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SM+Real Triplet
• SM with a Y=0 real SU(2) triplet


• EWSB condition:


• Particle spectrum:


•      term causes the mixing between doublet and triplet


• Triplets do not couple to fermions: as no SU(2) gauge invariant vertex is possible.  
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Inert Triplet
• If the triplet field is odd under     then potential takes a form 


• Triplet does not get vev and neutral component      can become lightest inert particle (ITP) 
and a candidate dark matter.


• In this case triplet and doublet does not mix at all.


• Both             are pure triplets and do not couple to fermions directly


•    does not couple to Z boson also


• There is no tree-level mass splitting between


• At  one-loop the mass splitting is 
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Constraints from DM relic
• The dominating annihilation channel for 


• The sub-dominant co-annihilation is 


• The DM relic satisfies at 


• This gives strict lower bound of 1176 GeV


 on the DM mass


DM Relic 
satisfies

P. Bandyopadhyay, S. Jangid, Eur.Phys.J.C 80 (2020) 8, 715



Charged Higgs Phenomenology
• The charged Higgs cannot directly decay to


• However, having SU(2) charged it couples to       boson


• Due to less mass gap, it has three body decays: 


• This leads to displaced rest mass decay length of the order of meter  


• The searches in LHC and other collider may depend on the details below


• The relevant production modes can be 

⌧, ⌫ or t, ⌧
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Displaced mono-lepton plus missing energy
• Due to TeV scale mass and purely electroweak processes, the cross-

sections are small


• One can only expect healthy numbers at 100 TeV collider


• A demand of 


 with a displaced charged lepton can probe such scenario with early data at 
the LHC/FCC at 100 TeV


• The addition of scalar also enhances the vacuum stability 


• Bounds can come from perturbativity  

n` � 1 + 1mm  d  10m
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Complex Y=0 Triplet

• The scalar potential is given by


• The EWSB conditions: 

Symmetric Z3
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<latexit sha1_base64="HMfr/LPTm2TgOdnS9fG9kiDX+Vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDbbSbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCt1ekzYLaj75YpX9eZwV4mfkwrkaPTLX71BTFOB0lBOtO76XmKCjCjDKMdpqZdqTAgdkyF2LZVEoA6y+b1T98wqAzeKlS1p3Ln6eyIjQuuJCG2nIGakl72Z+J/XTU10HWRMJqlBSReLopS7JnZnz7sDppAaPrGEUMXsrS4dEUWosRGVbAj+8surpFWr+hfV2v1lpX6Tx1GEEziFc/DhCupwBw1oAgUOz/AKb86j8+K8Ox+L1oKTzxzDHzifP0N5kB0=</latexit>
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Complex Y=0 Triplet: Pseudoscalar
• Unlike real Y=0 triplet, it has  a pseudosclar


• The Physical pseudo scalar is pure triplet 


• The mass of the pseudo scalar is 


• Being Y=0, it does not couple to fermions and Z boson


• Being speudoscalar it does not couple to 


• Corresponding loop-level couplings are also zero


• Thus without any additional discrete symmetry       is promoted as the dark 
matter candidate

W±W⌥, ZZ
<latexit sha1_base64="icGH3bOmJO2wN0IwzU0KyT2a3Jc=">AAAB+nicbVDLTgIxFO34RHwNunTTSExcEDKDJrokunGJiTwCM5JOKdDQdpq2oyEjn+LGhca49Uvc+TcWmIWCJ7k3J+fcm96eSDKqjed9Oyura+sbm7mt/PbO7t6+Wzho6DhRmNRxzGLVipAmjApSN9Qw0pKKIB4x0oxG11O/+UCUprG4M2NJQo4GgvYpRsZKXbfQvA8kh7ZzWQpKsN3uukWv7M0Al4mfkSLIUOu6X0EvxgknwmCGtO74njRhipShmJFJPkg0kQiP0IB0LBWIEx2ms9Mn8MQqPdiPlS1h4Ez9vZEirvWYR3aSIzPUi95U/M/rJKZ/GaZUyMQQgecP9RMGTQynOcAeVQQbNrYEYUXtrRAPkULY2LTyNgR/8cvLpFEp+2flyu15sXqVxZEDR+AYnAIfXIAquAE1UAcYPIJn8ArenCfnxXl3PuajK062cwj+wPn8AYQ+kt0=</latexit>

aP
<latexit sha1_base64="/L1GiFTNg6ml11BJjmHFZmn0hX0=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2ge0Q7mTZtrQTGZIMkIZ+gluXCji1i9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9hv9MsVt+rOQVaJl5MK5LD5r94gpmnEpKECte56bmL8DJXhVLBpqZdqliAd45B1LZUYMe1n81Wn5MwqAxLGyj5pyFz9PZFhpPUkCmwyQjPSy95M/M/rpia89jMuk9QwSRcfhakgJiazu8mAK0aNmFiCVHG7K6EjVEiNbadkS/CWT14lrVrVu6jW7i8r9Zu8jiKcwCmcgwdXUIc7aEATKAzhGV7hzRHOi/PufCyiBSefOYY/cD5/ABjwjaw=</latexit>



Complex Y=0 Triplet: CP-even neutral Higgs boson
• For CP-even scalar both doublet and triplet fields mix


• With masses


• The model parameters get constraints from the recent Higgs boson mass and 
branching measurements at ATLAS and CMS experiments at the LHC 


•
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• The charged Higgs spectrum is more complex with       as charged Goldstone


•     Is the orthogonal to Glodstone is a mixed but mostly triplet charged Higgs


•     stays as pure triplet charged Higgs and does not couple to fermions


• The mass spectrum looks like


• With a tree-level splitting with the pseudo scalar 

Complex Y=0 Triplet: Charged Higgs boson
h±
0

<latexit sha1_base64="gwzPcQ0XbnHAaBxxIv6CcWd4DbQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXjxWsB/QriWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHVSe/TYU6Lv98sVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfB1mTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbRq1eCiWru/rNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QP20I9S</latexit>

h±
T<latexit sha1_base64="n9OWW1hopEtjSscobnCbd4YtwmE=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK/YJ2Ldk024Ym2ZBkhbL0R3jxoIhXf483/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHLJKkmtEkSnuhOhA3lTNKmZZbTjtIUi4jTdjS+m/ntJ6oNS2TDThQNBR5KFjOCrZPao8eeEv1Gv1T2K/4caJUEOSlDjnq/9NUbJCQVVFrCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUclFtSE2fzcKTp3ygDFiXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGN2HGpEotlWSxKE45sgma/Y4GTFNi+cQRTDRztyIywhoT6xIquhCC5ZdXSataCS4r1Yercu02j6MAp3AGFxDANdTgHurQBAJjeIZXePOU9+K9ex+L1jUvnzmBP/A+fwAtb492</latexit>

h±
P<latexit sha1_base64="XXU0YzUKSYiG4qv5o2771eW3WQw=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae0Y8mkmTY0yYQkI5ShH+HGhSJu/R53/o1pOwttPRA4nHMuufdEijNjff/bK6ytb2xuFbdLO7t7+wflw6OWSVJNaJMkPNGdCBvKmaRNyyynHaUpFhGn7Wh8O/PbT1QblsgHO1E0FHgoWcwItk5qjx57SvQb/XLFr/pzoFUS5KQCOVz+qzdISCqotIRjY7qBr2yYYW0Z4XRa6qWGKkzGeEi7jkosqAmz+bpTdOaUAYoT7Z60aK7+nsiwMGYiIpcU2I7MsjcT//O6qY2vw4xJlVoqyeKjOOXIJmh2OxowTYnlE0cw0cztisgIa0ysa6jkSgiWT14lrVo1uKjW7i8r9Zu8jiKcwCmcQwBXUIc7aEATCIzhGV7hzVPei/fufSyiBS+fOYY/8D5/ACdfj3I=</latexit>



Decays of the Charged Higgs bosons
• Odd number of pure state in a vertex                    vanishes


•  


• Appearance of pure states twice makes the vertices non-zero


• The pure triplet nature acts effectively as an odd number in a discrete 
symmetry  



Symmetric limit
• In the       symmetric limit                    and others remain invariant 


• The       part of the potential goes to zero leaving


• In the limit of               the pure pseudo scalar and pure charged Higgs are 
degenerate at the tree-level


• An one-loop splitting of 166 MeV between            comes as the real triplet case 


• However, mass splitting between             can be larger proportional to 


•      gives rise to displaced charged lepton 


•     Have prompt decays 

Z3
<latexit sha1_base64="Y8QmH3Wi0WY/nmroN4FeVTyKX/Y=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiPChswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1Fjp/rFX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlit3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A4kONiA==</latexit>

Z3
<latexit sha1_base64="Y8QmH3Wi0WY/nmroN4FeVTyKX/Y=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiPChswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1Fjp/rFX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlit3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A4kONiA==</latexit>

V2
<latexit sha1_base64="oXW8TKhn9jKzquNXrYgc6swLmCQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120i7d3YTdjVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYsGNdd1vZ219Y3Nru7RT3t3bPzisHB23TZRohi0WiUh3A2pQcIUty63AbqyRykBgJ5jc5X7nCbXhkXq00xh9SUeKh5xRm0vtQb08qFTdmjsHWSVeQapQoDmofPWHEUskKssENabnubH1U6otZwJn5X5iMKZsQkfYy6iiEo2fzm+dkfNMGZIw0lkpS+bq74mUSmOmMsg6JbVjs+zl4n9eL7HhjZ9yFScWFVssChNBbETyx8mQa2RWTDNCmebZrYSNqabMZvHkIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5kjnxXl3Phata04xcwJ/4Hz+AA+tjZc=</latexit>

h±
P , aP<latexit sha1_base64="FplgiA5fzMPy9fh/5etCZyZIQXM=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEF6UkVdBl0Y3LCvYBTQyT6aQdOpOEmYlQQ7/EjQtF3Pop7vwbp20W2npg4HDOudw7J0g4U9q2v63C2vrG5lZxu7Szu7dfrhwcdlScSkLbJOax7AVYUc4i2tZMc9pLJMUi4LQbjG9mfveRSsXi6F5PEuoJPIxYyAjWRvIr5dGDmwi/VUNuDWG/5Veqdt2eA60SJydVyGHyX+4gJqmgkSYcK9V37ER7GZaaEU6nJTdVNMFkjIe0b2iEBVVeNj98ik6NMkBhLM2LNJqrvycyLJSaiMAkBdYjtezNxP+8fqrDKy9jUZJqGpHFojDlSMdo1gIaMEmJ5hNDMJHM3IrICEtMtOmqZEpwlr+8SjqNunNeb9xdVJvXeR1FOIYTOAMHLqEJt9CCNhBI4Rle4c16sl6sd+tjES1Y+cwR/IH1+QPweZH3</latexit>

h±
T , aP<latexit sha1_base64="SMxLpkRrZ0NKeGVsfmrzJQN8cuE=">AAAB+HicbVDLSsNAFL3xWeujVZduBovgopSkCrosunFZoS9oYphMJ+3QySTMTIQa+iVuXCji1k9x5984bbPQ1gMDh3PO5d45QcKZ0rb9ba2tb2xubRd2irt7+wel8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB+Hbmdx+pVCwWLT1JqBfhoWAhI1gbyS+XRg9uEvmtKnKrCPtNv1yxa/YcaJU4OalADpP/cgcxSSMqNOFYqb5jJ9rLsNSMcDotuqmiCSZjPKR9QwWOqPKy+eFTdGaUAQpjaZ7QaK7+nshwpNQkCkwywnqklr2Z+J/XT3V47WVMJKmmgiwWhSlHOkazFtCASUo0nxiCiWTmVkRGWGKiTVdFU4Kz/OVV0qnXnIta/f6y0rjJ6yjACZzCOThwBQ24gya0gUAKz/AKb9aT9WK9Wx+L6JqVzxzDH1ifP/apkfs=</latexit>

2HT vT
<latexit sha1_base64="YJatHSIguyj36Wzj6uMRn0Z2Yec=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mtgh6LXnqs0C9ol2U2TdvQbDYk2UJZ+k+8eFDEq//Em//GtN2Dtj4YeLw3w8y8SHKmjed9O4Wt7Z3dveJ+6eDw6PjEPT1r6yRVhLZIwhPVjUBTzgRtGWY47UpFIY447USTx4XfmVKlWSKaZiZpEMNIsCEjYKwUum61PwEpIczqzTmehs3QLXsVbwm8SfyclFGORuh+9QcJSWMqDOGgdc/3pAkyUIYRTuelfqqpBDKBEe1ZKiCmOsiWl8/xlVUGeJgoW8Lgpfp7IoNY61kc2c4YzFivewvxP6+XmuF9kDEhU0MFWS0aphybBC9iwAOmKDF8ZgkQxeytmIxBATE2rJINwV9/eZO0qxX/plJ9ui3XHvI4iugCXaJr5KM7VEN11EAtRNAUPaNX9OZkzovz7nysWgtOPnOO/sD5/AHZ/JMm</latexit>

h±
P<latexit sha1_base64="XXU0YzUKSYiG4qv5o2771eW3WQw=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae0Y8mkmTY0yYQkI5ShH+HGhSJu/R53/o1pOwttPRA4nHMuufdEijNjff/bK6ytb2xuFbdLO7t7+wflw6OWSVJNaJMkPNGdCBvKmaRNyyynHaUpFhGn7Wh8O/PbT1QblsgHO1E0FHgoWcwItk5qjx57SvQb/XLFr/pzoFUS5KQCOVz+qzdISCqotIRjY7qBr2yYYW0Z4XRa6qWGKkzGeEi7jkosqAmz+bpTdOaUAYoT7Z60aK7+nsiwMGYiIpcU2I7MsjcT//O6qY2vw4xJlVoqyeKjOOXIJmh2OxowTYnlE0cw0cztisgIa0ysa6jkSgiWT14lrVo1uKjW7i8r9Zu8jiKcwCmcQwBXUIc7aEATCIzhGV7hzVPei/fufSyiBS+fOYY/8D5/ACdfj3I=</latexit>

h±
T<latexit sha1_base64="n9OWW1hopEtjSscobnCbd4YtwmE=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK/YJ2Ldk024Ym2ZBkhbL0R3jxoIhXf483/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHLJKkmtEkSnuhOhA3lTNKmZZbTjtIUi4jTdjS+m/ntJ6oNS2TDThQNBR5KFjOCrZPao8eeEv1Gv1T2K/4caJUEOSlDjnq/9NUbJCQVVFrCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUclFtSE2fzcKTp3ygDFiXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGN2HGpEotlWSxKE45sgma/Y4GTFNi+cQRTDRztyIywhoT6xIquhCC5ZdXSataCS4r1Yercu02j6MAp3AGFxDANdTgHurQBAJjeIZXePOU9+K9ex+L1jUvnzmBP/A+fwAtb492</latexit>



Custodial Limit 
• In the Custodial limit              and we get


• The mass spectrum and fields take the following form 


• Both the charged Higgs bosons are pure triplet and none decays to ZW 


• In the     limit           become degenerate with             at the tree-level   Z3
<latexit sha1_base64="Y8QmH3Wi0WY/nmroN4FeVTyKX/Y=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiPChswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1Fjp/rFX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlit3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A4kONiA==</latexit>

h±
T , h

±
P<latexit sha1_base64="9AFfozxof7MRPYJZtz44loPEmZs=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEF6UkVdBl0Y3LCr1BE8NkOmmHzkzCzEQIob6KGxeKuPVB3Pk2TtsstPWHgY//nMM584cJo0o7zre1tr6xubVd2inv7u0fHNpHx10VpxKTDo5ZLPshUoRRQTqaakb6iSSIh4z0wsntrN57JFLRWLR1lhCfo5GgEcVIGyuwK+MHL+FBu+bVFtSCMLCrTt2ZC66CW0AVFGoF9pc3jHHKidCYIaUGrpNoP0dSU8zItOyliiQIT9CIDAwKxIny8/nxU3hmnCGMYmme0HDu/p7IEVcq46Hp5EiP1XJtZv5XG6Q6uvZzKpJUE4EXi6KUQR3DWRJwSCXBmmUGEJbU3ArxGEmEtcmrbEJwl7+8Ct1G3b2oN+4vq82bIo4SOAGn4By44Ao0wR1ogQ7AIAPP4BW8WU/Wi/VufSxa16xipgL+yPr8ARh/k8E=</latexit>

aP , hT
<latexit sha1_base64="JXOOC7wFWRKwjlDrrFYs2l+WZoM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCm0ttsuSTbNtaJJdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/O/IcnqjSLZctMEuoLPJQsYgQbKz3ioFntV9EoaAXliltz50CrxMtJBXI0g/JXfxCTVFBpCMda9zw3MX6GlWGE02mpn2qaYDLGQ9qzVGJBtZ/NL56iM6sMUBQrW9Kgufp7IsNC64kIbafAZqSXvZn4n9dLTXTtZ0wmqaGSLBZFKUcmRrP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf88irp1GveRa1+f1lp3ORxFOEETuEcPLiCBtxBE9pAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBFm2P4Q==</latexit>
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Dark Matter Phenomenology
• From Higgs data we get a lower bound of


• Similar to the real triplets dominant annihilation modes is  


• The co-annihilation mode is 


• However,                                due to purity non-conservation


• This implies 


• Whereas                                       

h±
T/P & 600GeV

<latexit sha1_base64="7Csg5gdML94ev39WWwu+mlqM6DA=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEgEpSEDBWMMBYpL6kJkSO67RW7SSyHaQqys7Cr7AwgBArP8DG3+C2GaDlSJaOzjlX1/f4MaNSWda3UVhaXlldK66XNja3tnfM3b22jBKBSQtHLBJdH0nCaEhaiipGurEgiPuMdPzR9cTvPBAhaRQ21TgmLkeDkAYUI6UlzywP752Ye2nzpJFBZ6B0ksNzy3KOoSN4ekPamWdWrKo1BVwkdk4qIEfDM7+cfoQTTkKFGZKyZ1uxclMkFMWMZCUnkSRGeIQGpKdpiDiRbjq9JYOHWunDIBL6hQpO1d8TKeJSjrmvkxypoZz3JuJ/Xi9RwaWb0jBOFAnxbFGQMKgiOCkG9qkgWLGxJggLqv8K8RAJhJWur6RLsOdPXiTtWtU+rdbuzir1q7yOIjgAZXAEbHAB6uAWNEALYPAInsEreDOejBfj3fiYRQtGPrMP/sD4/AEde5nR</latexit>

aPaP ! W±W⌥
<latexit sha1_base64="ollmp8+yVEc1vk03QQYDUA8NtKU=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSggRjBQtjkehDakLkuE5r1XYs20Gqqi78CgsDCLHyGWz8DU6bAVqOdK2jc+7V9T2xZFQbz/t2Siura+sb5c3K1vbO7p67f9DWaaYwaeGUpaobI00YFaRlqGGkKxVBPGakE49ucr/zSJSmqbg3Y0lCjgaCJhQjY6XIPUJRE+YVmBR2HgLJ85fLyK16NW8GuEz8glRBgWbkfgX9FGecCIMZ0rrne9KEE6QMxYxMK0GmiUR4hAakZ6lAnOhwMjtgCk+t0odJqmwJA2fq74kJ4lqPeWw7OTJDvejl4n9eLzPJVTihQmaGCDxflGQM2mPzNGCfKoING1uCsKL2rxAPkULY2MwqNgR/8eRl0q7X/PNa/e6i2rgu4iiDY3ACzoAPLkED3IImaAEMpuAZvII358l5cd6dj3lrySlmDsEfOJ8/4baVUA==</latexit>

aPh
±
P ! ZW⌥

<latexit sha1_base64="2C5EKBQmHFzgtEw1VrkRnANFmHw=">AAACAHicbVA7T8MwGHTKq5RXgIGBxaJCYqqSggRjBQtjkehDNGnkuE5r1XYs20Gqoi78FRYGEGLlZ7Dxb3AfA7ScZPl0932y72LJqDae9+0UVlbX1jeKm6Wt7Z3dPXf/oKnTTGHSwClLVTtGmjAqSMNQw0hbKoJ4zEgrHt5M/NYjUZqm4t6MJAk56guaUIyMlSL3CEV1OOgGkts7MCl8gK1uwGXklr2KNwVcJv6clMEc9cj9CnopzjgRBjOkdcf3pAlzpAzFjIxLQaaJRHiI+qRjqUCc6DCfBhjDU6v0YJIqe4SBU/X3Ro641iMe20mOzEAvehPxP6+TmeQqzKmQmSECzx5KMgZt0EkbsEcVwYaNLEFYUftXiAdIIWxsZyVbgr8YeZk0qxX/vFK9uyjXrud1FMExOAFnwAeXoAZuQR00AAZj8AxewZvz5Lw4787HbLTgzHcOwR84nz/0EpVa</latexit>

�(aPh
±
T ! ZW⌥) = 0

<latexit sha1_base64="exS6rV6520dT1M2O7avWE5aqxYc=">AAACCnicbVDLSgMxFM3UV62vUZduokWomzJTBd0IRTcuK/SFnemQSTNtaJIZkoxQhq7d+CtuXCji1i9w59+YPhZaPRA4nHMvN+eECaNKO86XlVtaXlldy68XNja3tnfs3b2milOJSQPHLJbtECnCqCANTTUj7UQSxENGWuHweuK37olUNBZ1PUqIz1Ff0IhipI0U2Ieeon2OSiiowUHXS3hQh56O4R1sdT2enFw6gV10ys4U8C9x56QI5qgF9qfXi3HKidCYIaU6rpNoP0NSU8zIuOCliiQID1GfdAwViBPlZ9MoY3hslB6MYmme0HCq/tzIEFdqxEMzyZEeqEVvIv7ndVIdXfgZFUmqicCzQ1HKoMk66QX2qCRYs5EhCEtq/grxAEmEtWmvYEpwFyP/Jc1K2T0tV27PitWreR15cACOQAm44BxUwQ2ogQbA4AE8gRfwaj1az9ab9T4bzVnznX3wC9bHN5+emO0=</latexit>
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LHC Phenomenology
• The existence of two triplet charged Higgs  bosons but phenomenologically 

different 


•      has prompt decay with dominant modes


•       decays to  tb is restricted to ~ 4%


•       Has displaced decay of width 


• Along with LHC muon collider can also probe


 the triplet charged Higgs bosons with


                              , 

h±
T , h

±
P<latexit sha1_base64="U0OqRiSyvZ8F1i50g3tw3cCE8Bo=">AAAB+3icbVDLSgMxFL3js9ZXrUs3wSK4KGWmCrosunFZoS/ojCWTZtrQJDMkGbGU/oobF4q49Ufc+Tem7Sy09UDgcM653JsTJpxp47rfztr6xubWdm4nv7u3f3BYOCq2dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g5HtzO//UiVZrFsmHFCA4EHkkWMYGOlXqE4fPAT0WuU/TJa0HqvUHIr7hxolXgZKUEGm//y+zFJBZWGcKx113MTE0ywMoxwOs37qaYJJiM8oF1LJRZUB5P57VN0ZpU+imJlnzRorv6emGCh9ViENimwGeplbyb+53VTE10HEyaT1FBJFouilCMTo1kRqM8UJYaPLcFEMXsrIkOsMDG2rrwtwVv+8ippVSveRaV6f1mq3WR15OAETuEcPLiCGtxBHZpA4Ame4RXenKnz4rw7H4vompPNHMMfOJ8/usmTlw==</latexit>
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h±
T<latexit sha1_base64="n9OWW1hopEtjSscobnCbd4YtwmE=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK/YJ2Ldk024Ym2ZBkhbL0R3jxoIhXf483/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHLJKkmtEkSnuhOhA3lTNKmZZbTjtIUi4jTdjS+m/ntJ6oNS2TDThQNBR5KFjOCrZPao8eeEv1Gv1T2K/4caJUEOSlDjnq/9NUbJCQVVFrCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUclFtSE2fzcKTp3ygDFiXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGN2HGpEotlWSxKE45sgma/Y4GTFNi+cQRTDRztyIywhoT6xIquhCC5ZdXSataCS4r1Yercu02j6MAp3AGFxDANdTgHurQBAJjeIZXePOU9+K9ex+L1jUvnzmBP/A+fwAtb492</latexit>

h±
P<latexit sha1_base64="XXU0YzUKSYiG4qv5o2771eW3WQw=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae0Y8mkmTY0yYQkI5ShH+HGhSJu/R53/o1pOwttPRA4nHMuufdEijNjff/bK6ytb2xuFbdLO7t7+wflw6OWSVJNaJMkPNGdCBvKmaRNyyynHaUpFhGn7Wh8O/PbT1QblsgHO1E0FHgoWcwItk5qjx57SvQb/XLFr/pzoFUS5KQCOVz+qzdISCqotIRjY7qBr2yYYW0Z4XRa6qWGKkzGeEi7jkosqAmz+bpTdOaUAYoT7Z60aK7+nsiwMGYiIpcU2I7MsjcT//O6qY2vw4xJlVoqyeKjOOXIJmh2OxowTYnlE0cw0cztisgIa0ysa6jkSgiWT14lrVo1uKjW7i8r9Zu8jiKcwCmcQwBXUIc7aEATCIzhGV7hzVPei/fufSyiBS+fOYY/8D5/ACdfj3I=</latexit>

⇠ 10�16 GeV
<latexit sha1_base64="WefaoqvclogH3w+uL4ncZlU+nHk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJqqjLogtdVrAPaGKZTCft0JlJmJkIJcSNv+LGhSJu/Qt3/o3TNgutHrhwOOde7r0niBlV2nG+rMLc/MLiUnG5tLK6tr5hb241VZRITBo4YpFsB0gRRgVpaKoZaceSIB4w0gqGl2O/dU+kopG41aOY+Bz1BQ0pRtpIXXvHU5RD17lLj9zTzDuEnuTpFWlmXbvsVJwJ4F/i5qQMctS79qfXi3DCidCYIaU6rhNrP0VSU8xIVvISRWKEh6hPOoYKxIny08kHGdw3Sg+GkTQlNJyoPydSxJUa8cB0cqQHatYbi/95nUSH535KRZxoIvB0UZgwqCM4jgP2qCRYs5EhCEtqboV4gCTC2oRWMiG4sy//Jc1qxT2uVG9OyrWLPI4i2AV74AC44AzUwDWogwbA4AE8gRfwaj1az9ab9T5tLVj5zDb4BevjG1iblYw=</latexit>
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Conclusions
• The real Y=0, triplet gives rise to one charged Higgs with displaced  decay


• The complex Y=0,  triplet gives rise to one displaced and one prompt decays of 
Charged Higgs bosons


• For the real case to have a dark matter we need a      symmetry


• In case of complex Y=0 triplet, purity of triplet behaves like a discrete symmetry 


• Displaced Mono/di-lepton plus missing energy can probe the real Y=0 triplet


• Existence of both displaced and prompt lepton plus missing energy can probe 
Y=0 complex triplet


• Muon collider and be promising along with the LHC
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