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<latexit sha1_base64="NcjBdM5wcaSIRYtmA31lZfiA9qQ=">AAAC4nicjVFLb9NAEF6bVymPBjhyWREhcUgip2ndVgipggvHIpG2kmNF4/U4WWUf1u4aybXyB7ghrvworvwWLmxSI2EeEiOt9tN838y3O5OVglsXRd+C8MbNW7fv7NzdvXf/wcO93qPH51ZXhuGUaaHNZQYWBVc4ddwJvCwNgswEXmSrNxv+4gMay7V67+oSUwkLxQvOwPnUvPd1VmCtJKicw8KApImAGg3m1N+6cgO61IZfaeVAvMqo05QNfL+auiVnq5Q2FOhwSBPLQIDpUNmWKNBI7+T7gCiowMJ1ROx/RNmg1f3h0pHlA7p+Oe/1o9FJFI8nh9SD/WhyEntwfHA4OYroeBRto0/aOJv3vs9yzSqJyjEB1ibjqHRpA8ZxJnC9O6sslsBWsMDEQwUSbdpsJ7+mz30mp4U2/ihHt9lfKxqQ1tYy80oJ bml/5zbJv3FJ5YrjtOGqrBwqdm1UVGKzgM0aac4NMidqD4AZ7t9K2RIMMOeX3XFxfHU1bJfc+U2TybWf1s+R0H+D8/3ROB7F7w76p6/bue2Qp+QZeUHG5IickrfkjEwJC+JgFmBQhHn4MfwUfr6WhkFb84R0IvzyA83d5js=</latexit>

But why 
<latexit sha1_base64="5fY0JqzsYYLGVuJpYFowMSCnMdQ=">AAACNXicjVDLSsNAFJ34rPUVdelmsAjtpiQitcuiC10oVLAPaGKYTKft0JkkzEyEEvJTbvwPV7pwoYhbf8FJH2BFwQMDl/Pg3jl+xKhUlvVsLCwuLa+s5tby6xubW9vmzm5ThrHApIFDFoq2jyRhNCANRRUj7UgQxH1GWv7wLNNbd0RIGgY3ahQRl6N+QHsUI6Upz7wscm8AHUk5tC0LOhypgeDJOWmmsAQdxmDxyktmdJ2l6cx8m9jVdC5Q8syCXbbGgH8PBTBF3TMfnW6IY04ChRmSsmNbkXITJBTFjKR5J5YkQniI+qSjxwBxIt1k/OsUHmqmC3uh0C9QcMx+TySISznivnZmR8qfWkb+pnVi1au6CQ2iWJEATxb1YgZVCLMKYZcKghUb6QFhQfWtEA+QQFjpovP/K6F5VLYr5cr1caF2Oq0jB/bBASgCG5yAGrgAddAAGNyDJ/AK3owH48V4Nz4m1gVjmtkDczA+vwDwNqnR</latexit>

(mh ⇠ 100GeV) ⌧ (MPl ⇠ 1018GeV)

<latexit sha1_base64="a2oomM+lEl2skjfEgTPdIDI3QLk="></latexit>
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<latexit sha1_base64="NcjBdM5wcaSIRYtmA31lZfiA9qQ="></latexit>

<latexit sha1_base64="KBZzdITpczkWZIXTEFIaZHujSes="></latexit>

<latexit sha1_base64="ZA1UMbXMjzE7n/KGuThHWLt+4LA=">AAACEXicdVDLSgNBEJz1GeMr6tHLYBAEMewa87oFvXhMwCRCEsLspFeHzMwuM7NCXPIFHtWP8SZe/QK/xYuTh2BECxqKqm66u/yIM21c98NZWFxaXllNraXXNza3tjM7u00dxopCg4Y8VNc+0cCZhIZhhsN1pIAIn0PLH1yM/dYdKM1CeWWGEXQFuZEsYJQYK9WPe5msm6u4RS9fwJacuvlK0ZLyWSFfcrGXcyfIohlqvcxnpx/SWIA0lBOt254bmW5ClGGUwyjdiTVEhA7IDbQtlUSA7iaTQ0f40Cp9HITKljR4ov6cSIjQeih82ymIudW/vbH4l9eOTVDuJkxGsQFJp4uCmGMT4vHXuM8UUMOHlhCqmL0V01uiCDU2m7kthg3uTwIYSkHk3DeJL0Y2re9I8P+keZrzirli/SxbPZ/llkL76AAdIQ+VUBVdohpqIIoAPaAn9Ow8Oi/Oq/M2bV1wZjN7aA7O+xeep56Q</latexit>

+

<latexit sha1_base64="Ncd++glWtB6QWUT870UbrVj+UMI=">AAACD3icjVBNS8NAEN34WetX1KOXxaLUS0mLVEGEoh48VrQf0MSw2U7apbtJ2N0IJfQfePGvePGgiFev3vw3Jm0PKgo+GHi8N8PMPC/iTGnL+jBmZufmFxZzS/nlldW1dXNjs6nCWFJo0JCHsu0RBZwF0NBMc2hHEojwOLS8wVnmt25BKhYG13oYgSNIL2A+o0Snkmvu2efANcHC7d9U8Aku2oLovhTJFfHBPsYapFCjfdcslEvWGPhvUkBT1F3z3e6GNBYQaMqJUp2yFWknIVIzymGUt2MFEaED0oNOSgMiQDnJ+J8R3k2VLvZDmVag8Vj9OpEQodRQeGlndq366WXib14n1v6Rk7AgijUEdLLIjznWIc7CwV0mgWo+TAmhkqW3YtonktA0BpX/XwjNSqlcLVUvDwq102kcObSNdlARldEhqqELVEcNRNEdekBP6Nm4Nx6NF+N10jpjTGe20DcYb58CJ5tr</latexit>

�m2
h = (Safe terms)

<latexit sha1_base64="MOH/HrDLDDgAWSmDgpJCBdb1tKE=">AAACEXicdVDLSgNBEJyN73fUo5fBIHhx2c07N9GLRwWjgbiE2UlvMmRmdpmZFeKSL/Cofow38eoX+C1enMQIRrSgoajqprsrTDjTxvPendzc/MLi0vLK6tr6xuZWfnvnSsepotCkMY9VKyQaOJPQNMxwaCUKiAg5XIeD07F/fQtKs1hemmECgSA9ySJGibHSRdTJFzy34VX9UgVbUvRKjaol9XKlVPOw73oTFNAU5538x003pqkAaSgnWrd9LzFBRpRhlMNo9SbVkBA6ID1oWyqJAB1kk0NH+MAqXRzFypY0eKL+nMiI0HooQtspiOnr395Y/MtrpyaqBxmTSWpA0q9FUcqxifH4a9xlCqjhQ0sIVczeimmfKEKNzWZmi2GDu6MIhlIQOfNNFoqRTes7Evw/uSq6ftWtXpQLxyfT3JbRHtpHh8hHNXSMztA5aiKKAN2jR/TkPDjPzovz+tWac6Yzu2gGztsnAZWeyw==</latexit>

f
<latexit sha1_base64="QYgJvGTPmnCbkJ4hkq8fVJRNrVw=">AAACGXicdVDLSgNBEJz1Gd9Rj14Gg+DFsGteegt68ahgfJAEmZ306pCZ2WWmV4hLvsKj+jHexKsnv8WLkxjBiBY0FFXddHeFiRQWff/dm5icmp6Zzc3NLywuLa/kV9fObJwaDg0ey9hchMyCFBoaKFDCRWKAqVDCedg9HPjnt2CsiPUp9hJoK3atRSQ4QyddtlDIDmRR/ypf8Iv7fjUoVagju35pv+rIXrlSqvk0KPpDFMgIx1f5j1Yn5qkCjVwya5uBn2A7YwYFl9Cfb6UWEsa77BqajmqmwLaz4cF9uuWUDo1i40ojHao/JzKmrO2p0HUqhjf2tzcQ//KaKUZ77UzoJEXQ/GtRlEqKMR18TzvCAEfZc4RxI9ytlN8wwzi6jMa2oOje7UTQ04rpsW+yUA3S+o6E/k/OdotBtVg9KRfqB6PccmSDbJJtEpAaqZMjckwahBNF7skjefIevGfvxXv9ap3wRjPrZAze2yfrNqKB</latexit>

÷f
Fermion Boson



<latexit sha1_base64="MOH/HrDLDDgAWSmDgpJCBdb1tKE=">AAACEXicdVDLSgNBEJyN73fUo5fBIHhx2c07N9GLRwWjgbiE2UlvMmRmdpmZFeKSL/Cofow38eoX+C1enMQIRrSgoajqprsrTDjTxvPendzc/MLi0vLK6tr6xuZWfnvnSsepotCkMY9VKyQaOJPQNMxwaCUKiAg5XIeD07F/fQtKs1hemmECgSA9ySJGibHSRdTJFzy34VX9UgVbUvRKjaol9XKlVPOw73oTFNAU5538x003pqkAaSgnWrd9LzFBRpRhlMNo9SbVkBA6ID1oWyqJAB1kk0NH+MAqXRzFypY0eKL+nMiI0HooQtspiOnr395Y/MtrpyaqBxmTSWpA0q9FUcqxifH4a9xlCqjhQ0sIVczeimmfKEKNzWZmi2GDu6MIhlIQOfNNFoqRTes7Evw/uSq6ftWtXpQLxyfT3JbRHtpHh8hHNXSMztA5aiKKAN2jR/TkPDjPzovz+tWac6Yzu2gGztsnAZWeyw==</latexit>

f
<latexit sha1_base64="QYgJvGTPmnCbkJ4hkq8fVJRNrVw=">AAACGXicdVDLSgNBEJz1Gd9Rj14Gg+DFsGteegt68ahgfJAEmZ306pCZ2WWmV4hLvsKj+jHexKsnv8WLkxjBiBY0FFXddHeFiRQWff/dm5icmp6Zzc3NLywuLa/kV9fObJwaDg0ey9hchMyCFBoaKFDCRWKAqVDCedg9HPjnt2CsiPUp9hJoK3atRSQ4QyddtlDIDmRR/ypf8Iv7fjUoVagju35pv+rIXrlSqvk0KPpDFMgIx1f5j1Yn5qkCjVwya5uBn2A7YwYFl9Cfb6UWEsa77BqajmqmwLaz4cF9uuWUDo1i40ojHao/JzKmrO2p0HUqhjf2tzcQ//KaKUZ77UzoJEXQ/GtRlEqKMR18TzvCAEfZc4RxI9ytlN8wwzi6jMa2oOje7UTQ04rpsW+yUA3S+o6E/k/OdotBtVg9KRfqB6PccmSDbJJtEpAaqZMjckwahBNF7skjefIevGfvxXv9ap3wRjPrZAze2yfrNqKB</latexit>

÷f
Fermion Boson

Same mass

Same quantum number

<latexit sha1_base64="0w3Mhwjp+t7Fj8HrkzAGoDWfUR8="></latexit>

Supersymmetry must be broken



Dark Photon and Supersymmetry  

Diens, Kolda, Russel (1997); Ibarra, Ringwald, Weniger (2009); Chun, Park (2009); …



Dark 
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<latexit sha1_base64="y3C6wDcF7GszxLE1+QxeoKq/eEw=">AAAB73icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTI7Mw6MyuEJT/hxYMiXv0db/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+06hMM2wwJZRuR9Sg4BIblluB7VQjTSKBrWh0NfVb96gNV/LWjlMMEzqQPOaMWie1u5gaLpTslcpBxZ+B/E3KsEC9V3rv9hXLEpSWCWpMJ/BTG+ZUW84ETordzGBK2YgOsOOopAmaMJ/dOyHHTumTWGlX0pKZ+nUip4kx4yRynQm1Q/PTm4q/eZ3MxhdhzmWaWZRsvijOBLGKTJ8nfa6RWTF2hDLN3a2EDammzLqIiv8LoXlaCaqV6s1ZuXa5iKMAh3AEJxDAOdTgGurQAAYCHuAJnr0779F78V7nrUveYuYAvsF7+wRUyJAu</latexit> !

<latexit sha1_base64="AIxZzTi4ETGjrnyVRfBYAM2hCy8=">AAACEHicdVDLSsNAFJ3UV62vqEs3g0V0FZIire5K3bisYB/QxDCZTtqhk0mYmQgl5BPc+CtuXCji1qU7/8bpC3weuHA4517uvSdIGJXKtj+MwtLyyupacb20sbm1vWPu7rVlnApMWjhmsegGSBJGOWkpqhjpJoKgKGCkE4wuJn7nlghJY36txgnxIjTgNKQYKS355rEbCoQzlySSspjnWSWHDT9zo9Tlad69WTDfLNvWea1WcarwN3Ese4oymKPpm+9uP8ZpRLjCDEnZc+xEeRkSimJG8pKbSpIgPEID0tOUo4hIL5s+lMMjrfRhGAtdXMGp+nUiQ5GU4yjQnRFSQ/nTm4h/eb1UhWdeRnmSKsLxbFGYMqhiOEkH9qkgWLGxJggLqm+FeIh0QkpnWNIhLD6F/5N2xXKqVvXqtFxvzOMoggNwCE6AA2qgDi5BE7QABnfgATyBZ+PeeDRejNdZa8GYz+yDbzDePgHc0p5t</latexit> !
2

Bµ ! X µ !



Dark 
Photon

SM  
Hypercharge

<latexit sha1_base64="y3C6wDcF7GszxLE1+QxeoKq/eEw=">AAAB73icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTI7Mw6MyuEJT/hxYMiXv0db/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+06hMM2wwJZRuR9Sg4BIblluB7VQjTSKBrWh0NfVb96gNV/LWjlMMEzqQPOaMWie1u5gaLpTslcpBxZ+B/E3KsEC9V3rv9hXLEpSWCWpMJ/BTG+ZUW84ETordzGBK2YgOsOOopAmaMJ/dOyHHTumTWGlX0pKZ+nUip4kx4yRynQm1Q/PTm4q/eZ3MxhdhzmWaWZRsvijOBLGKTJ8nfa6RWTF2hDLN3a2EDammzLqIiv8LoXlaCaqV6s1ZuXa5iKMAh3AEJxDAOdTgGurQAAYCHuAJnr0779F78V7nrUveYuYAvsF7+wRUyJAu</latexit> !

Dark 
PhotinoBino

<latexit sha1_base64="y3C6wDcF7GszxLE1+QxeoKq/eEw=">AAAB73icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTI7Mw6MyuEJT/hxYMiXv0db/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+06hMM2wwJZRuR9Sg4BIblluB7VQjTSKBrWh0NfVb96gNV/LWjlMMEzqQPOaMWie1u5gaLpTslcpBxZ+B/E3KsEC9V3rv9hXLEpSWCWpMJ/BTG+ZUW84ETordzGBK2YgOsOOopAmaMJ/dOyHHTumTWGlX0pKZ+nUip4kx4yRynQm1Q/PTm4q/eZ3MxhdhzmWaWZRsvijOBLGKTJ8nfa6RWTF2hDLN3a2EDammzLqIiv8LoXlaCaqV6s1ZuXa5iKMAh3AEJxDAOdTgGurQAAYCHuAJnr0779F78V7nrUveYuYAvsF7+wRUyJAu</latexit> !



Dark 
Photon

SM  
Hypercharge

Dark 
PhotinoBino

<latexit sha1_base64="y3C6wDcF7GszxLE1+QxeoKq/eEw=">AAAB73icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTI7Mw6MyuEJT/hxYMiXv0db/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+06hMM2wwJZRuR9Sg4BIblluB7VQjTSKBrWh0NfVb96gNV/LWjlMMEzqQPOaMWie1u5gaLpTslcpBxZ+B/E3KsEC9V3rv9hXLEpSWCWpMJ/BTG+ZUW84ETordzGBK2YgOsOOopAmaMJ/dOyHHTumTWGlX0pKZ+nUip4kx4yRynQm1Q/PTm4q/eZ3MxhdhzmWaWZRsvijOBLGKTJ8nfa6RWTF2hDLN3a2EDammzLqIiv8LoXlaCaqV6s1ZuXa5iKMAh3AEJxDAOdTgGurQAAYCHuAJnr0779F78V7nrUveYuYAvsF7+wRUyJAu</latexit> !

Massless

<latexit sha1_base64="wkM16Yr1M9tiUQzOwLnhkYLhmG8=">AAACAnicdVBNS8NAEN34WetX1ZN4WSyCp5KI1oqXohcPHirYD2hC2Wwn7dLdTdjdCCUUL/4VLx4U8eqv8Oa/MWkrVNEHA4/3ZpiZ50ecaWPbn9bc/MLi0nJuJb+6tr6xWdjabugwVhTqNOShavlEA2cS6oYZDq1IARE+h6Y/uMz85h0ozUJ5a4YReIL0JAsYJSaVOoVdVxDTVyK5JqoHI/ccuxBpxjOv6JTsMbA9SypnJw7+topoilqn8OF2QxoLkIZyonXbsSPjJUQZRjmM8m6sISJ0QHrQTqkkArSXjF8Y4YNU6eIgVGlJg8fq7ERChNZD4aed2cH6t5eJf3nt2AQVL2Eyig1IOlkUxBybEGd54C5TQA0fpoRQxdJbMe0TRahJU8vPhvA/aRyVnHKpfHNcrF5M48ihPbSPDpGDTlEVXaEaqiOK7tEjekYv1oP1ZL1ab5PWOWs6s4N+wHr/AqT7l50=</latexit>

Large !
<latexit sha1_base64="y3C6wDcF7GszxLE1+QxeoKq/eEw=">AAAB73icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTI7Mw6MyuEJT/hxYMiXv0db/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+06hMM2wwJZRuR9Sg4BIblluB7VQjTSKBrWh0NfVb96gNV/LWjlMMEzqQPOaMWie1u5gaLpTslcpBxZ+B/E3KsEC9V3rv9hXLEpSWCWpMJ/BTG+ZUW84ETordzGBK2YgOsOOopAmaMJ/dOyHHTumTWGlX0pKZ+nUip4kx4yRynQm1Q/PTm4q/eZ3MxhdhzmWaWZRsvijOBLGKTJ8nfa6RWTF2hDLN3a2EDammzLqIiv8LoXlaCaqV6s1ZuXa5iKMAh3AEJxDAOdTgGurQAAYCHuAJnr0779F78V7nrUveYuYAvsF7+wRUyJAu</latexit> !



Gauge interaction vertices
<latexit sha1_base64="bTtcSOw3cLg8KODTySWWJey9qMQ="></latexit>

L ! g!
Y Y Jµ

Y Bµ + gD DJ µ
D Xµ

=
!
"

gD !
#

1 " ! 2
DJ µ

D + gY Y Jµ
Y

"
Bµ + gD DJ µ

D X µ ,



Dark Gauge Mediated 
SUSY Breaking
(Dark GMSB)



SUSY  
Breaking 
Sector

Messenger

Super 
Partners

<latexit sha1_base64="OZLcBmRC/luFkvYlsH6rAaeMZ78=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wom5BUaXVX7MZlRdMW2hAm00k7dCYJM5NCCf0TNy4UceufuPNvnLQVfB4YOJxzL/fMCRJGpbLtd6Owsrq2vlHcLG1t7+zumfsHbRmnAhMXxywW3QBJwmhEXEUVI91EEMQDRjrBuJn7nQkRksbRnZomxONoGNGQYqS05JtmnyM1Ejy7dStnpzO/6Ztl27qs16tODf4mjmXPUQZLtHzzrT+IccpJpDBDUvYcO1FehoSimJFZqZ9KkiA8RkPS0zRCnEgvmyefwROtDGAYC/0iBefq140McSmnPNCTeU7508vFv7xeqsILL6NRkioS4cWhMGVQxTCvAQ6oIFixqSYIC6qzQjxCAmGlyyrpEj5/Cv8n7arl1KzazXm5cbWsowiOwDGoAAfUQQNcgxZwAQYTcA8ewZORGQ/Gs/GyGC0Yy51D8A3G6wcm8ZNh</latexit>

SU(3)C

<latexit sha1_base64="AD2mX9rGJeL4iy9iH21Txeo5dfA=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3QwzRVrdFd24rODUSjsMmTRtQ5PMkGSEOvRL3LhQxK2f4s6/MdNW8HkgcDjnXu7JiRJGlXbdd6uwtLyyulZcL21sbm2X7Z3dtopTiYmPYxbLToQUYVQQX1PNSCeRBPGIketofJ7717dEKhqLKz1JSMDRUNABxUgbKbTLPY70SPLMr3pH0/AmtCuuc9po1Lw6/E08x52hAhZohfZbrx/jlBOhMUNKdT030UGGpKaYkWmplyqSIDxGQ9I1VCBOVJDNgk/hoVH6cBBL84SGM/XrRoa4UhMemck8pvrp5eJfXjfVg5MgoyJJNRF4fmiQMqhjmLcA+1QSrNnEEIQlNVkhHiGJsDZdlUwJnz+F/5N2zfHqTv3yuNI8W9RRBPvgAFSBBxqgCS5AC/gAgxTcg0fwZN1ZD9az9TIfLViLnT3wDdbrB5yakxg=</latexit>

U(1)Y

<latexit sha1_base64="9Wi2522Q7hE7KY4fRN5oh/ZdGb8=">AAAB+XicdVDLSgMxFM34rPU16tJNsAh1M8wUaXVXdOPCRUWnLbTDkEnTNjTJDEmmUIb+iRsXirj1T9z5N2baCj4PBA7n3Ms9OVHCqNKu+24tLa+srq0XNoqbW9s7u/beflPFqcTExzGLZTtCijAqiK+pZqSdSIJ4xEgrGl3mfmtMpKKxuNOThAQcDQTtU4y0kULb7nKkh5Jnt365cjINr0O75DrntVrFq8LfxHPcGUpggUZov3V7MU45ERozpFTHcxMdZEhqihmZFrupIgnCIzQgHUMF4kQF2Sz5FB4bpQf7sTRPaDhTv25kiCs14ZGZzHOqn14u/uV1Ut0/CzIqklQTgeeH+imDOoZ5DbBHJcGaTQxBWFKTFeIhkghrU1bRlPD5U/g/aVYcr+pUb05L9YtFHQVwCI5AGXigBurgCjSADzAYg3vwCJ6szHqwnq2X+eiStdg5AN9gvX4AMw2TaQ==</latexit>

SU(2)L



SUSY  
Breaking 
Sector

Messenger

Super 
Partners

<latexit sha1_base64="OZLcBmRC/luFkvYlsH6rAaeMZ78=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wom5BUaXVX7MZlRdMW2hAm00k7dCYJM5NCCf0TNy4UceufuPNvnLQVfB4YOJxzL/fMCRJGpbLtd6Owsrq2vlHcLG1t7+zumfsHbRmnAhMXxywW3QBJwmhEXEUVI91EEMQDRjrBuJn7nQkRksbRnZomxONoGNGQYqS05JtmnyM1Ejy7dStnpzO/6Ztl27qs16tODf4mjmXPUQZLtHzzrT+IccpJpDBDUvYcO1FehoSimJFZqZ9KkiA8RkPS0zRCnEgvmyefwROtDGAYC/0iBefq140McSmnPNCTeU7508vFv7xeqsILL6NRkioS4cWhMGVQxTCvAQ6oIFixqSYIC6qzQjxCAmGlyyrpEj5/Cv8n7arl1KzazXm5cbWsowiOwDGoAAfUQQNcgxZwAQYTcA8ewZORGQ/Gs/GyGC0Yy51D8A3G6wcm8ZNh</latexit>

SU(3)C

<latexit sha1_base64="AD2mX9rGJeL4iy9iH21Txeo5dfA=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxC3QwzRVrdFd24rODUSjsMmTRtQ5PMkGSEOvRL3LhQxK2f4s6/MdNW8HkgcDjnXu7JiRJGlXbdd6uwtLyyulZcL21sbm2X7Z3dtopTiYmPYxbLToQUYVQQX1PNSCeRBPGIketofJ7717dEKhqLKz1JSMDRUNABxUgbKbTLPY70SPLMr3pH0/AmtCuuc9po1Lw6/E08x52hAhZohfZbrx/jlBOhMUNKdT030UGGpKaYkWmplyqSIDxGQ9I1VCBOVJDNgk/hoVH6cBBL84SGM/XrRoa4UhMemck8pvrp5eJfXjfVg5MgoyJJNRF4fmiQMqhjmLcA+1QSrNnEEIQlNVkhHiGJsDZdlUwJnz+F/5N2zfHqTv3yuNI8W9RRBPvgAFSBBxqgCS5AC/gAgxTcg0fwZN1ZD9az9TIfLViLnT3wDdbrB5yakxg=</latexit>

U(1)Y

<latexit sha1_base64="9Wi2522Q7hE7KY4fRN5oh/ZdGb8=">AAAB+XicdVDLSgMxFM34rPU16tJNsAh1M8wUaXVXdOPCRUWnLbTDkEnTNjTJDEmmUIb+iRsXirj1T9z5N2baCj4PBA7n3Ms9OVHCqNKu+24tLa+srq0XNoqbW9s7u/beflPFqcTExzGLZTtCijAqiK+pZqSdSIJ4xEgrGl3mfmtMpKKxuNOThAQcDQTtU4y0kULb7nKkh5Jnt365cjINr0O75DrntVrFq8LfxHPcGUpggUZov3V7MU45ERozpFTHcxMdZEhqihmZFrupIgnCIzQgHUMF4kQF2Sz5FB4bpQf7sTRPaDhTv25kiCs14ZGZzHOqn14u/uV1Ut0/CzIqklQTgeeH+imDOoZ5DbBHJcGaTQxBWFKTFeIhkghrU1bRlPD5U/g/aVYcr+pUb05L9YtFHQVwCI5AGXigBurgCjSADzAYg3vwCJ6szHqwnq2X+eiStdg5AN9gvX4AMw2TaQ==</latexit>

SU(2)L

<latexit sha1_base64="6VwWsxvXA53f6p4rjggjTe627gI=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBHqpiSite6KblxWMG2hDWEynbRDZyZhZiKUkJUbf8WNC0Xc+g3u/BuTtEIVPXDhzDn3MvceP2JUacv6NBYWl5ZXVktr5fWNza1tc2e3rcJYYuLgkIWy6yNFGBXE0VQz0o0kQdxnpOOPr3K/c0ekoqG41ZOIuBwNBQ0oRjqTPPOgz5Ee+UHiVO3j1EuKp+TJAMlxmnpmxa5ZBaA1TxoXZzb8tipghpZnfvQHIY45ERozpFTPtiLtJkhqihlJy/1YkQjhMRqSXkYF4kS5SXFGCo8yZQCDUGYlNCzU+YkEcaUm3M868y3Vby8X//J6sQ4abkJFFGsi8PSjIGZQhzDPBA6oJFizSUYQljTbFeIRkgjrLLnyfAj/k/ZJza7X6jenleblLI4S2AeHoApscA6a4Bq0gAMwuAeP4Bm8GA/Gk/FqvE1bF4zZzB74AeP9C9B1mWM=</latexit>

U (1)dark
<latexit sha1_base64="VInsSuUPOis01WkthJrBrUqjs08=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8hV3RGG9BLx4jmAckS5id9CZDZmfXmVkhLPkJLx4U8ervePNvnDyEKFrQUFR1090VJIJr47qfztLyyuraem4jv7m1vbNb2Ntv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVZqdTDRXMSyWyh6JXcK4i6SyuW5R76tIsxR6xY+Or2YpRFKwwTVuu25ifEzqgxnAsf5TqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqbo4kdFI61EU2M6ImoH+7U3Ev7x2asKKn3GZpAYlmy0KU0FMTCbPkx5XyIwYWUKZ4vZWwgZUUWZsRPnFEP4njdOSVy6Vb8+K1at5HDk4hCM4AQ8uoAo3UIM6MBDwCM/w4tw7T86r8zZrXXLmMwfwA877F3JTkEM=</latexit> !



Scalar masses

<latexit sha1_base64="FlZn59xiLK95ZfmB1SpGtcKJgJg="></latexit>!
gY Y! !

gD !
"

1 ! ! 2
D!

"<latexit sha1_base64="FlZn59xiLK95ZfmB1SpGtcKJgJg="></latexit>!
gY Y! !

gD !
"

1 ! ! 2
D!

"

<latexit sha1_base64="hmaLnqGO+hhDHqEQ/BmlkmO7j5g=">AAACBHicdVDJSgNBEO1xjXGLesylMQjxMswESfQW9OIxgtnIhKGn0zNp0rPQXSOEIQcv/ooXD4p49SO8+Td2FsH1QcHjvSqq6nmJ4Aos691YWl5ZXVvPbeQ3t7Z3dgt7+y0Vp5KyJo1FLDseUUzwiDWBg2CdRDISeoK1vdHF1G/fMKl4HF3DOGH9kAQR9zkloCW3UMw7gvlQxoHbxV03c5IhnziSB0M4dgslyzyr1Sp2Ff8mtmnNUEILNNzCmzOIaRqyCKggSvVsK4F+RiRwKtgk76SKJYSOSMB6mkYkZKqfzZ6Y4COtDLAfS10R4Jn6dSIjoVLj0NOdIYGh+ulNxb+8Xgr+aT/jUZICi+h8kZ8KDDGeJoIHXDIKYqwJoZLrWzEdEkko6NzyOoTPT/H/pFUx7apZvTop1c8XceRQER2iMrJRDdXRJWqgJqLoFt2jR/Rk3BkPxrPxMm9dMhYzB+gbjNcP4ceXrA==</latexit>

(gY Y! )
<latexit sha1_base64="hmaLnqGO+hhDHqEQ/BmlkmO7j5g=">AAACBHicdVDJSgNBEO1xjXGLesylMQjxMswESfQW9OIxgtnIhKGn0zNp0rPQXSOEIQcv/ooXD4p49SO8+Td2FsH1QcHjvSqq6nmJ4Aos691YWl5ZXVvPbeQ3t7Z3dgt7+y0Vp5KyJo1FLDseUUzwiDWBg2CdRDISeoK1vdHF1G/fMKl4HF3DOGH9kAQR9zkloCW3UMw7gvlQxoHbxV03c5IhnziSB0M4dgslyzyr1Sp2Ff8mtmnNUEILNNzCmzOIaRqyCKggSvVsK4F+RiRwKtgk76SKJYSOSMB6mkYkZKqfzZ6Y4COtDLAfS10R4Jn6dSIjoVLj0NOdIYGh+ulNxb+8Xgr+aT/jUZICi+h8kZ8KDDGeJoIHXDIKYqwJoZLrWzEdEkko6NzyOoTPT/H/pFUx7apZvTop1c8XceRQER2iMrJRDdXRJWqgJqLoFt2jR/Rk3BkPxrPxMm9dMhYzB+gbjNcP4ceXrA==</latexit>

(gY Y! )

<latexit sha1_base64="ES6IXJz5YHrqZN1JRoyyLPd6N1g=">AAACJHicdVDJSgNBEO2JW4xb1KOXxiDES5gJkihegl48RjAbmTj0dHqSJj0L3TVCGPIxXvwVLx5c8ODFb7GzCNHog4LHe1VU1XMjwRWY5oeRWlpeWV1Lr2c2Nre2d7K7e3UVxpKyGg1FKJsuUUzwgNWAg2DNSDLiu4I13MHl2G/cMal4GNzAMGIdn/QC7nFKQEtO9jyDbcE8yOOe08ItJ7GjPh/Zkvf6cHxbXDDVnOlkc2bhrFwuWiW8SKyCOUEOzVB1sq92N6SxzwKggijVtswIOgmRwKlgo4wdKxYROiA91tY0ID5TnWTy5AgfaaWLvVDqCgBP1PmJhPhKDX1Xd/oE+uq3Nxb/8toxeKedhAdRDCyg00VeLDCEeJwY7nLJKIihJoRKrm/FtE8koaBzzegQvj/F/5N6sWCVCqXrk1zlYhZHGh2gQ5RHFiqjCrpCVVRDFN2jR/SMXowH48l4M96nrSljNrOPfsD4/ALhPqPV</latexit>

(gY Y! )2 (gY Y" )2

<latexit sha1_base64="L/34qCOx1fzfgiDcHC3k1zJ80Zw="></latexit>

! (gY Y! )2
!

gY Y" "
gD !

#
1 " ! 2

D"

" 2

<latexit sha1_base64="sOcBh8C+zhUY/x/um2HzPcaUMyM="></latexit>

! !
B

÷" mess

B



Sfermion spectrum

<latexit sha1_base64="ntDYTyRVukU3pTGOweY4ftyCKkY="></latexit>

m2
÷! L

(! ) =
!

!

÷M 2
�K�2�b�b�-�k

"
3g4

2

8
+ g2

1Y 2
÷! L

#
g1Y! !

gD !D!"
1 ! ! 2

$ 2
%

,

<latexit sha1_base64="ViB0q0Kig532mN2Sf+FHR3nrmNQ="></latexit>

m2
÷eR

(! ) =
!

!

÷M 2
�K�2�b�b�-�k

"

g2
1

#
g1Y! !

gD !D!"
1 ! ! 2

$ 2
%

,

<latexit sha1_base64="1wU7iS8jx9vh/MC517etKevjsAw="></latexit>

m2
÷eR

(! ) =
!

!

÷M 2
�K�2�b�b�-�k

"

g2
1Y 2

÷eR

#
g1Y! !

gD !D!"
1 ! ! 2

$ 2
%

,

<latexit sha1_base64="ntDYTyRVukU3pTGOweY4ftyCKkY="></latexit>

m2
÷! L

(! ) =
!

!

÷M 2
�K�2�b�b�-�k

"
3g4

2

8
+ g2

1Y 2
÷! L

#
g1Y! !

gD !D!"
1 ! ! 2

$ 2
%

,

<latexit sha1_base64="ntDYTyRVukU3pTGOweY4ftyCKkY="></latexit>

m2
÷! L

(! ) =
!

!

÷M 2
�K�2�b�b�-�k

"
3g4

2

8
+ g2

1Y 2
÷! L

#
g1Y! !

gD !D!"
1 ! ! 2

$ 2
%

,

<latexit sha1_base64="1wU7iS8jx9vh/MC517etKevjsAw="></latexit>

m2
÷eR

(! ) =
!

!

÷M 2
�K�2�b�b�-�k

"

g2
1Y 2

÷eR

#
g1Y! !

gD !D!"
1 ! ! 2

$ 2
%

,

<latexit sha1_base64="QAYZXu683HjEDPjhRxcClOCOfvg=">AAACCHicdVDJSgNBEO1xjXEb9ejBxiB4McwESfQgBL148BDBLJIJQ0+nJmnSs9DdI4Rhjl78FS8eFPHqJ3jzb+wsguuDgsd7VVTV82LOpLKsd2Nmdm5+YTG3lF9eWV1bNzc2GzJKBIU6jXgkWh6RwFkIdcUUh1YsgAQeh6Y3OBv5zRsQkkXhlRrG0AlIL2Q+o0RpyTV3rt3UUYx3IXWA88y9yE4OHF8QmtpZWspcs2AVjyuVkl3Gv4ldtMYooClqrvnmdCOaBBAqyomUbduKVSclQjHKIcs7iYSY0AHpQVvTkAQgO+n4kQzvaaWL/UjoChUeq18nUhJIOQw83RkQ1Zc/vZH4l9dOlH/USVkYJwpCOlnkJxyrCI9SwV0mgCo+1IRQwfStmPaJTkHp7PI6hM9P8f+kUSra5WL58rBQPZ3GkUPbaBftIxtVUBWdoxqqI4pu0T16RE/GnfFgPBsvk9YZYzqzhb7BeP0Ajt+aWw==</latexit>

Y÷! L
= !

1
2

<latexit sha1_base64="7fuDHPTNj0JJzwTPUP8BWNtXKvk=">AAAB+3icdVDJSgNBEO2JW4zbGI9eGoPgxWEmSKIHIejFYxSzSDIMPZ1K0qRnobtHDMP8ihcPinj1R7z5N3YWwfVBweO9Kqrq+TFnUtn2u5FbWFxaXsmvFtbWNza3zO1iU0aJoNCgEY9E2ycSOAuhoZji0I4FkMDn0PJH5xO/dQtCsii8VuMY3IAMQtZnlCgteWbxxku7ivEepJB5V9npoeOZJds6qVbLTgX/Jo5lT1FCc9Q9863bi2gSQKgoJ1J2HDtWbkqEYpRDVugmEmJCR2QAHU1DEoB00+ntGd7XSg/3I6ErVHiqfp1ISSDlOPB1Z0DUUP70JuJfXidR/WM3ZWGcKAjpbFE/4VhFeBIE7jEBVPGxJoQKpm/FdEgEoUrHVdAhfH6K/yfNsuVUrMrlUal2No8jj3bRHjpADqqiGrpAddRAFN2he/SInozMeDCejZdZa86Yz+ygbzBePwAvkZSR</latexit>

Y÷eR = ! 1



Dark photino/ Bino masses

<latexit sha1_base64="/LciiAUTCuLK72PgZzxivOxUmvQ="></latexit>

M D =
!

!

g2
D D 2

!
÷M �K�2�b�b�-�R,

M K =
!

!

gD D!

"
g1Y! !

gD !D!"
1 ! ! 2

#
÷M �K�2�b�b�-�R,

M 1 =
!

!

"
g1Y! !

gD !D!"
1 ! ! 2

# 2
÷M �K�2�b�b�-�R,

<latexit sha1_base64="EUL4jtxZbT3zLiZakuq0LcLxhdg="></latexit>

M 2! 2
÷N

=
!

M D M K

M K M 1

"

<latexit sha1_base64="PdFk79O8oz1eGE9L8tHVhb7NqMA="></latexit>

! mess

÷! mess



<latexit sha1_base64="w/ReBOXoZHi2eUxSKZf40x2hIkE="></latexit>!

"
"
"
"
#

M D M K 0 0 0
M K M 1 0 ! c! sW mZ s! sW mZ

0 0 M 2 c! cW mZ ! s! cW mZ

0 ! c! sW mZ c! cW mZ 0 ! µ
0 s! sW mZ ! s! cW mZ ! µ 0

$

%
%
%
%
&

<latexit sha1_base64="wsjk2ChDcZKoVjWQUMG2LK8LWUA=">AAACSnicjVDLSgMxFM3UqrW+Rl26CRbFVZmqVJelbrqsYB/QF5nMbRvMZIYkI5Zhvs+NK3d+hBsXirgxfaCtKHghcO45994cjhtyprTjPFmppfTyympmLbu+sbm1be/s1lUQSQo1GvBANl2igDMBNc00h2Yogfguh4Z7cznWG7cgFQvEtR6F0PHJQLA+o0QbqmeTtgsDJuLQJ1qyuyTb1ox7EDcTfIRnuDyHG0n39LurJD2v6yz0kenbILyviz07V8g7k8J/gxyaVbVnP7a9gEY+CE05UapVcELdiYnUjHIwDiMFIaE3ZAAtAwXxQXXiSRQJPjSMh/uBNE9oPGHnN2LiKzXyXTNp/A3VT21M/qa1It2/6MRMhJEGQacf9SOOdYDHuWKPSaCajwwgVDLjFdMhkYRqk372fyHUT/KFYr54dZYrlWdxZNA+OkDHqIDOUQlVUBXVEEX36Bm9ojfrwXqx3q2P6WjKmu3soYVKpT8BGTKy9w==</latexit>!
÷X ÷B ÷W 3 ÷H 0

d
÷H 0

u

"

Neutralino mass matrix



<latexit sha1_base64="4pQLbVGNK9iWbZvYuyAdIkN+SMI="></latexit>!
! e! !

"2

1 " "2

g2
D

4#

"

EW breaking condition

<latexit sha1_base64="ZU+2+5gAwaZHM5eja7O/RgfVEtI="></latexit>

|µ(! e! )|2 = !
m2

Z

2
!

m2
H u

(! e! ) + m2
H d

(! e! )

2
+

m2
H u

(! e! ) ! m2
H d

(! e! )

2 cos(2" )
.

<latexit sha1_base64="jrwcRXhpKzKsRIBC9lHZKmLQ1Qg="></latexit>

V ! (|µ|2 + m2
H u

)|H 0
u |2 + ( |µ|2 + m2

H d
)|H 0

d |2



<latexit sha1_base64="pVLxslzYZzxJLvxKBsEgpCRniYc="></latexit>

|µ(! e! )|2 = !
m2

Z

2
!

m2
H u

+ m2
H d

2
+

m2
H u

! m2
H d

2 cos(2" )
.



<latexit sha1_base64="wsjk2ChDcZKoVjWQUMG2LK8LWUA=">AAACSnicjVDLSgMxFM3UqrW+Rl26CRbFVZmqVJelbrqsYB/QF5nMbRvMZIYkI5Zhvs+NK3d+hBsXirgxfaCtKHghcO45994cjhtyprTjPFmppfTyympmLbu+sbm1be/s1lUQSQo1GvBANl2igDMBNc00h2Yogfguh4Z7cznWG7cgFQvEtR6F0PHJQLA+o0QbqmeTtgsDJuLQJ1qyuyTb1ox7EDcTfIRnuDyHG0n39LurJD2v6yz0kenbILyviz07V8g7k8J/gxyaVbVnP7a9gEY+CE05UapVcELdiYnUjHIwDiMFIaE3ZAAtAwXxQXXiSRQJPjSMh/uBNE9oPGHnN2LiKzXyXTNp/A3VT21M/qa1It2/6MRMhJEGQacf9SOOdYDHuWKPSaCajwwgVDLjFdMhkYRqk372fyHUT/KFYr54dZYrlWdxZNA+OkDHqIDOUQlVUBXVEEX36Bm9ojfrwXqx3q2P6WjKmu3soYVKpT8BGTKy9w==</latexit>!
÷X ÷B ÷W 3 ÷H 0

d
÷H 0

u

"

Neutralino mass matrix

<latexit sha1_base64="w/ReBOXoZHi2eUxSKZf40x2hIkE="></latexit>!

"
"
"
"
#

M D M K 0 0 0
M K M 1 0 ! c! sW mZ s! sW mZ

0 0 M 2 c! cW mZ ! s! cW mZ

0 ! c! sW mZ c! cW mZ 0 ! µ
0 s! sW mZ ! s! cW mZ ! µ 0

$

%
%
%
%
&



<latexit sha1_base64="Ft3jeM44kL9PDN3LShkIaIfu7+w=">AAACCHicjVDLSsNAFJ3UV62vqEsXDhYhgVKSKtVlsS5cuKhoaqUNYTKdtEMnD2YmQglduvFX3LhQxK2f4M6/cfpYqCh44HIP59zLzD1+wqiQlvWh5ebmFxaX8suFldW19Q19c6sp4pRj4uCYxbzlI0EYjYgjqWSklXCCQp+Ra39QH/vXt4QLGkdXcpgQN0S9iAYUI6kkT981Lh3jwPTqJdUrpndecgzb9G6m7dT09KJdtiaAf5MimKHh6e+dbozTkEQSMyRE27YS6WaIS4oZGRU6qSAJwgPUI21FIxQS4WaTQ0ZwXyldGMRcVSThRP26kaFQiGHoq8kQyb746Y3F37x2KoNjN6NRkkoS4elDQcqgjOE4FdilnGDJhoogzKn6K8R9xBGWKrvC/0JoVsp2tVy9OCzWTmZx5MEO2AMGsMERqIEz0AAOwOAOPIAn8Kzda4/ai/Y6Hc1ps51t8A3a2yfbPpVx</latexit>

(SU(3)C , SU(2)L , U(1)Y , U(1)D )
<latexit sha1_base64="SRXphBJgFtqjFVZRcrgwHrNJGMI=">AAACFXicjZDLSgMxFIYz9VbrrerSTbAoFcZ2UqW6KRTduKxgL9ApQyZN29BMZkgyQhn6Em58FTcuFHEruPNtTC8LFQUPhPx8/zmc5PcjzpR2nA8rtbC4tLySXs2srW9sbmW3dxoqjCWhdRLyULZ8rChngtY105y2Iklx4HPa9IeXE795S6ViobjRo4h2AtwXrMcI1gZ5WfvQrSnmoUr+xEb2MSqa68h1MzNcquSRXbIhKpYMznjZHCo404J/ixyYV83LvrvdkMQBFZpwrFQbOZHuJFhqRjgdZ9xY0QiTIe7TtpECB1R1kumvxvDAkC7shdIcoeGUfp1IcKDUKPBNZ4D1QP30JvA3rx3r3nknYSKKNRVktqgXc6hDOIkIdpmkRPOREZhIZt4KyQBLTLQJ8p8hNEoFVC6Ur09z1Yt5HGmwB/ZBHiBwBqrgCtRAHRBwBx7AE3i27q1H68V6nbWmrPnMLvhW1tsnC86YeQ==</latexit>

! 1 = (3 , 1, ! 1/ 3, 1)

! 2 = (1 , 2, 1/ 2, 1)



<latexit sha1_base64="Ft3jeM44kL9PDN3LShkIaIfu7+w=">AAACCHicjVDLSsNAFJ3UV62vqEsXDhYhgVKSKtVlsS5cuKhoaqUNYTKdtEMnD2YmQglduvFX3LhQxK2f4M6/cfpYqCh44HIP59zLzD1+wqiQlvWh5ebmFxaX8suFldW19Q19c6sp4pRj4uCYxbzlI0EYjYgjqWSklXCCQp+Ra39QH/vXt4QLGkdXcpgQN0S9iAYUI6kkT981Lh3jwPTqJdUrpndecgzb9G6m7dT09KJdtiaAf5MimKHh6e+dbozTkEQSMyRE27YS6WaIS4oZGRU6qSAJwgPUI21FIxQS4WaTQ0ZwXyldGMRcVSThRP26kaFQiGHoq8kQyb746Y3F37x2KoNjN6NRkkoS4elDQcqgjOE4FdilnGDJhoogzKn6K8R9xBGWKrvC/0JoVsp2tVy9OCzWTmZx5MEO2AMGsMERqIEz0AAOwOAOPIAn8Kzda4/ai/Y6Hc1ps51t8A3a2yfbPpVx</latexit>

(SU(3)C , SU(2)L , U(1)Y , U(1)D )
<latexit sha1_base64="qL+gqdaHE+M3mzM7nFOjWw2Jdc4=">AAAB/XicjVDJSgNBFHwTtxi3cbl5aQxKhBBnokQvQtCLxwhmgWQYejo9SZOehe4eIQ7BX/HiQRGv/oc3/8bOclBRsOBBUfUerygv5kwqy/owMnPzC4tL2eXcyura+oa5udWQUSIIrZOIR6LlYUk5C2ldMcVpKxYUBx6nTW9wOfabt1RIFoU3ahhTJ8C9kPmMYKUl19w56NQkc+3zwnGxXLSPKkX7MOeaebtkTYD+JnmYoeaa751uRJKAhopwLGXbtmLlpFgoRjgd5TqJpDEmA9yjbU1DHFDppJP0I7SvlS7yI6EnVGiifr1IcSDlMPD0ZoBVX/70xuJvXjtR/pmTsjBOFA3J9JGfcKQiNK4CdZmgRPGhJpgIprMi0scCE6UL+2cJjXLJrpQq1yf56sWsjizswh4UwIZTqMIV1KAOBO7gAZ7g2bg3Ho0X43W6mjFmN9vwDcbbJ30Kkgc=</latexit>

! 1 = (3 , 2, 1/ 6, 1)

<latexit sha1_base64="EUL4jtxZbT3zLiZakuq0LcLxhdg="></latexit>

M 2! 2
÷N

=
!

M D M K

M K M 1

"

<latexit sha1_base64="mhUWREX0tbPR9YR0tVg6bhGofcQ=">AAACHXicjVDLSgNBEJz1bXytevQyGARPYRNC9CKIevCiKJgHZNcwO+lNhsw+mOkVwrI/4sVf8eJBEQ9exL9xEnNQUbBgoLqqm54uP5FCo+O8W1PTM7Nz8wuLhaXlldU1e32joeNUcajzWMaq5TMNUkRQR4ESWokCFvoSmv7geOQ3b0BpEUdXOEzAC1kvEoHgDI3UsatuyLCvwuwEMHclBNg+62QuCtmF7DzPr7OKKULQtJK7SvT66B04HbtYLjlj0L9JkUxw0bFf3W7M0xAi5JJp3S47CXoZUyi4hLzgphoSxgesB21DI2YWetn4upzuGKVLg1iZFyEdq18nMhZqPQx90zm6Rf/0RuJvXjvFYN/LRJSkCBH/XBSkkmJMR1HRrlDAUQ4NYVwJ81fK+0wxjibQwv9CaFRK5VqpdlktHh5N4lggW2Sb7JIy2SOH5JRckDrh5Jbck0fyZN1ZD9az9fLZOmVNZjbJN1hvH/l9oxE=</latexit>

Det
!
M 2! 2

÷N

"
= 0



Higgs decays



Fractionally charged particles



Summary

• Dark GMSB can significantly affect the spectra of supersymmetric particles


Future Higgs factory 


Fractionally charged particles (Heavy messenger)


Thank you!



Heavy Higgs spectrum

<latexit sha1_base64="SEGC8Jn8Ufh4FSXQ9G/Yl/tqoYI="></latexit>

m2
H ± ,H 0 ,A 0 !

3y2
t

4! 2 m2
÷t (" e! )

!
ln

M �K�2�b�b

m÷t (" e! )
+

3
2

" !
1 "

1
cos(2#)

"

<latexit sha1_base64="25XVUahSx4CcGoq9S78r4bTaH70="></latexit>

m2
H u

(! e! )|m ÷t
= m2

H u
(! e! )|M �K�2�b�b!

3y2
t

4" 2 m2
÷t (! e! )

!
ln

M �K�2�b�b

m÷t (! e! )
+

3
2

"

<latexit sha1_base64="lRU/t+0gKCf4G6IQd2TB9BXpLFw="></latexit>

m2
A 0 (! e! ) = 2 |µ�2�z(! e! )|2 + m2

H u
(! e! ) + m2

H d
(! e! )



<latexit sha1_base64="GLrl59ewzgD9kAM7mgduJm1qPD4="></latexit>

L !
!

d2!
"

1
4

öWB öWB +
1
4

öWX öWX +
"
2

öWB öWX

#
+ h.c.

Gauge bosons:

Gauginos :
<latexit sha1_base64="dIHUVvXPdinf1ED652bR8gy1Erw="></latexit>

öWB = öWB /
!

1 ! ! 2 and öWX = öWX ! ! öWB /
!

1 ! ! 2

<latexit sha1_base64="7Z47PICa2LJo7vS4wdWPv7guDbg=">AAACL3icjVDLSsNAFJ34rPUVdelmsAhuLImU6rJUEJcVbBtoYphMJ+3QySTMTIQS8kdu/JVuRBRx6184fVCtKHjgwuGcc5m5J0gYlcqyno2l5ZXVtfXCRnFza3tn19zbb8k4FZg0ccxi4QRIEkY5aSqqGHESQVAUMNIOBpdjv31PhKQxv1XDhHgR6nEaUoyUlnzzCp66oUA4s/OsksO6n7lR6vJU07s5XYg484jzlfDNkl22JoB/kxKYoeGbI7cb4zQiXGGGpOzYVqK8DAlFMSN50U0lSRAeoB7paMpRRKSXTe7N4bFWujCMhR6u4ET9vpGhSMphFOhkhFRf/vTG4m9eJ1XhhZdRnqSKcDx9KEwZVDEclwe7VBCs2FAThAXVf4W4j3Q3Sldc/F8JrbOyXS1XbyqlWn1WRwEcgiNwAmxwDmrgGjRAE2DwAEbgBbwaj8aT8Wa8T6NLxmznACzA+PgE5xWpqw==</latexit>

!
1
4

Bµ! B µ ! !
1
4

X µ! X µ !

<latexit sha1_base64="NEit+Qa6KfIwmM1UIQDsZaMj8QE=">AAACXHiclVHLSgMxFM2MVfvwURXcuAkWQRBKK6IupW5cVrC20GnLncztGExmhiQjlGF+0l03/oqmD6iKgl4InJxHEk78RHBtGo2p464V1jc2i6VyZWt7Z7e6t/+o41Qx7LBYxKrng0bBI+wYbgT2EoUgfYFd//l2pndfUGkeRw9mkuBAQhjxMWdgLDWqasqpZ7gIMGvlQy+AMERFPc1DCcPMk2lOvQSU4SBGdrfyls9Wyd4/kr28PKrWmvXGfOjvoEaW0x5VX70gZqnEyDABWvebjcQMstnhTGBe9lKNCbBnCLFvYQQS9SCbl5PTE8sEdBwruyJD5+znRAZS64n0rVOCedLftRn5k9ZPzfh6kPEoSQ1GbHHROBXUxHTWNA24QmbExAJgitu3UvYECpix//HHEh7P683L+uX9Re2mtayjSI7IMTklTXJFbsgdaZMOYWRK3p2iU3Le3IJbcbcXVtdZZg7Il3EPPwCvL7Zw</latexit>

i ÷B   ! µ " µ ÷B + i ÷X   ! µ " µ ÷X

<latexit sha1_base64="vFTo4MhZEX3+R4nGfdfWhSIE/dY="></latexit>

! öX
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"
=
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$
%

1
!

1 " ! 2
0

"
!

!
1 " ! 2
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&

'
(

!
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" ! öX
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"



<latexit sha1_base64="OaOLFZQzaaC81/cl/0EOStfX5Rg="></latexit>

m2
h0 (! ) ! m2

Z cos2 2" +
3m4

t

4#2v2 ln
!

M 2
s (! )
m2

t

"

SM Higgs mass

<latexit sha1_base64="2EumMnDScRA/X4uq2gMfrbIiCyo="></latexit>

M s(! ) =
!

m÷t 1
(! )m÷t 2

(! )

<latexit sha1_base64="Lvtyh9UPj9+ZUKTIbL37SJfvXTk="></latexit>

! m2
h0

(") !
17m4

t

64#2v2

!

!
g2

1ge" D! (" 2g1Y! + ge" D! )
!

!
g4

3


