZiY0ZxaHrjIkdmHlvIv7ntVMbXQUZl0lqmaSzRVEqsFV48jrucc2oFSNHCNXc3YrpgGhCrQuo6ELw519eJI3Tin9RObs7L1ev8zgKcAhHcAI+XEIVbqEGdaDwCM/wCm9IoRf0jj5mrUsonzmAP0CfP0Bqju0=</latexit>

�S

: SU(2)I doublet

: SU(2)I singlet
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DMの制限 [XENON1T]
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[ I. Engeln, P. Ferreira, M. M. Muhlleitner, R. Santos, J. Wittbrodt, JHEP 08 (2020) 085 ]

• DDPのmDM の100GeV~500GeV の領域では、　　　　　　.　
<latexit sha1_base64="BUNKe5geD4boQK6w2nvWtb1lExk=">AAACDXicbVDLSgMxFM34rPVVdekmWAVXw0wVdSFScOPOCvYBfZFJ77ShycyQZMQy9Afc+CtuXCji1r07/8ZMW0FbD1w4Oedecu/xIs6Udpwva25+YXFpObOSXV1b39jMbW1XVBhLCmUa8lDWPKKAswDKmmkOtUgCER6Hqte/TP3qHUjFwuBWDyJoCtINmM8o0UZq5/Yb1wK6pE1xr1U4/3m0koYUGO4je5jq7VzesZ0R8CxxJySPJii1c5+NTkhjAYGmnChVd51INxMiNaMchtlGrCAitE+6UDc0IAJUMxldM8QHRulgP5SmAo1H6u+JhAilBsIznYLonpr2UvE/rx5r/6yZsCCKNQR0/JEfc6xDnEaDO0wC1XxgCKGSmV0x7RFJqDYBZk0I7vTJs6RSsN0T++jmOF+8mMSRQbtoDx0iF52iIrpCJVRGFD2gJ/SCXq1H69l6s97HrXPWZGYH/YH18Q3Ihpq9</latexit>

⌦ch
2 < ⌦exp.

c h2

• いずれの位相も直接探索とDM残存量を満たすパラメータ領域は存在する。

→  今回、DDPのmDM ==40~63GeV のDMについてinvisible 崩壊の制限を調べた。
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Mass formulae 
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