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Current status of Higgs measurements
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[CMS, Nature 607,60–68 (2022)][ATLAS, Nature 607,60–68 (2022)]

●  Discovered Higgs boson is consistent with the prediction of the SM. 

SM prediction
SM prediction

→  This does not mean that Higgs sector of the SM is confirmed. 

<latexit sha1_base64="6DhyKCc9knSLrlVAkWN1dwYnaqY=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwITFRUTdCUQQ3QkXbBpoYJtNJO3TyYGYilJCfcOOvuHGhiFvBnX/jtM3CVg9cOJxzL/fe4yeMCmma31ppZnZufqG8WFlaXlld09c3miJOOSYNHLOY2z4ShNGINCSVjNgJJyj0GWn5/Yuh33ogXNA4upODhLgh6kY0oBhJJXn6ntNHSYI8+6zrZT3bzu8zh4fw0jby/Qnl9trIPb1qGuYI8C+xClIFBeqe/uV0YpyGJJKYISHalplIN0NcUsxIXnFSQRKE+6hL2opGKCTCzUZf5XBHKR0YxFxVJOFI/T2RoVCIQeirzhDJnpj2huJ/XjuVwamb0ShJJYnweFGQMihjOIwIdignWLKBIghzqm6FuIc4wlIFWVEhWNMv/yXNA8M6Ng5vjqq18yKOMtgC22AXWOAE1MAVqIMGwOARPINX8KY9aS/au/Yxbi1pxcwmmID2+QPaf56e</latexit>
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Extended Higgs sector
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●  Many models can take SM-like limit. 
<latexit sha1_base64="qo41jRkhoSS2mufPJK+J4hIWaOA="></latexit>
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X ⇠ 1

●  Mystery of extended Higgs sector 

-  Number of Higgs, its representation 

-  Symmetries  

-  Decoupling feature (Nondecoupling/decoupling) 

-  etc.  

Shape of the Higgs potential

Decoupling limit

<latexit sha1_base64="C6d4nDIPMj9bxmpUoOXWaAmLtk0=">AAACDHicbVBPS8MwHE3nvzn/TT16CQ5BEEZbRT0OvXgRJrg/sHYlTdMtLGlrkg5G2Qfw4lfx4kERr34Ab34bs60H3XwQeLz3fkl+z08Ylco0v43C0vLK6lpxvbSxubW9U97da8o4FZg0cMxi0faRJIxGpKGoYqSdCIK4z0jLH1xP/NaQCEnj6F6NEuJy1ItoSDFSWvLKFe5lTr1Px13bkZSTB3jbtU+gw/QVAfIoHHZtnTKr5hRwkVg5qYAcda/85QQxTjmJFGZIyo5lJsrNkFAUMzIuOakkCcID1CMdTSPEiXSz6TJjeKSVAIax0CdScKr+nsgQl3LEfZ3kSPXlvDcR//M6qQov3YxGSapIhGcPhSmDKoaTZmBABcGKjTRBWFD9V4j7SCCsdH8lXYI1v/IiadpV67x6endWqV3ldRTBATgEx8ACF6AGbkAdNAAGj+AZvII348l4Md6Nj1m0YOQz++APjM8fAVeaUA==</latexit>
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●  Relation between Higgs sector and BSM.

DM (WIMP, mediator, axion)

Baryogenesis (strong 1st OPT, CPV)

 masses (Type-II seesaw, radiative seesaw)<latexit sha1_base64="XG2+WwsPkyJuoNIYtSh59rF095A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1Wz+8vKrWbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBhf43f</latexit>⌫

Anomalies (muon g-2, B-physics, W mass, …)

<latexit sha1_base64="GA/pchHC25mCXoZbP1F96Z8fsso=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBZBKIRERT0WvXisaD+gCWWz3bRLN5uwuxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwpQzpV332yqtrK6tb5Q3K1vbO7t79v5BSyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6Hbqt5+oVCwRj3qc0iDGA8EiRrA2ku83hgzV0EPNcZyeXXUddwa0TLyCVKFAo2d/+f2EZDEVmnCsVNdzUx3kWGpGOJ1U/EzRFJMRHtCuoQLHVAX57OYJOjFKH0WJNCU0mqm/J3IcKzWOQ9MZYz1Ui95U/M/rZjq6DnIm0kxTQeaLoowjnaBpAKjPJCWajw3BRDJzKyJDLDHRJqaKCcFbfHmZtM4c79I5v7+o1m+KOMpwBMdwCh5cQR3uoAFNIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A1Amj+o=</latexit>
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<latexit sha1_base64="Knt6pH+L5UXGBPata5RYrmCMl24=">AAAB+nicbVDLTsMwEHR4lvJK4cjFokLiUEUJIOBY4NJjkehDakLluE5r1XYi2wFVoZ/ChQMIceVLuPE3uG0O0DLSSqOZXe3uhAmjSrvut7W0vLK6tl7YKG5ube/s2qW9popTiUkDxyyW7RApwqggDU01I+1EEsRDRlrh8Gbitx6IVDQWd3qUkICjvqARxUgbqWuXahUfXpmq3fsJrziO07XLruNOAReJl5MyyFHv2l9+L8YpJ0JjhpTqeG6igwxJTTEj46KfKpIgPER90jFUIE5UkE1PH8Mjo/RgFEtTQsOp+nsiQ1ypEQ9NJ0d6oOa9ifif10l1dBlkVCSpJgLPFkUpgzqGkxxgj0qCNRsZgrCk5laIB0girE1aRROCN//yImmeON65c3p7Vq5e53EUwAE4BMfAAxegCmqgDhoAg0fwDF7Bm/VkvVjv1sesdcnKZ/bBH1ifP9Snkcs=</latexit>

H, A, H
±
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<latexit sha1_base64="rs/UlFRcnxm5vIOyusX0uWSgqaA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1eJXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6r5/cXldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBPT43T</latexit>
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Extended Higgs sector

BSM phenomena

-  Relating with structure of Higgs sectors, decoupling features

Probe of Higgs sector is a key to purse NP beyond the SM
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In this talk, I will discuss how the model of the extension of the inert doublet 
model (IDM) can be probed. 

Inert scalars H±, H, A, a

DM searches EWPT, GWsCollider search
(mono h, h-coup)

-  Collider search surveys low mass region.
-  heavy mass regions can be surveyed by GWs etc. 
-  These searches are compatible.  

IDM: a simple extended Higgs sector with DM candidate.
IDM+a: characteristic mono Higgs signal appears.
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Inert doublet model + pseudo scalar (IDM+a) 
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●  Global symmetry: Z2 (unbroken)

●  The inert doublet field and inert singlet field are added. 

<latexit sha1_base64="5REhcpQsj0hyRnZmq0Y1mmE0qog="></latexit>
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◆

●  The lightest Z2 odd scalar can be the candidate of DM.  

:  Z2 even, trigger EWSB

:  Z2 odd, SU(2) doublet, new field

<latexit sha1_base64="kawrS2K1PPzQxStDiLMpbj4N/7c="></latexit>
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:  Z2 odd, SU(2) singlet, new field
<latexit sha1_base64="ZPp9GwD7PvdyciVMo0D3s8MVeEE=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9SQFLx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVml2OtFftlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt2Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhtZ8JlaTIFZsvClNJMCbT10lfaM5Qji2hTAt7K2FDqilDG1DRhuAtvrxMmtWKd1k5v78o127yOApwDCdwBh5cQQ3uoA4NYPAIz/AKb07svDjvzse8dcXJZ47gD5zPHzN+juE=</latexit>⌘2
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Inert scalars 

●  Scalar potential  
<latexit sha1_base64="H0jFsGg5Imzbab8XY90mpnluCcs="></latexit>
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●  Physical fields 

●  Mass spectrum  

IDM potential

New terms

Portal interaction

<latexit sha1_base64="ZKCFJSX8gNimqjLd4rkzxAxL9/M=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAguQklU1JVU3HRZwT6giWUymbRDJ5MwMxFKaFZu/BU3LhRx6y+482+cpllo64ELh3Punbn3eDElQlrWt7awuLS8slpaK69vbG5t6zu7LRElHOEmimjEOx4UmBKGm5JIijsxxzD0KG57w5uJ337AXJCI3clRjN0Q9hkJCIJSST39YGA6+Sspx/44zepmVr934tDMrs0Mjnt6xapaOYx5YhekAgo0evqX40coCTGTiEIhurYVSzeFXBJE8bjsJALHEA1hH3cVZTDEwk3zDcbGkVJ8I4i4KiaNXP09kcJQiFHoqc4QyoGY9Sbif143kcGlmxIWJxIzNP0oSKghI2MSiuETjpGkI0Ug4kTtaqAB5BBJFV1ZhWDPnjxPWidV+7x6entWqV0VcZTAPjgEx8AGF6AG6qABmgCBR/AMXsGb9qS9aO/ax7R1QStm9sAfaJ8/8vqZWg==</latexit>
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We assume that . ma < mH±,H,A

a is DM candidate.

<latexit sha1_base64="prmH6sEThrDwOpYCvzPRx5IIMz8="></latexit>

( ! H ± = ! 3, ! H,A = ! 3 + ! 4 ± ! 5 )
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●  Input parameters (10)
<latexit sha1_base64="qczx1ddyMWzEjcpY0pZxwWetq7w="></latexit>

{ µ2
2, ma, mA , mH , mH ± , ! , " 2, " ! , " ! 1, " ! 2}

●  Relevant scalar couplings for collider and DM analysis

We can take IDM limit  by  and  .θ → 0 λη1 → 0

<latexit sha1_base64="2ycrrKah5ye+JX2mwqJrFFTFDQw="></latexit>
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<latexit sha1_base64="W6xIp7U8ww96N4ZTrc3luyk5tEo="></latexit>

! hAa = !
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v
(! 2µ2
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A ! v2! 1" )  h production from A decay  

 Maximized at  θ = π/4

<latexit sha1_base64="8oFw8jEoxQ3EN6OgISMMIUqGLbs=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCG0sS8bIU3bisYFuhScNkOrGDM0mYORFKyJO48VXcuFBEcKVv46TtQlsPDPx8/zmcOX+YCq7Btr+tufmFxaXlykp1dW19Y7O2td3WSaYoa9FEJOo2JJoJHrMWcBDsNlWMyFCwTnh/WfqdB6Y0T+IbGKbMl+Qu5hGnBAwKasceDBgQT3PpRYrQ/NCTWZA7rmcoLvBDkZfA7bkjo6Q9twhqdbthjwrPCmci6mhSzaD26fUTmkkWAxVE665jp+DnRAGnghVVL9MsJfSe3LGukTGRTPv56LwC7xvSx1GizIsBj+jviZxIrYcyNJ2SwEBPeyX8z+tmEJ35OY/TDFhMx4uiTGBIcJkV7nPFKIihEYQqbv6K6YCYlMAkWjUhONMnz4q223BOGkfXdv38YhJHBe2iPXSAHHSKztEVaqIWougRPaNX9GY9WS/Wu/Uxbp2zJjM76E9ZXz8zVaKA</latexit>
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DM constraints

10

●  Basically, there are two parameter regions 

(I): ,   (II): ma ∼ mh/2 v ≲ ma

v ≲ ma

[(EX.) for IDM JCAP06(2014)030.]

●  We focus on the Higgs resonance region.

-   is possible —> mono h signalA → ah

-  the invariant mass is fixed as  .μ2 ∼ mh/2

-  Inert scalars can not be decoupled.
<latexit sha1_base64="upmBVQMdZMdkHOMUKLVnkwfu0WE=">AAACHXicbVDNS8MwHE39nPOr6tFLcCiCMNo61Isy8OJxgvuAdStplm5hSVuSdDBK/xEv/itePCjiwYv435htPejmg8DjvfdL8nt+zKhUlvVtLC2vrK6tFzaKm1vbO7vm3n5DRonApI4jFomWjyRhNCR1RRUjrVgQxH1Gmv7wduI3R0RIGoUPahyTDkf9kAYUI6Ulz6zwruOlbm1As5Nrlyee03XO3EAgnNpZ6mQu03f1UB6Bo64DXdczS1bZmgIuEjsnJZCj5pmfbi/CCSehwgxJ2batWHVSJBTFjGRFN5EkRniI+qStaYg4kZ10ul0Gj7XSg0Ek9AkVnKq/J1LEpRxzXyc5UgM5703E/7x2ooKrTkrDOFEkxLOHgoRBFcFJVbBHBcGKjTVBWFD9V4gHSFejdKFFXYI9v/IiaThl+6J8fl8pVW/yOgrgEByBU2CDS1AFd6AG6gCDR/AMXsGb8WS8GO/Gxyy6ZOQzB+APjK8fHcChTw==</latexit>
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●  Annihilation process of DM
<latexit sha1_base64="YNz1QCANjRQBhTK16eYvQ4WDsOo="></latexit>
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a

X

X
<latexit sha1_base64="1MJ7AnCmxplpO3adoCt8i7TnU60="></latexit>

H ± (H )

a

a

W (Z )

W ! (Z ! )
<latexit sha1_base64="ab4r48esvaNXHL3LzyYewxm0Z5c="></latexit>

a

a

W ! (Z ! )

W (Z )

<latexit sha1_base64="o6xU49gETQ504PKGClQspYEsrPg=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZJUarqRghuXFewD2lBuJpN26OThzKRQQr/DjQtF3Pox7vwbpw9BRQ8MHM45l3vn+ClnUlnWh1FYW9/Y3Cpul3Z29/YPyodHbZlkgtAWSXgiuj5IyllMW4opTrupoBD5nHb88fXc70yokCyJ79Q0pV4Ew5iFjIDSktfnOhrAIB8BzAblimVadcdxXGyZdtV1LVsT165W6zVsm9YCFbRCc1B+7wcJySIaK8JByp5tpcrLQShGOJ2V+pmkKZAxDGlP0xgiKr18cfQMn2klwGEi9IsVXqjfJ3KIpJxGvk5GoEbytzcX//J6mQpdL2dxmikak+WiMONYJXjeAA6YoETxqSZABNO3YjICAUTpnkq6hK+f4v9J2zHtmlm9vag0rlZ1FNEJOkXnyEaXqIFuUBO1EEH36AE9oWdjYjwaL8brMlowVjPH6AeMt09pGJKI</latexit>

! haa

<latexit sha1_base64="yYtKAQ9AKY0nNYiKGujvjbOTafw=">AAAB8XicdVDJSgNBEO2JW4xb1KOXxiB4GnqSmOUiAS8eI5gFMyH0dDpJk56eobtGCCF/4cWDIl79G2/+jZ1FUNEHBY/3qqiqF8RSGCDkw0mtrW9sbqW3Mzu7e/sH2cOjpokSzXiDRTLS7YAaLoXiDRAgeTvWnIaB5K1gfDX3W/dcGxGpW5jEvBvSoRIDwShY6c5nkfFhxIH2sjniVkrFPCGYuF7+opCvWkLK1VLZw55LFsihFeq97Lvfj1gScgVMUmM6HomhO6UaBJN8lvETw2PKxnTIO5YqGnLTnS4unuEzq/TxINK2FOCF+n1iSkNjJmFgO0MKI/Pbm4t/eZ0EBpXuVKg4Aa7YctEgkRgiPH8f94XmDOTEEsq0sLdiNqKaMrAhZWwIX5/i/0kz73olt3BTzNUuV3Gk0Qk6RefIQ2VUQ9eojhqIIYUe0BN6dozz6Lw4r8vWlLOaOUY/4Lx9AiVWkT0=</latexit>

cos!

<latexit sha1_base64="rzpN4rhUQvKNUZBoeqgibONO8II="></latexit>

!
! haa

4m2
a " m2

h

<latexit sha1_base64="4UZRdvthN1dN7IjXRVPTLcIaZG8="></latexit>

!
sin2 !

t " m2
h

<latexit sha1_base64="cymKe5TkLF4PZks11al5XYCf2Lo=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZmxtrqRghuXFawVOrVk0tQGM5khuSOWob/ixoUibv0Rd/6N6UNQ0QP3cjjnXnJzolQKA4R8OHPzC4tLy4WV4ura+samu1W6NEmmGW+yRCb6KqKGS6F4EwRIfpVqTuNI8lZ0ezr2W3dcG5GoCximvBPTGyX6glGwUtcthUbEuW3qOghhwIGOum6ZeEfVSkAIJp4fHB4Ex5aQ2nG15mPfIxOU0QyNrvse9hKWxVwBk9SYtk9S6ORUg2CSj4phZnhK2S294W1LFY256eST20d4zyo93E+0LQV4on7fyGlszDCO7GRMYWB+e2PxL6+dQf+okwuVZsAVmz7UzySGBI+DwD2hOQM5tIQyLeytmA2opgxsXEUbwtdP8f/kMvD8qndwXinXT2ZxFNAO2kX7yEc1VEdnqIGaiKF79ICe0LMzch6dF+d1OjrnzHa20Q84b5/JBJTw</latexit>

! sin2 !

-   is governed by  and  .σ(aa → XX) λhaa θ

-   is limited by the constraint of the relic abundance.λhaa

-  The s-ch process is dominant process. 

-  Main annihilate ch. depends on size of . λhaa

<latexit sha1_base64="uE/LW/PK2h0Ymwz6NML01cRFsog="></latexit>

! haa /v ! O(10! 2) : " (aa ! W W " ) < " (aa ! bb)

<latexit sha1_base64="7gwKBUBAlYZCOYCUB6lbAXYZLU4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomCepKiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/aZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVYu6m65epvHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/j62Mxg==</latexit>>
<latexit sha1_base64="7gwKBUBAlYZCOYCUB6lbAXYZLU4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomCepKiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/aZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVYu6m65epvHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/j62Mxg==</latexit>>
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●  Spin independent cross sections

- It is controlled by only .λhaa

<latexit sha1_base64="QqN4PLRra/4H3Ux6vFvzLD/aLPE=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEQSiJFnUjFNy4kgr2Ak0Ik+mkHTozCTMToYQu3Pgqblwo4taHcOfbOGmz0NYfBj7+cw5nzh8mjCrtON/W0vLK6tp6aaO8ubW9s2vv7bdVnEpMWjhmseyGSBFGBWlpqhnpJpIgHjLSCUfXeb3zQKSisbjX44T4HA0EjShG2liBXfF4euVFEuGMB7eQB2iSw0kOgV11as5UcBHcAqqgUDOwv7x+jFNOhMYMKdVznUT7GZKaYkYmZS9VJEF4hAakZ1AgTpSfTY+YwCPj9GEUS/OEhlP390SGuFJjHppOjvRQzddy879aL9XRpZ9RkaSaCDxbFKUM6hjmicA+lQRrNjaAsKTmrxAPkUlEm9zKJgR3/uRFaJ/W3PPa2V292qgXcZRABRyCY+CCC9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6x1ySpmDsAfWZ8/cvKX7w==</latexit>

µ =
mN ma

mN + ma

- It gives upper bonds for .λhaa
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●  Numerical results

!"#$# %&

!"#$# '&
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!#

$"

" # �� 0,+0 123 4 " # # �� " $ �� / &234 ��, �� *+*%
<latexit sha1_base64="kFju4mPwXQ9M8AIsQ/XazeVngkA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9iD7ulyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNj91is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4JsyYTFJLJVksilOOrEKzv9GAaUosnziCiWbuVkRGWGNiXTolF0Kw/PIqaV1Ug6vq5X2tUq/lcRThBE7hHAK4hjrcQQOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB0IUjb8=</latexit>ma

<latexit sha1_base64="kFju4mPwXQ9M8AIsQ/XazeVngkA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9iD7ulyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNj91is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4JsyYTFJLJVksilOOrEKzv9GAaUosnziCiWbuVkRGWGNiXTolF0Kw/PIqaV1Ug6vq5X2tUq/lcRThBE7hHAK4hjrcQQOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB0IUjb8=</latexit>ma

-  grows by decreasing  . If ,d observed  relic density is obtained.Ωh2 λhaa λhaa/v ∼ 10−3

- There is a slight influence of .  should be larger than the case of .θ λhaa θ = 0

: our benchmark

-  is chosen for collider search.  The BP is explored by LZ. θ = π/4

[Adhikary, Aakvaag, Fomin, Sakurai, KS]
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Electroweak phase transition

14

!"#$%&'()*"'(+&,,

-(*./01*2#&*"(,,34%&*&56&),3()7*

!6'()8*9 ,6*:';&'*"#$,&*2'$),363()*<9,6*:/2=

 Sakharov’s conditions

B violation

C and CP violation

Out of equilibrium

A condition to occur 1st OPT: >𝜑𝑐 𝑇𝑐 > 1

!"#$"$%&'()$*"+&,&'$-$,".+&/$"01(/1 

2".&-(.34""-1$"/5)*(-(5)"()"56,"'5*$78

*2&?"&'$6@'&*$6*A#3+#*6A(*?3)3?$*;&8&)&'$6&𝑇𝑐:
*)()B&'(*?3)3?@?*$6* * 𝜑𝑐: 𝑇 = 𝑇𝑐

𝑉𝑒𝑓𝑓

C'(D&)*"#$,&!E??&6'3+*"#$,&

𝜑

𝑇
>

𝑇 𝑐
𝑇

=
𝑇 𝑐

𝑇
<

𝑇 𝑐

𝜑c

*$);* *$'&*+$%+@%$6&;*4E*&FF&+63G&*"(6&)63$%

$6*F3)36&*6&?"&'$6@'&
𝑇𝑐  𝜑𝑐

 We aim to realize the electroweak baryogenesis.

2#&*?(;&%*HIJ*K*$

HIJ*KLIK$HIJ*K.L!K$M
[(c.f.) B. Grzadkowski, O.M. Ogreid, P. Osland, A. Pukhov, M. Purmohammadi(2010)]
[(c.f.) C. Bonilla, D. Sokolowska, N. Darvishi, J.L. Diaz-Cruz, M. Krawczyk (2014)]
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Effective potential [1/2]

15

V(φ, T ) = V0(φ) + Vcw(φ) + VT(φ, T ) + V ring(φ, T )

●  Zero temperature effective potential V0, VCW

Counter terms renormalization  scale

<latexit sha1_base64="aeLb1mRBmMEOnxPk2BhWgsXzbyE=">AAACKHicbVDLSgMxFM3UV62vUZdugkURxDJTi3YjFt24rGAf0GlLJs10QjMPkkyhDPM5bvwVNyKKdOuXmGkr2NYD93I4516Se+yQUSENY6xlVlbX1jeym7mt7Z3dPX3/oC6CiGNSwwELeNNGgjDqk5qkkpFmyAnybEYa9uA+9RtDwgUN/Cc5CknbQ32fOhQjqaSufgthvRMbyenNheVwhGOv63aKSVxKrCHioUs7xfM5ozxU/dcr5bp63igYE8BlYs5IHsxQ7ervVi/AkUd8iRkSomUaoWzHiEuKGUlyViRIiPAA9UlLUR95RLTjyaEJPFFKDzoBV+VLOFH/bsTIE2Lk2WrSQ9IVi14q/ue1IumU2zH1w0gSH08fciIGZQDT1GCPcoIlGymCMKfqrxC7SMUiVbZpCObiycukXiyYV4XLx1K+cjeLIwuOwDE4Aya4BhXwAKqgBjB4Bq/gA3xqL9qb9qWNp6MZbbZzCOagff8Anq6lwg==</latexit>

V 0 = !
m2

h

4
! 2 +

m2
h

8v2 ! 4

-  CT appears from the shift of . → There are two unknown parameters.V0

-  They are determined by reno. conditions. We follow [J. M. Cline, P.-A. Lemieux, 1996] 

Tree level CW potential Resummed thermal 
corrections to masses

Thermal corrections
to the potential
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Renormalization conditions

16

 and  are determined in the way that the definitions of  and  at tree-level are maintained. A Q2 v mh

<latexit sha1_base64="lKAuZtaA5Dg3tpXKxhYyOY7I30k="></latexit>

logQ2 =

!
i ni

"
! øm 2

i ( " )
!"

#
#
#
" = v

$ 2

log øm2
i (v) + 2

3

!
gauge nV

"
! øm 2

i ( " )
!"

#
#
#
" = v

$ 2

!
i ni

"
! øm 2

i ( " )
!"

#
#
#
" = v

$ 2 ,

A = !
1

32! 2v

%

i

ni øm2
i (v)

&
" øm2

i (#)
"#

#
#
#
#
" = v

' (
log

øm2
i (v)
Q2 ! ci +

1
2

)
.

-   contains IR divergence, which comes from NG boson contributions.log Q2

The origin of IR div. : In the effective potential method, the correction is evaluated at  .ph = 0

 G0,±

 h h

<latexit sha1_base64="oLm2SSb13MgY/7ivsDIL7il1NoA="></latexit>

!
!

dx log(m2
G0, ± " x(1 " x)p2

h )
<latexit sha1_base64="nH2ttxl9Fxg4aQoShxUl6neevpA="></latexit>

m2
G0, ± !

!
dx(m2

G0, ± " x(1 " x)m2
h ))

IR div. converges by external mom.
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Effective potential[2/2]

17

●  Finite temperature effective potential: VT, V ring

<latexit sha1_base64="wD9929Snaw4tdl/HQsc9PzoFrUU="></latexit>

V T
B (n) = !

! 2T4

90
+

øm(" )2T2

24
!

øm(" )3T
12!

!
øm(" )4

64! 2

!
log

!
øm(" )2

T2

"
! cb

"
+ ...

V T
F (n) = !

7! 2T4

720
+

øm(" )2T2

48
+

øm(" )4

64! 2

!
log

!
øm(" )2

T2

"
! cf

"
+ ...

-  In high-temperature expansion,  is given byVT(φ, T )

V(φ, T ) = V0(φ) + Vcw(φ) + VT(φ, T ) + V ring(φ, T )

<latexit sha1_base64="fr4mbn+inw4TpcLg3dCpJMmjgvI="></latexit>

V (! , T) M ! T! D (T2 " T2
0 )! 2 " ET ! 3 +

" T

4
! 4

-  The third term of the boson loop contributes to the coefficient E.  Inert scalars can enhance E.
<latexit sha1_base64="j6WV3GKKJhzTry8gFwZDeYg6Y08=">AAACHHicbVDLSgMxFM3UV62vUZduBotQN2WmBXUjFEVwWaEv6AxDJs20oZkHSaZQQj7Ejb/ixoUiblwI/o1pOwttPXDhcM69yb0nSCnhwra/jcLa+sbmVnG7tLO7t39gHh51eJIxhNsooQnrBZBjSmLcFkRQ3EsZhlFAcTcY38787gQzTpK4JaYp9iI4jElIEBRa8s26GzKIpDuBLB0RXyKlZMtH6nqh1+6UdKl+bgB92VIVbZ0r3yzbVXsOa5U4OSmDHE3f/HQHCcoiHAtEIed9x06FJyETBFGsSm7GcQrRGA5xX9MYRph7cn6css60MrDChOmKhTVXf09IGHE+jQLdGUEx4sveTPzP62civPIkidNM4BgtPgozaonEmiVlDQjDSNCpJhAxone10AjqVITOs6RDcJZPXiWdWtW5qNYf7HLjJo+jCE7AKagAB1yCBrgHTdAGCDyCZ/AK3own48V4Nz4WrQUjnzkGf2B8/QBPZaK2</latexit>

! c

Tc
=

2E
" T (Tc)

-  We include  by Parwani methodV ring

<latexit sha1_base64="qiu6ILpQKHga21Mnl0eN5YsUbgk="></latexit>

V ring( ! ,T) = ! V cw (! ; øm) ! V T (! , T ; øm) + V cw (! ; M ) + V T (! , T ; M )

[R. Parwani, Phys. Rev. D 45, 4695 (1992)]

<latexit sha1_base64="F1f3FJLYrsu/Hv6JElTwNQMM/eQ=">AAACAnicbVDLSgMxFM34rPU16krcBIvQIpQZBXUjFN24ESr0BZ2hZNJMG5pkhiRTKENx46+4caGIW7/CnX9j2s5CWw9cOJxzL/feE8SMKu0439bS8srq2npuI7+5tb2za+/tN1SUSEzqOGKRbAVIEUYFqWuqGWnFkiAeMNIMBrcTvzkkUtFI1PQoJj5HPUFDipE2Usc+vL/2AiRTPi56QyTjPi2delVarJU6dsEpO1PAReJmpAAyVDv2l9eNcMKJ0JghpdquE2s/RVJTzMg47yWKxAgPUI+0DRWIE+Wn0xfG8MQoXRhG0pTQcKr+nkgRV2rEA9PJke6reW8i/ue1Ex1e+SkVcaKJwLNFYcKgjuAkD9ilkmDNRoYgLKm5FeI+kghrk1rehODOv7xIGmdl96J8/uAUKjdZHDlwBI5BEbjgElTAHaiCOsDgETyDV/BmPVkv1rv1MWtdsrKZA/AH1ucPnSWWRQ==</latexit>

M = øm(! ) + ! (T)  thermal mass Π(T ) :
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Results
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100%

80%

60%

20%

10%

!" hhh/" hhh =
SM

# c/Tc<1

# c/Tc>1

[Adhikary, Aakvaag, Fomin, Sakurai, KS]

<latexit sha1_base64="vseMjFyKnkgmpI0egBQRFt/ilT8="></latexit>

! T !
m2

h

2v2 (1 "
1

18" 2v2m2
h

{ 6m4
W log

m2
W

T2 } + ...)

<latexit sha1_base64="j6WV3GKKJhzTry8gFwZDeYg6Y08=">AAACHHicbVDLSgMxFM3UV62vUZduBotQN2WmBXUjFEVwWaEv6AxDJs20oZkHSaZQQj7Ejb/ixoUiblwI/o1pOwttPXDhcM69yb0nSCnhwra/jcLa+sbmVnG7tLO7t39gHh51eJIxhNsooQnrBZBjSmLcFkRQ3EsZhlFAcTcY38787gQzTpK4JaYp9iI4jElIEBRa8s26GzKIpDuBLB0RXyKlZMtH6nqh1+6UdKl+bgB92VIVbZ0r3yzbVXsOa5U4OSmDHE3f/HQHCcoiHAtEIed9x06FJyETBFGsSm7GcQrRGA5xX9MYRph7cn6css60MrDChOmKhTVXf09IGHE+jQLdGUEx4sveTPzP62civPIkidNM4BgtPgozaonEmiVlDQjDSNCpJhAxone10AjqVITOs6RDcJZPXiWdWtW5qNYf7HLjJo+jCE7AKagAB1yCBrgHTdAGCDyCZ/AK3own48V4Nz4WrQUjnzkGf2B8/QBPZaK2</latexit>

! c

Tc
=

2E
" T (Tc)

-  Non-decoupling effects of inert scalars are required.  Our BP naturally realizes it. 

-  The hhh coupling also deviates when . The deviation may be detected if .φc /Tc > 1 mΦ ≳ 400GeV

<latexit sha1_base64="PHiewITxmjVFf2s37zIAo4ncujg="></latexit>

! hhh ! ! SM
hhh

! SM
hhh

"
3m2

h

v

!

1 !
1

16" 2 cs
4
3

m4
!

m2
h v2

"
1 !

µ2
2

m2
!

# 3
$

<latexit sha1_base64="XBu2QRED8F25/cHcaHJGleEZqUA="></latexit>

µ2 = 84.38 GeV, ma = 62.6GeV, ! = " / 4, mA = mH ±

[c.f., HL-LHC 50%, 1905.03764]
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Deviation in h → γγ

19
9)&74.(."53"-1$":#."1&.";$$)" 


B: !GeV

[(c.f. IDM),S. Kanemura, M. Kikuchi, K. Sakurai, 1605.08520] 

Δ𝜅𝛾 ≡
ΓIDM

h→𝛾𝛾

ΓSM
h→𝛾!𝛾!

− 1
#$"/5).(*$,"&")5)<*$/56+7()="/&.$"> ?8

" "/&)"*$@(&-$"3,5'"-1$"AB8"

μ2 ∼ 83GeV
h → γγ

An accuracy of 1.6%
 by HL-LHC <latexit sha1_base64="SsivzVpX/LL8TIVvwtUVe9ZkA1s=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0VH7eAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSfdgrld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xrioX9cty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AM3gjOs=</latexit>

h

<latexit sha1_base64="ghCNl0dlrPwdjqu6MnlVweO6yYQ=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwqRNNd0V3HRZwbSFNpbJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Hrud+6pVCwRt3qa0iDGI8EiRrA2kt+866fxoFRGdr2OXNeDyK6hSsWtGYKqFc9zoGOjBcpghdag9N4fJiSLqdCEY6V6Dkp1kGOpGeF0VuxniqaYTPCI9gwVOKYqyBfHzuC5UYYwSqQpoeFC/T6R41ipaRyazhjrsfrtzcW/vF6mIy/ImUgzTQVZLooyDnUC55/DIZOUaD41BBPJzK2QjLHERJt8iiaEr0/h/6RdsZ1Lu3rjlhv1VRwFcArOwAVwwBVogCZoAR8QwMADeALPlrAerRfrddm6Zq1mTsAPWG+fCPCO1A==</latexit>

H ±

<latexit sha1_base64="9QaRWK2qJFvGvveGv092oAa2Q4g=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMqLreAF48RzALJEHo6PUmbXobuHiEM+QcvHhTx6v9482/sJHPQxAcFj/eqqKoXJZwZ6/vfXmFldW19o7hZ2tre2d0r7x80jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7A6wELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqvn9xeV2k0eRxGO4BhOIYArqMEd1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AIbSjxQ=</latexit>!

<latexit sha1_base64="9QaRWK2qJFvGvveGv092oAa2Q4g=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMqLreAF48RzALJEHo6PUmbXobuHiEM+QcvHhTx6v9482/sJHPQxAcFj/eqqKoXJZwZ6/vfXmFldW19o7hZ2tre2d0r7x80jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U7A6wELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqvn9xeV2k0eRxGO4BhOIYArqMEd1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AIbSjxQ=</latexit>!

-  Due to the LEPII bound ,  contributions do not vanish. also non-decoupling.mH± ≳ 90 GeV H±

-  In the case of , the model predicts always -1 ~ -5% deviation.ma ∼ 63 GeV

<latexit sha1_base64="jLG15X6vxAp/Se7TPAH1zomx7XY="></latexit>
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Can GW probe the model ?

20
9)&74.(."53"-1$":#."1&.";$$)" 


C.- "DEF"/&)"5//6,"(3" 

!":,&@(-&-(5)&7"0&@$.">:#.?" 

"""""5,(=()&-$*"G#EF"/&)"5//6,8"

mΦ ≳ 400GeV

!"#$%&&#"'(&)(*"#+!#
,-".*/)0#%1#2)/#023"&4

[K. Hashino, M. Kakizaki, S. Kanemura, T. 
Matsui, Phys.Rev. D94 (2016), 015005]
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Collider analysis: mono Higgs search

21
9)&74.(."53"-1$":#."1&.";$$)" 


P #$"/5).(*$," pp → aAjj → aahjj

→  No current search for mono-h in the VBF search. 

<latexit sha1_base64="W6xIp7U8ww96N4ZTrc3luyk5tEo="></latexit>

! hAa = !
s! c!

v
(! 2µ2

2 + m2
a + m2

A ! v2! 1" )

P B5)5<1".$&,/1"-1,56=1".</1"+,5/$.."$%(.-.8"Q6-")5".$).(-(@(-4"35,"INB"R&8
[ATLAS-CONF-2021-006]
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P QE"./$)&,(5

P O,5..".$/-(5).">'5)5<1L"+&(,"+,5*6/-(5).?

<latexit sha1_base64="/voMT7TLPYejTV+Y0q/jzONSML4="></latexit>

mA = [200, 1000] GeV, mH = mH ± = mA + 100GeV , ma = 62.6GeV,

! = " / 4, µ2 = 100.727GeV, #! = #1! = #2! = #2 = 0 .1
<latexit sha1_base64="/x5FqWEFD4eW84d2HAO8HMoECCI="></latexit>

! hAa (= !
s! c!

v
[! 2µ2

2 + m2
a + m2

A ! v2! 1" ]) (."'&%('(S$*8
<latexit sha1_base64="W7aaplc1+nCeLlMneKs3kW9WUAc=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBg5REQb0oVS8eq9gPaEPYbDft0s0m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYWFpeWV1YLa8X1jc2tkr2901BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLgZ+81HKhWLxYMeJtSLcE+wkBGsjeTbpet7P7vq6Bj18ejCPfLtslNxJkDzxM1JGXLUfPur041JGlGhCcdKtV0n0V6GpWaE01GxkyqaYDLAPdo2VOCIKi+bHD5CB0bpojCWpoRGE/X3RIYjpYZRYDojrPtq1huL/3ntVIfnXsZEkmoqyHRRmHJk/hyngLpMUqL50BBMJDO3ItLHEhNtsiqaENzZl+dJ47jinlZO7pxy9TKPowB7sA+H4MIZVOEWalAHAik8wyu8WU/Wi/VufUxbF6x8Zhf+wPr8AUsSki8=</latexit>

BR A ! ha = 1 ,

<latexit sha1_base64="J5+y1bOka/e+Esd6JcnVKV9d1BM=">AAACDXicbVDLSgMxFM3UV62vUZduglVoN2VGQV2IVNy4rGAf0BlKJs1M0yYzIckIpfQH3Pgrblwo4ta9O//GtJ2Fth4IHM65l5tzAsGo0o7zbeWWlldW1/LrhY3Nre0de3evoZJUYlLHCUtkK0CKMBqTuqaakZaQBPGAkWYwuJn4zQciFU3iez0UxOcoimlIMdJG6thHnqIRR6Uo8nQC0XX5EmaKEDOl3y937KJTcaaAi8TNSBFkqHXsL6+b4JSTWGOGlGq7jtD+CElNMSPjgpcqIhAeoIi0DY0RJ8ofTdOM4bFRujBMpHmxhlP198YIcaWGPDCTHOmemvcm4n9eO9XhhT+isUg1ifHsUJgyaGJOqoFdKgnWbGgIwpKav0LcQxJhbQosmBLc+ciLpHFScc8qp3dOsXqV1ZEHB+AQlIALzkEV3IIaqAMMHsEzeAVv1pP1Yr1bH7PRnJXt7IM/sD5/AFR7mm8=</latexit>

! (gg ! aA) < ! (pp ! aAjj )
#$"/1$/M$*"-1&-"-1(.".&-(.3($."-1$"
;56)*"5)"$7$/,50$&M()5".$&,/1

[CMS PAS SUS-21-008]
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PO577(*$,".('67&-(5)"(."+$,35,'$*";4"B&*=,&+1L"E4-1(&L"N$7+1$.

<"A(=)&7"+,5/$.."T" L"pp → aAjj → aahjj h → bb

<"U()&7".&-$."T"V";<W$-.R"V"35,0&,*"7(=1-"W$-."R"GF

<"Q&/M=,56)*."T" L""XON" L" L" .L".()=7$"tt̄ 2b + 2j + 2ν Vh + jets tt̄X + jet t
(V = W, Z) (X = h /W/Z)

98"V;<W$-.> ?"0(-1" "&)*"Nb = 2 pT > 30 GeV ! η ! < 4.0

<"Y()$'&-(/&7"/6-

Q8"Z"7$+-5)."0(-1" "&)*"pT > 20 GeV ! η ! < 4.0
O8"9-"7$&.-"V"7(=1-<W$-."> ?"0(-1" "&)*"Nj ≥ 2 pT > 30 GeV ! η ! < 4.0
N8"F05"35,0&,*"7(=1-"W$-.T" "L"W$-."&,$""5,*$,$*8"ηj1 * ηj2 < 0 pT

G8:$)$,&-(5)"7$@$7"/6-.T"" "&)*" 8"ET ≥ 50GeV mjj > 400GeV

<"F&==()="$33(/($)/($." [1907.05120]

b-tag efficiency : 77% c mistag : 20.4% light jet mistag : 0.9%
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Collider analysis: distribution

24

We examined distributions for kinetic variables. 

To optimize event selections
we will apply BDT algorithm
and perform collider simulation 
to study the explored region at 
LHC Run 3 and HL-LHC.

[Adhikary, Aakvaag, Fomin, Sakurai, KS]
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Summary

25

P#$".-6*($*"-$.-&;(7(-4"53"-1$"'5*$7"INB"R&8"

P#$"/5).(*$,""-1$"./$)&,(5"0(-1" 8ma ∼ 63GeV

PF1$"'5)5<1".(=)&7"()"[QU"/1&))$7L" "
/&)"+,5;$"-1$"'5*$78"

pp → aAjj → aahjj

PN$@(&-(5)."()"1</56+7()=."&)*":#."/&)";$"5-1$,"+,5;$."-1$"'5*$78



Back up
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DM constraint for IDM

27

 IDM JCAP06(2014)030.]
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Field dependent mass

28
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Collider limit on IDM +a

31
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Feynman diagrams for pair production

32

<latexit sha1_base64="SMNbK/WrrMnjKHG9eSTftt0Vakw=">AAACCXicbVDLTgIxFO3gC/E16tJNIzFxYcgMJOoGg3HDEhN5JIDkTulAQzszaTsmZMLWjb/ixoXGuPUP3Pk3doCFgidp78k596a9x4s4U9pxvq3Myura+kZ2M7e1vbO7Z+8fNFQYS0LrJOShbHmgKGcBrWumOW1FkoLwOG16o5vUbz5QqVgY3OlxRLsCBgHzGQFtpJ6Nh/edSJSr6X3WwcNiuZqWUvnaFIAy9Oy8U3CmwMvEnZM8mqPWs786/ZDEggaacFCq7TqR7iYgNSOcTnKdWNEIyAgGtG1oAIKqbjLdZIJPjNLHfijNCTSeqr8nEhBKjYVnOgXooVr0UvE/rx1r/7KbsCCKNQ3I7CE/5liHOI0F95mkRPOxIUAkM3/FZAgSiDbh5UwI7uLKy6RRLLjnhdKtk69czePIoiN0jE6Riy5QBVVRDdURQY/oGb2iN+vJerHerY9Za8aazxyiP7A+fwBtfJeW</latexit>

h± = H ± , h2 = H, h3 = A, aa = a
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Feynman diagrams for mono-h

33

●  VBF ●  gluon fustion

<latexit sha1_base64="SMNbK/WrrMnjKHG9eSTftt0Vakw=">AAACCXicbVDLTgIxFO3gC/E16tJNIzFxYcgMJOoGg3HDEhN5JIDkTulAQzszaTsmZMLWjb/ixoXGuPUP3Pk3doCFgidp78k596a9x4s4U9pxvq3Myura+kZ2M7e1vbO7Z+8fNFQYS0LrJOShbHmgKGcBrWumOW1FkoLwOG16o5vUbz5QqVgY3OlxRLsCBgHzGQFtpJ6Nh/edSJSr6X3WwcNiuZqWUvnaFIAy9Oy8U3CmwMvEnZM8mqPWs786/ZDEggaacFCq7TqR7iYgNSOcTnKdWNEIyAgGtG1oAIKqbjLdZIJPjNLHfijNCTSeqr8nEhBKjYVnOgXooVr0UvE/rx1r/7KbsCCKNQ3I7CE/5liHOI0F95mkRPOxIUAkM3/FZAgSiDbh5UwI7uLKy6RRLLjnhdKtk69czePIoiN0jE6Riy5QBVVRDdURQY/oGb2iN+vJerHerY9Za8aazxyiP7A+fwBtfJeW</latexit>

h± = H ± , h2 = H, h3 = A, aa = a
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Field dependent mass

34


