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•  Supersymmetry - one of the most attractive 
extensions of the SM 

• Discovery of SUSY particles, their properties - 
among the main topics at the LHC

Introduction



Supersymmetry
• What is supersymmetry ?  

SUSY is a global symmetry that transforms fermions and bosons into 
each other by spin-1/2 carrying supercharges 

• SUSY algebra — commutation and anticommutation 

                        

       Supermultiplets 

• Supersymmetry — a broken symmetry 

     

Particles (R-parity = +1)

Sparticles (R-parity = -1)

Msparticles �Mparticles ⇠ Ms
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• What is MSSM ? 

MSSM — a SUSY extension of the SM fields  

(with two Higgs doublets) 

+ a Higgs 

MSSM

µ
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-term + SUSY breaking soft terms

+ R-parity conservation

LMSSM = LSUPER�SM + L(µ) + LSOFT
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• Why does one need SUSY and MSSM ? 

Radiative corrections - Higgs mass and VEV run 
away to the next higher scale,  

EW scale ( 

SUSY stabilises it - fermion boson cancellation 

• MSSM - natural, radiatively stable theory (

MSSM

MGUT
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) - radiatively unstable

Ms <
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a few TeV)



MSSM Superpotential

R-parity conserving

W = huQU cHu + hdQDcHd + heLE
cHd + µHuHd

<latexit sha1_base64="f/W7aB1h7cYiQzQJKEUoQm054k8=">AAACI3icbVDLSgMxFM34rPU16tJNsBUEocx0oyJCQYUuXLTg2EI7DplMpg3NPEgyQhn6MW78FTcutLhx4b+YmVbR1gsh55x7Lsk9bsyokIbxoS0sLi2vrBbWiusbm1vb+s7unYgSjomFIxbxtosEYTQklqSSkXbMCQpcRlru4DLrtx4IFzQKb+UwJnaAeiH1KUZSSY5+Xm7BC9h3Eti07nFd3ceKebB5lTEvZwTeXH+zbpDAzKVY2dFLRsXIC/4AcxaUwLQajj7uehFOAhJKzJAQHdOIpZ0iLilmZFTsJoLECA9Qj3QUDFFAhJ3mS47goVI86EdcnVDCXP09kaJAiGHgKmeAZF/M9jLxv14nkf6pndIwTiQJ8eQhP2FQRjBLDHqUEyzZUAGEOVV/hbiPOMJS5VpUIcytPA+sauWsYjarpZoxTaMA9sEBOAImOAE1UAcNYAEMHsEzeAVv2pP2oo2194l1QZvO7IE/pX1+AXRWn/A=</latexit><latexit sha1_base64="f/W7aB1h7cYiQzQJKEUoQm054k8=">AAACI3icbVDLSgMxFM34rPU16tJNsBUEocx0oyJCQYUuXLTg2EI7DplMpg3NPEgyQhn6MW78FTcutLhx4b+YmVbR1gsh55x7Lsk9bsyokIbxoS0sLi2vrBbWiusbm1vb+s7unYgSjomFIxbxtosEYTQklqSSkXbMCQpcRlru4DLrtx4IFzQKb+UwJnaAeiH1KUZSSY5+Xm7BC9h3Eti07nFd3ceKebB5lTEvZwTeXH+zbpDAzKVY2dFLRsXIC/4AcxaUwLQajj7uehFOAhJKzJAQHdOIpZ0iLilmZFTsJoLECA9Qj3QUDFFAhJ3mS47goVI86EdcnVDCXP09kaJAiGHgKmeAZF/M9jLxv14nkf6pndIwTiQJ8eQhP2FQRjBLDHqUEyzZUAGEOVV/hbiPOMJS5VpUIcytPA+sauWsYjarpZoxTaMA9sEBOAImOAE1UAcNYAEMHsEzeAVv2pP2oo2194l1QZvO7IE/pX1+AXRWn/A=</latexit><latexit sha1_base64="f/W7aB1h7cYiQzQJKEUoQm054k8=">AAACI3icbVDLSgMxFM34rPU16tJNsBUEocx0oyJCQYUuXLTg2EI7DplMpg3NPEgyQhn6MW78FTcutLhx4b+YmVbR1gsh55x7Lsk9bsyokIbxoS0sLi2vrBbWiusbm1vb+s7unYgSjomFIxbxtosEYTQklqSSkXbMCQpcRlru4DLrtx4IFzQKb+UwJnaAeiH1KUZSSY5+Xm7BC9h3Eti07nFd3ceKebB5lTEvZwTeXH+zbpDAzKVY2dFLRsXIC/4AcxaUwLQajj7uehFOAhJKzJAQHdOIpZ0iLilmZFTsJoLECA9Qj3QUDFFAhJ3mS47goVI86EdcnVDCXP09kaJAiGHgKmeAZF/M9jLxv14nkf6pndIwTiQJ8eQhP2FQRjBLDHqUEyzZUAGEOVV/hbiPOMJS5VpUIcytPA+sauWsYjarpZoxTaMA9sEBOAImOAE1UAcNYAEMHsEzeAVv2pP2oo2194l1QZvO7IE/pX1+AXRWn/A=</latexit><latexit sha1_base64="f/W7aB1h7cYiQzQJKEUoQm054k8=">AAACI3icbVDLSgMxFM34rPU16tJNsBUEocx0oyJCQYUuXLTg2EI7DplMpg3NPEgyQhn6MW78FTcutLhx4b+YmVbR1gsh55x7Lsk9bsyokIbxoS0sLi2vrBbWiusbm1vb+s7unYgSjomFIxbxtosEYTQklqSSkXbMCQpcRlru4DLrtx4IFzQKb+UwJnaAeiH1KUZSSY5+Xm7BC9h3Eti07nFd3ceKebB5lTEvZwTeXH+zbpDAzKVY2dFLRsXIC/4AcxaUwLQajj7uehFOAhJKzJAQHdOIpZ0iLilmZFTsJoLECA9Qj3QUDFFAhJ3mS47goVI86EdcnVDCXP09kaJAiGHgKmeAZF/M9jLxv14nkf6pndIwTiQJ8eQhP2FQRjBLDHqUEyzZUAGEOVV/hbiPOMJS5VpUIcytPA+sauWsYjarpZoxTaMA9sEBOAImOAE1UAcNYAEMHsEzeAVv2pP2oo2194l1QZvO7IE/pX1+AXRWn/A=</latexit>

R-parity violating

W = �00DcU cU c + �0QDcL+ �LLEc + µlHuL
<latexit sha1_base64="I6FBUHhWC9RyDzWZOmjSpr2XYLA="></latexit><latexit sha1_base64="I6FBUHhWC9RyDzWZOmjSpr2XYLA="></latexit><latexit sha1_base64="I6FBUHhWC9RyDzWZOmjSpr2XYLA="></latexit><latexit sha1_base64="I6FBUHhWC9RyDzWZOmjSpr2XYLA="></latexit>



MSSM soft SUSY breaking terms

Scalar masses:

   B-terms:

Trilinear scalar couplings (A-terms): AijHu/dq̃
i
Lq̃

j
R

<latexit sha1_base64="SRi/MYMlamSCTh9hCH1/65KvaT8=">AAACFnicbVC7TsMwFHXKq5RXgJHFokViCkkXYCti6cBQEKGV2hA5jtO6dR7YDlIV5S9Y+BUWBkCsiI2/wX0MpeVIVzo+51753uMljAppmj9aYWl5ZXWtuF7a2Nza3tF39+5EnHJMbByzmLc8JAijEbEllYy0Ek5Q6DHS9AaXI7/5SLigcXQrhwlxQtSNaEAxkkpydaNy4Wa0n8O6m6Unfg6zjqTMJ/Ahv6fu1eyz795UXL1sGuYYcJFYU1IGUzRc/bvjxzgNSSQxQ0K0LTORToa4pJiRvNRJBUkQHqAuaSsaoZAIJxvflcMjpfgwiLmqSMKxOjuRoVCIYeipzhDJnpj3RuJ/XjuVwZmT0ShJJYnw5KMgZVDGcBQS9CknWLKhIghzqnaFuIc4wlJFWVIhWPMnLxK7apwb1nW1XDOnaRTBATgEx8ACp6AG6qABbIDBE3gBb+Bde9ZetQ/tc9Ja0KYz++APtK9fG6Geyg==</latexit><latexit sha1_base64="SRi/MYMlamSCTh9hCH1/65KvaT8=">AAACFnicbVC7TsMwFHXKq5RXgJHFokViCkkXYCti6cBQEKGV2hA5jtO6dR7YDlIV5S9Y+BUWBkCsiI2/wX0MpeVIVzo+51753uMljAppmj9aYWl5ZXWtuF7a2Nza3tF39+5EnHJMbByzmLc8JAijEbEllYy0Ek5Q6DHS9AaXI7/5SLigcXQrhwlxQtSNaEAxkkpydaNy4Wa0n8O6m6Unfg6zjqTMJ/Ahv6fu1eyz795UXL1sGuYYcJFYU1IGUzRc/bvjxzgNSSQxQ0K0LTORToa4pJiRvNRJBUkQHqAuaSsaoZAIJxvflcMjpfgwiLmqSMKxOjuRoVCIYeipzhDJnpj3RuJ/XjuVwZmT0ShJJYnw5KMgZVDGcBQS9CknWLKhIghzqnaFuIc4wlJFWVIhWPMnLxK7apwb1nW1XDOnaRTBATgEx8ACp6AG6qABbIDBE3gBb+Bde9ZetQ/tc9Ja0KYz++APtK9fG6Geyg==</latexit><latexit sha1_base64="SRi/MYMlamSCTh9hCH1/65KvaT8=">AAACFnicbVC7TsMwFHXKq5RXgJHFokViCkkXYCti6cBQEKGV2hA5jtO6dR7YDlIV5S9Y+BUWBkCsiI2/wX0MpeVIVzo+51753uMljAppmj9aYWl5ZXWtuF7a2Nza3tF39+5EnHJMbByzmLc8JAijEbEllYy0Ek5Q6DHS9AaXI7/5SLigcXQrhwlxQtSNaEAxkkpydaNy4Wa0n8O6m6Unfg6zjqTMJ/Ahv6fu1eyz795UXL1sGuYYcJFYU1IGUzRc/bvjxzgNSSQxQ0K0LTORToa4pJiRvNRJBUkQHqAuaSsaoZAIJxvflcMjpfgwiLmqSMKxOjuRoVCIYeipzhDJnpj3RuJ/XjuVwZmT0ShJJYnw5KMgZVDGcBQS9CknWLKhIghzqnaFuIc4wlJFWVIhWPMnLxK7apwb1nW1XDOnaRTBATgEx8ACp6AG6qABbIDBE3gBb+Bde9ZetQ/tc9Ja0KYz++APtK9fG6Geyg==</latexit><latexit sha1_base64="SRi/MYMlamSCTh9hCH1/65KvaT8=">AAACFnicbVC7TsMwFHXKq5RXgJHFokViCkkXYCti6cBQEKGV2hA5jtO6dR7YDlIV5S9Y+BUWBkCsiI2/wX0MpeVIVzo+51753uMljAppmj9aYWl5ZXWtuF7a2Nza3tF39+5EnHJMbByzmLc8JAijEbEllYy0Ek5Q6DHS9AaXI7/5SLigcXQrhwlxQtSNaEAxkkpydaNy4Wa0n8O6m6Unfg6zjqTMJ/Ahv6fu1eyz795UXL1sGuYYcJFYU1IGUzRc/bvjxzgNSSQxQ0K0LTORToa4pJiRvNRJBUkQHqAuaSsaoZAIJxvflcMjpfgwiLmqSMKxOjuRoVCIYeipzhDJnpj3RuJ/XjuVwZmT0ShJJYnw5KMgZVDGcBQS9CknWLKhIghzqnaFuIc4wlJFWVIhWPMnLxK7apwb1nW1XDOnaRTBATgEx8ACp6AG6qABbIDBE3gBb+Bde9ZetQ/tc9Ja0KYz++APtK9fG6Geyg==</latexit>

BµHuHd
<latexit sha1_base64="4gtrCWZfz+89A59L7SWXN/YwbNI=">AAAB+HicbVBNT8JAEJ3iF+JX1aOXjWDiibRc1BvRC0dMrJJA02y3C2zYbpvdLQlp+CdePKjx6k/x5r9xCz0o+JJJXt6bycy8MOVMacf5tiobm1vbO9Xd2t7+weGRfXzyqJJMEuqRhCeyF2JFORPU00xz2kslxXHI6VM4uSv8pymViiXiQc9S6sd4JNiQEayNFNg2atwGgzhDnaCoqBHYdafpLIDWiVuSOpToBvbXIEpIFlOhCcdK9V0n1X6OpWaE03ltkCmaYjLBI9o3VOCYKj9fXD5HF0aJ0DCRpoRGC/X3RI5jpWZxaDpjrMdq1SvE/7x+pofXfs5EmmkqyHLRMONIJ6iIAUVMUqL5zBBMJDO3IjLGEhNtwqqZENzVl9eJ12reNN37Vr3tlGlU4QzO4RJcuII2dKALHhCYwjO8wpuVWy/Wu/WxbK1Y5cwp/IH1+QNwgJG5</latexit><latexit sha1_base64="4gtrCWZfz+89A59L7SWXN/YwbNI=">AAAB+HicbVBNT8JAEJ3iF+JX1aOXjWDiibRc1BvRC0dMrJJA02y3C2zYbpvdLQlp+CdePKjx6k/x5r9xCz0o+JJJXt6bycy8MOVMacf5tiobm1vbO9Xd2t7+weGRfXzyqJJMEuqRhCeyF2JFORPU00xz2kslxXHI6VM4uSv8pymViiXiQc9S6sd4JNiQEayNFNg2atwGgzhDnaCoqBHYdafpLIDWiVuSOpToBvbXIEpIFlOhCcdK9V0n1X6OpWaE03ltkCmaYjLBI9o3VOCYKj9fXD5HF0aJ0DCRpoRGC/X3RI5jpWZxaDpjrMdq1SvE/7x+pofXfs5EmmkqyHLRMONIJ6iIAUVMUqL5zBBMJDO3IjLGEhNtwqqZENzVl9eJ12reNN37Vr3tlGlU4QzO4RJcuII2dKALHhCYwjO8wpuVWy/Wu/WxbK1Y5cwp/IH1+QNwgJG5</latexit><latexit sha1_base64="4gtrCWZfz+89A59L7SWXN/YwbNI=">AAAB+HicbVBNT8JAEJ3iF+JX1aOXjWDiibRc1BvRC0dMrJJA02y3C2zYbpvdLQlp+CdePKjx6k/x5r9xCz0o+JJJXt6bycy8MOVMacf5tiobm1vbO9Xd2t7+weGRfXzyqJJMEuqRhCeyF2JFORPU00xz2kslxXHI6VM4uSv8pymViiXiQc9S6sd4JNiQEayNFNg2atwGgzhDnaCoqBHYdafpLIDWiVuSOpToBvbXIEpIFlOhCcdK9V0n1X6OpWaE03ltkCmaYjLBI9o3VOCYKj9fXD5HF0aJ0DCRpoRGC/X3RI5jpWZxaDpjrMdq1SvE/7x+pofXfs5EmmkqyHLRMONIJ6iIAUVMUqL5zBBMJDO3IjLGEhNtwqqZENzVl9eJ12reNN37Vr3tlGlU4QzO4RJcuII2dKALHhCYwjO8wpuVWy/Wu/WxbK1Y5cwp/IH1+QNwgJG5</latexit><latexit sha1_base64="4gtrCWZfz+89A59L7SWXN/YwbNI=">AAAB+HicbVBNT8JAEJ3iF+JX1aOXjWDiibRc1BvRC0dMrJJA02y3C2zYbpvdLQlp+CdePKjx6k/x5r9xCz0o+JJJXt6bycy8MOVMacf5tiobm1vbO9Xd2t7+weGRfXzyqJJMEuqRhCeyF2JFORPU00xz2kslxXHI6VM4uSv8pymViiXiQc9S6sd4JNiQEayNFNg2atwGgzhDnaCoqBHYdafpLIDWiVuSOpToBvbXIEpIFlOhCcdK9V0n1X6OpWaE03ltkCmaYjLBI9o3VOCYKj9fXD5HF0aJ0DCRpoRGC/X3RI5jpWZxaDpjrMdq1SvE/7x+pofXfs5EmmkqyHLRMONIJ6iIAUVMUqL5zBBMJDO3IjLGEhNtwqqZENzVl9eJ12reNN37Vr3tlGlU4QzO4RJcuII2dKALHhCYwjO8wpuVWy/Wu/WxbK1Y5cwp/IH1+QNwgJG5</latexit>

m̃2q̃⇤q̃
<latexit sha1_base64="M8V0aZGn8EygdA/zNGgxbOqUxbs=">AAACDnicbVC7TsMwFHV4lvIKMLJYtCDEUCVdgK0SC2ORCK3UppXjOK1V2wm2g1RF/QMWfoWFARArMxt/g9sGqbQcydK559yr63uChFGlHefbWlpeWV1bL2wUN7e2d3btvf07FacSEw/HLJbNACnCqCCeppqRZiIJ4gEjjWBwNfYbD0QqGotbPUyIz1FP0IhipI3UtU/KWVtTFhLIR50q/C3uR52zmaLctUtOxZkALhI3JyWQo961v9phjFNOhMYMKdVynUT7GZKaYkZGxXaqSILwAPVIy1CBOFF+NrlnBI+NEsIoluYJDSfq7ESGuFJDHphOjnRfzXtj8T+vlerows+oSFJNBJ4uilIGdQzH4cCQSoI1GxqCsKTmrxD3kURYmwiLJgR3/uRF4lUrlxX3plqqOXkaBXAIjsApcME5qIFrUAcewOARPINX8GY9WS/Wu/UxbV2y8pkD8AfW5w/VEZto</latexit><latexit sha1_base64="M8V0aZGn8EygdA/zNGgxbOqUxbs=">AAACDnicbVC7TsMwFHV4lvIKMLJYtCDEUCVdgK0SC2ORCK3UppXjOK1V2wm2g1RF/QMWfoWFARArMxt/g9sGqbQcydK559yr63uChFGlHefbWlpeWV1bL2wUN7e2d3btvf07FacSEw/HLJbNACnCqCCeppqRZiIJ4gEjjWBwNfYbD0QqGotbPUyIz1FP0IhipI3UtU/KWVtTFhLIR50q/C3uR52zmaLctUtOxZkALhI3JyWQo961v9phjFNOhMYMKdVynUT7GZKaYkZGxXaqSILwAPVIy1CBOFF+NrlnBI+NEsIoluYJDSfq7ESGuFJDHphOjnRfzXtj8T+vlerows+oSFJNBJ4uilIGdQzH4cCQSoI1GxqCsKTmrxD3kURYmwiLJgR3/uRF4lUrlxX3plqqOXkaBXAIjsApcME5qIFrUAcewOARPINX8GY9WS/Wu/UxbV2y8pkD8AfW5w/VEZto</latexit><latexit sha1_base64="M8V0aZGn8EygdA/zNGgxbOqUxbs=">AAACDnicbVC7TsMwFHV4lvIKMLJYtCDEUCVdgK0SC2ORCK3UppXjOK1V2wm2g1RF/QMWfoWFARArMxt/g9sGqbQcydK559yr63uChFGlHefbWlpeWV1bL2wUN7e2d3btvf07FacSEw/HLJbNACnCqCCeppqRZiIJ4gEjjWBwNfYbD0QqGotbPUyIz1FP0IhipI3UtU/KWVtTFhLIR50q/C3uR52zmaLctUtOxZkALhI3JyWQo961v9phjFNOhMYMKdVynUT7GZKaYkZGxXaqSILwAPVIy1CBOFF+NrlnBI+NEsIoluYJDSfq7ESGuFJDHphOjnRfzXtj8T+vlerows+oSFJNBJ4uilIGdQzH4cCQSoI1GxqCsKTmrxD3kURYmwiLJgR3/uRF4lUrlxX3plqqOXkaBXAIjsApcME5qIFrUAcewOARPINX8GY9WS/Wu/UxbV2y8pkD8AfW5w/VEZto</latexit><latexit sha1_base64="M8V0aZGn8EygdA/zNGgxbOqUxbs=">AAACDnicbVC7TsMwFHV4lvIKMLJYtCDEUCVdgK0SC2ORCK3UppXjOK1V2wm2g1RF/QMWfoWFARArMxt/g9sGqbQcydK559yr63uChFGlHefbWlpeWV1bL2wUN7e2d3btvf07FacSEw/HLJbNACnCqCCeppqRZiIJ4gEjjWBwNfYbD0QqGotbPUyIz1FP0IhipI3UtU/KWVtTFhLIR50q/C3uR52zmaLctUtOxZkALhI3JyWQo961v9phjFNOhMYMKdVynUT7GZKaYkZGxXaqSILwAPVIy1CBOFF+NrlnBI+NEsIoluYJDSfq7ESGuFJDHphOjnRfzXtj8T+vlerows+oSFJNBJ4uilIGdQzH4cCQSoI1GxqCsKTmrxD3kURYmwiLJgR3/uRF4lUrlxX3plqqOXkaBXAIjsApcME5qIFrUAcewOARPINX8GY9WS/Wu/UxbV2y8pkD8AfW5w/VEZto</latexit>

Majorana gaugino masses: Mm��
<latexit sha1_base64="N+98wnalaqe5u33dIRVr/4TNfko=">AAAB/XicbVBPS8MwHP11/pvzX1U8eQlugqfR7qLeBl68CBOsG2ylpGm2hSVtSVJhlIFfxYsHFa9+D29+G7Otgm4+CHm893vklxemnCntOF9WaWV1bX2jvFnZ2t7Z3bP3D+5VkklCPZLwRHZCrChnMfU005x2UkmxCDlth6Orqd9+oFKxJL7T45T6Ag9i1mcEayMF9lHtJhCox00iwj93LbCrTt2ZAS0TtyBVKNAK7M9elJBM0FgTjpXquk6q/RxLzQink0ovUzTFZIQHtGtojAVVfj5bf4JOjRKhfiLNiTWaqb8TORZKjUVoJgXWQ7XoTcX/vG6m+xd+zuI00zQm84f6GUc6QdMuUMQkJZqPDcFEMrMrIkMsMdGmsYopwV388jLxGvXLunvbqDadoo0yHMMJnIEL59CEa2iBBwRyeIIXeLUerWfrzXqfj5asInMIf2B9fAP4i5RY</latexit><latexit sha1_base64="N+98wnalaqe5u33dIRVr/4TNfko=">AAAB/XicbVBPS8MwHP11/pvzX1U8eQlugqfR7qLeBl68CBOsG2ylpGm2hSVtSVJhlIFfxYsHFa9+D29+G7Otgm4+CHm893vklxemnCntOF9WaWV1bX2jvFnZ2t7Z3bP3D+5VkklCPZLwRHZCrChnMfU005x2UkmxCDlth6Orqd9+oFKxJL7T45T6Ag9i1mcEayMF9lHtJhCox00iwj93LbCrTt2ZAS0TtyBVKNAK7M9elJBM0FgTjpXquk6q/RxLzQink0ovUzTFZIQHtGtojAVVfj5bf4JOjRKhfiLNiTWaqb8TORZKjUVoJgXWQ7XoTcX/vG6m+xd+zuI00zQm84f6GUc6QdMuUMQkJZqPDcFEMrMrIkMsMdGmsYopwV388jLxGvXLunvbqDadoo0yHMMJnIEL59CEa2iBBwRyeIIXeLUerWfrzXqfj5asInMIf2B9fAP4i5RY</latexit><latexit sha1_base64="N+98wnalaqe5u33dIRVr/4TNfko=">AAAB/XicbVBPS8MwHP11/pvzX1U8eQlugqfR7qLeBl68CBOsG2ylpGm2hSVtSVJhlIFfxYsHFa9+D29+G7Otgm4+CHm893vklxemnCntOF9WaWV1bX2jvFnZ2t7Z3bP3D+5VkklCPZLwRHZCrChnMfU005x2UkmxCDlth6Orqd9+oFKxJL7T45T6Ag9i1mcEayMF9lHtJhCox00iwj93LbCrTt2ZAS0TtyBVKNAK7M9elJBM0FgTjpXquk6q/RxLzQink0ovUzTFZIQHtGtojAVVfj5bf4JOjRKhfiLNiTWaqb8TORZKjUVoJgXWQ7XoTcX/vG6m+xd+zuI00zQm84f6GUc6QdMuUMQkJZqPDcFEMrMrIkMsMdGmsYopwV388jLxGvXLunvbqDadoo0yHMMJnIEL59CEa2iBBwRyeIIXeLUerWfrzXqfj5asInMIf2B9fAP4i5RY</latexit><latexit sha1_base64="N+98wnalaqe5u33dIRVr/4TNfko=">AAAB/XicbVBPS8MwHP11/pvzX1U8eQlugqfR7qLeBl68CBOsG2ylpGm2hSVtSVJhlIFfxYsHFa9+D29+G7Otgm4+CHm893vklxemnCntOF9WaWV1bX2jvFnZ2t7Z3bP3D+5VkklCPZLwRHZCrChnMfU005x2UkmxCDlth6Orqd9+oFKxJL7T45T6Ag9i1mcEayMF9lHtJhCox00iwj93LbCrTt2ZAS0TtyBVKNAK7M9elJBM0FgTjpXquk6q/RxLzQink0ovUzTFZIQHtGtojAVVfj5bf4JOjRKhfiLNiTWaqb8TORZKjUVoJgXWQ7XoTcX/vG6m+xd+zuI00zQm84f6GUc6QdMuUMQkJZqPDcFEMrMrIkMsMdGmsYopwV388jLxGvXLunvbqDadoo0yHMMJnIEL59CEa2iBBwRyeIIXeLUerWfrzXqfj5asInMIf2B9fAP4i5RY</latexit>



• Why is the mechanism of SUSY breaking relevant 
to experiments ?  

• Sparticle spectrum - nature of LSP 

• No. of parameters can be reduced

SUSY breaking



• explicitly add soft SUSY 

• arbitrary, lacks any theoretical explanation 

understand their origin in terms of some kind of 
spontaneous SUSY 

In terms of some high scale VEV  

        

                            

SUSY breaking - theorists’ approach

terms

⇠ ⇤ss
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• If spontaneous SUSY breaking arose from MSSM fields 
themselves- 

• Dimopoulos-Georgi sum rule 
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<latexit sha1_base64="6bRDq3Pd+OhD4fNfylXzHIT4Afw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXrwIFYwW2lg2m0m7dLMJuxuhlP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMCzPBtXHdb6e0srq2vlHerGxt7+zuVfcP7nWaK4Y+S0Wq2iHVKLhE33AjsJ0ppEko8CEcXk39hydUmqfyzowyDBLalzzmjBor+TePjV7Uq9bcujsDWSZeQWpQoNWrfnWjlOUJSsME1brjuZkJxlQZzgROKt1cY0bZkPaxY6mkCepgPDt2Qk6sEpE4VbakITP198SYJlqPktB2JtQM9KI3Ff/zOrmJL4Ixl1luULL5ojgXxKRk+jmJuEJmxMgSyhS3txI2oIoyY/Op2BC8xZeXid+oX9a927Na0y3SKMMRHMMpeHAOTbiGFvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwBpXSODg==</latexit><latexit sha1_base64="6bRDq3Pd+OhD4fNfylXzHIT4Afw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXrwIFYwW2lg2m0m7dLMJuxuhlP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMCzPBtXHdb6e0srq2vlHerGxt7+zuVfcP7nWaK4Y+S0Wq2iHVKLhE33AjsJ0ppEko8CEcXk39hydUmqfyzowyDBLalzzmjBor+TePjV7Uq9bcujsDWSZeQWpQoNWrfnWjlOUJSsME1brjuZkJxlQZzgROKt1cY0bZkPaxY6mkCepgPDt2Qk6sEpE4VbakITP198SYJlqPktB2JtQM9KI3Ff/zOrmJL4Ixl1luULL5ojgXxKRk+jmJuEJmxMgSyhS3txI2oIoyY/Op2BC8xZeXid+oX9a927Na0y3SKMMRHMMpeHAOTbiGFvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwBpXSODg==</latexit><latexit sha1_base64="6bRDq3Pd+OhD4fNfylXzHIT4Afw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXrwIFYwW2lg2m0m7dLMJuxuhlP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMCzPBtXHdb6e0srq2vlHerGxt7+zuVfcP7nWaK4Y+S0Wq2iHVKLhE33AjsJ0ppEko8CEcXk39hydUmqfyzowyDBLalzzmjBor+TePjV7Uq9bcujsDWSZeQWpQoNWrfnWjlOUJSsME1brjuZkJxlQZzgROKt1cY0bZkPaxY6mkCepgPDt2Qk6sEpE4VbakITP198SYJlqPktB2JtQM9KI3Ff/zOrmJL4Ixl1luULL5ojgXxKRk+jmJuEJmxMgSyhS3txI2oIoyY/Op2BC8xZeXid+oX9a927Na0y3SKMMRHMMpeHAOTbiGFvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwBpXSODg==</latexit><latexit sha1_base64="6bRDq3Pd+OhD4fNfylXzHIT4Afw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXrwIFYwW2lg2m0m7dLMJuxuhlP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMCzPBtXHdb6e0srq2vlHerGxt7+zuVfcP7nWaK4Y+S0Wq2iHVKLhE33AjsJ0ppEko8CEcXk39hydUmqfyzowyDBLalzzmjBor+TePjV7Uq9bcujsDWSZeQWpQoNWrfnWjlOUJSsME1brjuZkJxlQZzgROKt1cY0bZkPaxY6mkCepgPDt2Qk6sEpE4VbakITP198SYJlqPktB2JtQM9KI3Ff/zOrmJL4Ixl1luULL5ojgXxKRk+jmJuEJmxMgSyhS3txI2oIoyY/Op2BC8xZeXid+oX9a927Na0y3SKMMRHMMpeHAOTbiGFvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwBpXSODg==</latexit>

Disagrees with experiment!

True for tree level renormalizable couplings
MSSM soft terms arise indirectly or radiatively 

Need a hidden sector
SUSY breaking gets transmitted to the observable sector 
by some mediation mechanism (loops or non-renormalizable operators)

= 0



SUGRA

Hidden sector Observable sector
SUGRA 

interactions 

Consider SUGRA: MHS = MPl
<latexit sha1_base64="1ttin1OmO3oboxLWpx5UVumsWcY=">AAAB93icbZDNSsNAFIVv6l+tP426dDNYBFclEUFdCAU33QgVjS20IUym03boZBJmJkINeRI3LlTc+irufBunbRbaemDg49x7uXdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+0/qDiVhHok5rHshFhRzgT1NNOcdhJJcRRy2g7H19N6+5FKxWJxrycJ9SM8FGzACNbGCuzqTZA173J0hQy0eB7YNafuzISWwS2gBoVagf3V68ckjajQhGOluq6TaD/DUjPCaV7ppYommIzxkHYNChxR5Wezw3N0bJw+GsTSPKHRzP09keFIqUkUms4I65FarE3N/2rdVA8u/IyJJNVUkPmiQcqRjtE0BdRnkhLNJwYwkczcisgIS0y0yapiQnAXv7wM3mn9su7entUaTpFGGQ7hCE7AhXNoQBNa4AGBFJ7hFd6sJ+vFerc+5q0lq5g5gD+yPn8A8suSHw==</latexit><latexit sha1_base64="1ttin1OmO3oboxLWpx5UVumsWcY=">AAAB93icbZDNSsNAFIVv6l+tP426dDNYBFclEUFdCAU33QgVjS20IUym03boZBJmJkINeRI3LlTc+irufBunbRbaemDg49x7uXdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+0/qDiVhHok5rHshFhRzgT1NNOcdhJJcRRy2g7H19N6+5FKxWJxrycJ9SM8FGzACNbGCuzqTZA173J0hQy0eB7YNafuzISWwS2gBoVagf3V68ckjajQhGOluq6TaD/DUjPCaV7ppYommIzxkHYNChxR5Wezw3N0bJw+GsTSPKHRzP09keFIqUkUms4I65FarE3N/2rdVA8u/IyJJNVUkPmiQcqRjtE0BdRnkhLNJwYwkczcisgIS0y0yapiQnAXv7wM3mn9su7entUaTpFGGQ7hCE7AhXNoQBNa4AGBFJ7hFd6sJ+vFerc+5q0lq5g5gD+yPn8A8suSHw==</latexit><latexit sha1_base64="1ttin1OmO3oboxLWpx5UVumsWcY=">AAAB93icbZDNSsNAFIVv6l+tP426dDNYBFclEUFdCAU33QgVjS20IUym03boZBJmJkINeRI3LlTc+irufBunbRbaemDg49x7uXdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+0/qDiVhHok5rHshFhRzgT1NNOcdhJJcRRy2g7H19N6+5FKxWJxrycJ9SM8FGzACNbGCuzqTZA173J0hQy0eB7YNafuzISWwS2gBoVagf3V68ckjajQhGOluq6TaD/DUjPCaV7ppYommIzxkHYNChxR5Wezw3N0bJw+GsTSPKHRzP09keFIqUkUms4I65FarE3N/2rdVA8u/IyJJNVUkPmiQcqRjtE0BdRnkhLNJwYwkczcisgIS0y0yapiQnAXv7wM3mn9su7entUaTpFGGQ7hCE7AhXNoQBNa4AGBFJ7hFd6sJ+vFerc+5q0lq5g5gD+yPn8A8suSHw==</latexit><latexit sha1_base64="1ttin1OmO3oboxLWpx5UVumsWcY=">AAAB93icbZDNSsNAFIVv6l+tP426dDNYBFclEUFdCAU33QgVjS20IUym03boZBJmJkINeRI3LlTc+irufBunbRbaemDg49x7uXdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+0/qDiVhHok5rHshFhRzgT1NNOcdhJJcRRy2g7H19N6+5FKxWJxrycJ9SM8FGzACNbGCuzqTZA173J0hQy0eB7YNafuzISWwS2gBoVagf3V68ckjajQhGOluq6TaD/DUjPCaV7ppYommIzxkHYNChxR5Wezw3N0bJw+GsTSPKHRzP09keFIqUkUms4I65FarE3N/2rdVA8u/IyJJNVUkPmiQcqRjtE0BdRnkhLNJwYwkczcisgIS0y0yapiQnAXv7wM3mn9su7entUaTpFGGQ7hCE7AhXNoQBNa4AGBFJ7hFd6sJ+vFerc+5q0lq5g5gD+yPn8A8suSHw==</latexit>

Ms ⇡ ⇤2
ssM

�1
Pl

<latexit sha1_base64="PD1BhlY2AmEEBMLBLGX0dAfQFTo=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VxY0mKoO4KblxYqGBtoUnDZDJph04yYWYilpA/cOOvuHGh4ta1O//G6QPR1gMDh3Pu4c49fsKoVJb1ZRQWFpeWV4qrpbX1jc0tc3vnVvJUYNLEnHHR9pEkjMakqahipJ0IgiKfkZY/uBj5rTsiJOXxjRomxI1QL6YhxUhpyTMP656EDkoSwe+hc6WDAepWvUzKHNa9rMHybnZs555ZtirWGPCH2LOkDKZoeOanE3CcRiRWmCEpO7aVKDdDQlHMSF5yUkkShAeoRzqaxigi0s3G9+TwQCsBDLnQL1ZwrP5OZCiSchj5ejJCqi9nvZH4n9dJVXjmZjROUkViPFkUpgwqDkflwIAKghUbaoKwoPqvEPeRQFjpCku6hLmT50mzWjmv2Ncn5Zo1baMI9sA+OAI2OAU1cAkaoAkweABP4AW8Go/Gs/FmvE9GC8Y0swv+wPj4Bogem90=</latexit><latexit sha1_base64="PD1BhlY2AmEEBMLBLGX0dAfQFTo=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VxY0mKoO4KblxYqGBtoUnDZDJph04yYWYilpA/cOOvuHGh4ta1O//G6QPR1gMDh3Pu4c49fsKoVJb1ZRQWFpeWV4qrpbX1jc0tc3vnVvJUYNLEnHHR9pEkjMakqahipJ0IgiKfkZY/uBj5rTsiJOXxjRomxI1QL6YhxUhpyTMP656EDkoSwe+hc6WDAepWvUzKHNa9rMHybnZs555ZtirWGPCH2LOkDKZoeOanE3CcRiRWmCEpO7aVKDdDQlHMSF5yUkkShAeoRzqaxigi0s3G9+TwQCsBDLnQL1ZwrP5OZCiSchj5ejJCqi9nvZH4n9dJVXjmZjROUkViPFkUpgwqDkflwIAKghUbaoKwoPqvEPeRQFjpCku6hLmT50mzWjmv2Ncn5Zo1baMI9sA+OAI2OAU1cAkaoAkweABP4AW8Go/Gs/FmvE9GC8Y0swv+wPj4Bogem90=</latexit><latexit sha1_base64="PD1BhlY2AmEEBMLBLGX0dAfQFTo=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VxY0mKoO4KblxYqGBtoUnDZDJph04yYWYilpA/cOOvuHGh4ta1O//G6QPR1gMDh3Pu4c49fsKoVJb1ZRQWFpeWV4qrpbX1jc0tc3vnVvJUYNLEnHHR9pEkjMakqahipJ0IgiKfkZY/uBj5rTsiJOXxjRomxI1QL6YhxUhpyTMP656EDkoSwe+hc6WDAepWvUzKHNa9rMHybnZs555ZtirWGPCH2LOkDKZoeOanE3CcRiRWmCEpO7aVKDdDQlHMSF5yUkkShAeoRzqaxigi0s3G9+TwQCsBDLnQL1ZwrP5OZCiSchj5ejJCqi9nvZH4n9dJVXjmZjROUkViPFkUpgwqDkflwIAKghUbaoKwoPqvEPeRQFjpCku6hLmT50mzWjmv2Ncn5Zo1baMI9sA+OAI2OAU1cAkaoAkweABP4AW8Go/Gs/FmvE9GC8Y0swv+wPj4Bogem90=</latexit><latexit sha1_base64="PD1BhlY2AmEEBMLBLGX0dAfQFTo=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0VxY0mKoO4KblxYqGBtoUnDZDJph04yYWYilpA/cOOvuHGh4ta1O//G6QPR1gMDh3Pu4c49fsKoVJb1ZRQWFpeWV4qrpbX1jc0tc3vnVvJUYNLEnHHR9pEkjMakqahipJ0IgiKfkZY/uBj5rTsiJOXxjRomxI1QL6YhxUhpyTMP656EDkoSwe+hc6WDAepWvUzKHNa9rMHybnZs555ZtirWGPCH2LOkDKZoeOanE3CcRiRWmCEpO7aVKDdDQlHMSF5yUkkShAeoRzqaxigi0s3G9+TwQCsBDLnQL1ZwrP5OZCiSchj5ejJCqi9nvZH4n9dJVXjmZjROUkViPFkUpgwqDkflwIAKghUbaoKwoPqvEPeRQFjpCku6hLmT50mzWjmv2Ncn5Zo1baMI9sA+OAI2OAU1cAkaoAkweABP4AW8Go/Gs/FmvE9GC8Y0swv+wPj4Bogem90=</latexit>

(< a few TeV)

⇤ss ⇠ 1011
<latexit sha1_base64="fgR+zs3zHXTKq18fAoWpGZPcq+g=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEVyURQd0V3LhwUcHYQhPDZDJph85MwsxEKCG48VfcuFBx61+482+cPhBtPTBwOOdc7twTZYwq7ThfVmVhcWl5pbpaW1vf2Nyyt3duVZpLTDycslR2IqQIo4J4mmpGOpkkiEeMtKPBxchv3xOpaCpu9DAjAUc9QROKkTZSaO/5VyYco7BQqoS+ohy6zl3humVo152GMwb8Ie4sqYMpWqH96ccpzjkRGjOkVNd1Mh0USGqKGSlrfq5IhvAA9UjXUIE4UUExPqGEh0aJYZJK84SGY/X3RIG4UkMemSRHuq9mvZH4n9fNdXIWFFRkuSYCTxYlOYM6haM+YEwlwZoNDUFYUvNXiPtIIqxNazVTwtzJ88Q7bpw33OuTetOZtlEF++AAHAEXnIImuAQt4AEMHsATeAGv1qP1bL1Z75NoxZrO7II/sD6+AVp6lkA=</latexit><latexit sha1_base64="fgR+zs3zHXTKq18fAoWpGZPcq+g=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEVyURQd0V3LhwUcHYQhPDZDJph85MwsxEKCG48VfcuFBx61+482+cPhBtPTBwOOdc7twTZYwq7ThfVmVhcWl5pbpaW1vf2Nyyt3duVZpLTDycslR2IqQIo4J4mmpGOpkkiEeMtKPBxchv3xOpaCpu9DAjAUc9QROKkTZSaO/5VyYco7BQqoS+ohy6zl3humVo152GMwb8Ie4sqYMpWqH96ccpzjkRGjOkVNd1Mh0USGqKGSlrfq5IhvAA9UjXUIE4UUExPqGEh0aJYZJK84SGY/X3RIG4UkMemSRHuq9mvZH4n9fNdXIWFFRkuSYCTxYlOYM6haM+YEwlwZoNDUFYUvNXiPtIIqxNazVTwtzJ88Q7bpw33OuTetOZtlEF++AAHAEXnIImuAQt4AEMHsATeAGv1qP1bL1Z75NoxZrO7II/sD6+AVp6lkA=</latexit><latexit sha1_base64="fgR+zs3zHXTKq18fAoWpGZPcq+g=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEVyURQd0V3LhwUcHYQhPDZDJph85MwsxEKCG48VfcuFBx61+482+cPhBtPTBwOOdc7twTZYwq7ThfVmVhcWl5pbpaW1vf2Nyyt3duVZpLTDycslR2IqQIo4J4mmpGOpkkiEeMtKPBxchv3xOpaCpu9DAjAUc9QROKkTZSaO/5VyYco7BQqoS+ohy6zl3humVo152GMwb8Ie4sqYMpWqH96ccpzjkRGjOkVNd1Mh0USGqKGSlrfq5IhvAA9UjXUIE4UUExPqGEh0aJYZJK84SGY/X3RIG4UkMemSRHuq9mvZH4n9fNdXIWFFRkuSYCTxYlOYM6haM+YEwlwZoNDUFYUvNXiPtIIqxNazVTwtzJ88Q7bpw33OuTetOZtlEF++AAHAEXnIImuAQt4AEMHsATeAGv1qP1bL1Z75NoxZrO7II/sD6+AVp6lkA=</latexit><latexit sha1_base64="fgR+zs3zHXTKq18fAoWpGZPcq+g=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEVyURQd0V3LhwUcHYQhPDZDJph85MwsxEKCG48VfcuFBx61+482+cPhBtPTBwOOdc7twTZYwq7ThfVmVhcWl5pbpaW1vf2Nyyt3duVZpLTDycslR2IqQIo4J4mmpGOpkkiEeMtKPBxchv3xOpaCpu9DAjAUc9QROKkTZSaO/5VyYco7BQqoS+ohy6zl3humVo152GMwb8Ie4sqYMpWqH96ccpzjkRGjOkVNd1Mh0USGqKGSlrfq5IhvAA9UjXUIE4UUExPqGEh0aJYZJK84SGY/X3RIG4UkMemSRHuq9mvZH4n9fNdXIWFFRkuSYCTxYlOYM6haM+YEwlwZoNDUFYUvNXiPtIIqxNazVTwtzJ88Q7bpw33OuTetOZtlEF++AAHAEXnIImuAQt4AEMHsATeAGv1qP1bL1Z75NoxZrO7II/sD6+AVp6lkA=</latexit>

GeV does the job



mSUGRA

MHS
<latexit sha1_base64="f/dREDnQGWDPi+s5c65E0MPJHUI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvPQiVHTbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y7Ytoq0PBh7vzTAzL0w408Z1v5zCyura+kZxs7S1vbO7V94/aGqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Dr3W49UaSbFvRknNIjxQLCIEWys1LzpZfW7Sa9ccavuFOiHeIukAnM0euXPbl+SNKbCEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcAx1UE2vXaCTqzSR5FUtoRBU/X3RIZjrcdxaDtjbIZ60cvF/7xOaqLLIGMiSQ0VZLYoSjkyEuWvoz5TlBg+tgQTxeytiAyxwsTYgEo2hKWXl4l/Vr2qerfnlZo7T6MIR3AMp+DBBdSgDg3wgcADPMELvDrSeXbenPdZa8GZzxzCHzgf3754jrg=</latexit><latexit sha1_base64="f/dREDnQGWDPi+s5c65E0MPJHUI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvPQiVHTbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y7Ytoq0PBh7vzTAzL0w408Z1v5zCyura+kZxs7S1vbO7V94/aGqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Dr3W49UaSbFvRknNIjxQLCIEWys1LzpZfW7Sa9ccavuFOiHeIukAnM0euXPbl+SNKbCEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcAx1UE2vXaCTqzSR5FUtoRBU/X3RIZjrcdxaDtjbIZ60cvF/7xOaqLLIGMiSQ0VZLYoSjkyEuWvoz5TlBg+tgQTxeytiAyxwsTYgEo2hKWXl4l/Vr2qerfnlZo7T6MIR3AMp+DBBdSgDg3wgcADPMELvDrSeXbenPdZa8GZzxzCHzgf3754jrg=</latexit><latexit sha1_base64="f/dREDnQGWDPi+s5c65E0MPJHUI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvPQiVHTbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y7Ytoq0PBh7vzTAzL0w408Z1v5zCyura+kZxs7S1vbO7V94/aGqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Dr3W49UaSbFvRknNIjxQLCIEWys1LzpZfW7Sa9ccavuFOiHeIukAnM0euXPbl+SNKbCEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcAx1UE2vXaCTqzSR5FUtoRBU/X3RIZjrcdxaDtjbIZ60cvF/7xOaqLLIGMiSQ0VZLYoSjkyEuWvoz5TlBg+tgQTxeytiAyxwsTYgEo2hKWXl4l/Vr2qerfnlZo7T6MIR3AMp+DBBdSgDg3wgcADPMELvDrSeXbenPdZa8GZzxzCHzgf3754jrg=</latexit><latexit sha1_base64="f/dREDnQGWDPi+s5c65E0MPJHUI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvPQiVHTbQruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y7Ytoq0PBh7vzTAzL0w408Z1v5zCyura+kZxs7S1vbO7V94/aGqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Dr3W49UaSbFvRknNIjxQLCIEWys1LzpZfW7Sa9ccavuFOiHeIukAnM0euXPbl+SNKbCEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcAx1UE2vXaCTqzSR5FUtoRBU/X3RIZjrcdxaDtjbIZ60cvF/7xOaqLLIGMiSQ0VZLYoSjkyEuWvoz5TlBg+tgQTxeytiAyxwsTYgEo2hKWXl4l/Vr2qerfnlZo7T6MIR3AMp+DBBdSgDg3wgcADPMELvDrSeXbenPdZa8GZzxzCHzgf3754jrg=</latexit>

m1/2,m
2
0, A0, sign(µ), tan�
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(�̃0
1)
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is the LSP

Gravitino mass 

• Assume soft SUSY breaking universality 

interpreted as the boundary condition on the running 
soft parameters at the scale  

• RG-evolve down to EW scale 

Entire MSSM spectrum -  

Minimal supergravity (mSUGRA) 

Lightest neutralino 

m3/2 ⇠ ⇤2
ss

MPl
⇡ 100 GeV

<latexit sha1_base64="XA6IFo1XjloE7Koe/ROMO3uR/uE="></latexit><latexit sha1_base64="XA6IFo1XjloE7Koe/ROMO3uR/uE="></latexit><latexit sha1_base64="XA6IFo1XjloE7Koe/ROMO3uR/uE="></latexit><latexit sha1_base64="XA6IFo1XjloE7Koe/ROMO3uR/uE="></latexit>

(dark matter)



mSUGRA is experimentally disfavoured  due to 
the tension between the LHC lower bound on m0

<latexit sha1_base64="pZE+ZjPBemOU4d9td1z9RYFXefQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN4KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzx6NEmmKQtoIhLdjYhhgisWWG4F66aaERkJ1okmt4XfeWLa8EQ92GnKQklGisecEltIcuDhQb3hNb058CrxS9KAEu1B/as/TGgmmbJUEGN6vpfaMCfacirYrNbPDEsJnZAR6zmqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7n9TIbX4c5V2lmmaKLRXEmsE1w8Tgecs2oFVNHCNXc3YrpmGhCrYun5kLwl19eJcFF86bp3182Wl6ZRhVO4BTOwYcraMEdtCEACmN4hld4QxK9oHf0sWitoHLmGP4Aff4AuBSNgA==</latexit><latexit sha1_base64="pZE+ZjPBemOU4d9td1z9RYFXefQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN4KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzx6NEmmKQtoIhLdjYhhgisWWG4F66aaERkJ1okmt4XfeWLa8EQ92GnKQklGisecEltIcuDhQb3hNb058CrxS9KAEu1B/as/TGgmmbJUEGN6vpfaMCfacirYrNbPDEsJnZAR6zmqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7n9TIbX4c5V2lmmaKLRXEmsE1w8Tgecs2oFVNHCNXc3YrpmGhCrYun5kLwl19eJcFF86bp3182Wl6ZRhVO4BTOwYcraMEdtCEACmN4hld4QxK9oHf0sWitoHLmGP4Aff4AuBSNgA==</latexit><latexit sha1_base64="pZE+ZjPBemOU4d9td1z9RYFXefQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN4KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzx6NEmmKQtoIhLdjYhhgisWWG4F66aaERkJ1okmt4XfeWLa8EQ92GnKQklGisecEltIcuDhQb3hNb058CrxS9KAEu1B/as/TGgmmbJUEGN6vpfaMCfacirYrNbPDEsJnZAR6zmqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7n9TIbX4c5V2lmmaKLRXEmsE1w8Tgecs2oFVNHCNXc3YrpmGhCrYun5kLwl19eJcFF86bp3182Wl6ZRhVO4BTOwYcraMEdtCEACmN4hld4QxK9oHf0sWitoHLmGP4Aff4AuBSNgA==</latexit><latexit sha1_base64="pZE+ZjPBemOU4d9td1z9RYFXefQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN4KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzx6NEmmKQtoIhLdjYhhgisWWG4F66aaERkJ1okmt4XfeWLa8EQ92GnKQklGisecEltIcuDhQb3hNb058CrxS9KAEu1B/as/TGgmmbJUEGN6vpfaMCfacirYrNbPDEsJnZAR6zmqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7n9TIbX4c5V2lmmaKLRXEmsE1w8Tgecs2oFVNHCNXc3YrpmGhCrYun5kLwl19eJcFF86bp3182Wl6ZRhVO4BTOwYcraMEdtCEACmN4hld4QxK9oHf0sWitoHLmGP4Aff4AuBSNgA==</latexit>

and the (g � 2)µ
<latexit sha1_base64="8iHjRizDrR0MRX7LWUo4sI7NCrE=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahHiy7paDeCl48VnBtpV1KNs22oUl2SbJCWforvHhQ8erf8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48etBxqgj1Scxj1QmxppxJ6htmOO0kimIRctoOxzczv/1ElWaxvDeThAYCDyWLGMHGSo/V4UX9vN8Tab9ccWvuHGiVeDmpQI5Wv/zVG8QkFVQawrHWXc9NTJBhZRjhdFrqpZommIzxkHYtlVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+53VTE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEr8eu265t01Kk03T6MIJ3AKVfDgEppwCy3wgYCAZ3iFN0c5L86787FoLTj5zDH8gfP5A+B0j0o=</latexit><latexit sha1_base64="8iHjRizDrR0MRX7LWUo4sI7NCrE=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahHiy7paDeCl48VnBtpV1KNs22oUl2SbJCWforvHhQ8erf8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48etBxqgj1Scxj1QmxppxJ6htmOO0kimIRctoOxzczv/1ElWaxvDeThAYCDyWLGMHGSo/V4UX9vN8Tab9ccWvuHGiVeDmpQI5Wv/zVG8QkFVQawrHWXc9NTJBhZRjhdFrqpZommIzxkHYtlVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+53VTE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEr8eu265t01Kk03T6MIJ3AKVfDgEppwCy3wgYCAZ3iFN0c5L86787FoLTj5zDH8gfP5A+B0j0o=</latexit><latexit sha1_base64="8iHjRizDrR0MRX7LWUo4sI7NCrE=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahHiy7paDeCl48VnBtpV1KNs22oUl2SbJCWforvHhQ8erf8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48etBxqgj1Scxj1QmxppxJ6htmOO0kimIRctoOxzczv/1ElWaxvDeThAYCDyWLGMHGSo/V4UX9vN8Tab9ccWvuHGiVeDmpQI5Wv/zVG8QkFVQawrHWXc9NTJBhZRjhdFrqpZommIzxkHYtlVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+53VTE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEr8eu265t01Kk03T6MIJ3AKVfDgEppwCy3wgYCAZ3iFN0c5L86787FoLTj5zDH8gfP5A+B0j0o=</latexit><latexit sha1_base64="8iHjRizDrR0MRX7LWUo4sI7NCrE=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahHiy7paDeCl48VnBtpV1KNs22oUl2SbJCWforvHhQ8erf8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48etBxqgj1Scxj1QmxppxJ6htmOO0kimIRctoOxzczv/1ElWaxvDeThAYCDyWLGMHGSo/V4UX9vN8Tab9ccWvuHGiVeDmpQI5Wv/zVG8QkFVQawrHWXc9NTJBhZRjhdFrqpZommIzxkHYtlVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+53VTE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEr8eu265t01Kk03T6MIJ3AKVfDgEppwCy3wgYCAZ3iFN0c5L86787FoLTj5zDH8gfP5A+B0j0o=</latexit>

measurements
arXiv:1508.05951



Gauge mediated SUSY breaking

• Another possibility is that the mediating interactions 
for SUSY breaking are gauge interactions

• In GMSB scenario, the MSSM soft terms come from 
loop diagrams involving some messenger particles

(F )
<latexit sha1_base64="oEsJKpYJksgObTiLSaaRuxiPpxY=">AAAB63icbVDLSgNBEOyNrxhfUY9eBhMhXsImF/UWEMRjBNcEkiXMTnqTIbOzy8ysEJZ8gxcPKl79IW/+jZMHookFDUVVN91dQSK4Nq775eTW1jc2t/LbhZ3dvf2D4uHRg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLR9dRvPaLSPJb3ZpygH9GB5CFn1FjJq5Rvyue9YsmtujOQH1JbJiVYoNkrfnb7MUsjlIYJqnWn5ibGz6gynAmcFLqpxoSyER1gx1JJI9R+Njt2Qs6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9bI3Ff/zOqkJL/2MyyQ1KNl8UZgKYmIy/Zz0uUJmxNgSyhS3txI2pIoyY/Mp2BBWXl4lXr16Va3d1UsNd5FGHk7gFCpQgwtowC00wQMGHJ7gBV4d6Tw7b877vDXnLGaO4Q+cj2+BGo1M</latexit><latexit sha1_base64="oEsJKpYJksgObTiLSaaRuxiPpxY=">AAAB63icbVDLSgNBEOyNrxhfUY9eBhMhXsImF/UWEMRjBNcEkiXMTnqTIbOzy8ysEJZ8gxcPKl79IW/+jZMHookFDUVVN91dQSK4Nq775eTW1jc2t/LbhZ3dvf2D4uHRg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLR9dRvPaLSPJb3ZpygH9GB5CFn1FjJq5Rvyue9YsmtujOQH1JbJiVYoNkrfnb7MUsjlIYJqnWn5ibGz6gynAmcFLqpxoSyER1gx1JJI9R+Njt2Qs6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9bI3Ff/zOqkJL/2MyyQ1KNl8UZgKYmIy/Zz0uUJmxNgSyhS3txI2pIoyY/Mp2BBWXl4lXr16Va3d1UsNd5FGHk7gFCpQgwtowC00wQMGHJ7gBV4d6Tw7b877vDXnLGaO4Q+cj2+BGo1M</latexit><latexit sha1_base64="oEsJKpYJksgObTiLSaaRuxiPpxY=">AAAB63icbVDLSgNBEOyNrxhfUY9eBhMhXsImF/UWEMRjBNcEkiXMTnqTIbOzy8ysEJZ8gxcPKl79IW/+jZMHookFDUVVN91dQSK4Nq775eTW1jc2t/LbhZ3dvf2D4uHRg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLR9dRvPaLSPJb3ZpygH9GB5CFn1FjJq5Rvyue9YsmtujOQH1JbJiVYoNkrfnb7MUsjlIYJqnWn5ibGz6gynAmcFLqpxoSyER1gx1JJI9R+Njt2Qs6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9bI3Ff/zOqkJL/2MyyQ1KNl8UZgKYmIy/Zz0uUJmxNgSyhS3txI2pIoyY/Mp2BBWXl4lXr16Va3d1UsNd5FGHk7gFCpQgwtowC00wQMGHJ7gBV4d6Tw7b877vDXnLGaO4Q+cj2+BGo1M</latexit><latexit sha1_base64="oEsJKpYJksgObTiLSaaRuxiPpxY=">AAAB63icbVDLSgNBEOyNrxhfUY9eBhMhXsImF/UWEMRjBNcEkiXMTnqTIbOzy8ysEJZ8gxcPKl79IW/+jZMHookFDUVVN91dQSK4Nq775eTW1jc2t/LbhZ3dvf2D4uHRg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLR9dRvPaLSPJb3ZpygH9GB5CFn1FjJq5Rvyue9YsmtujOQH1JbJiVYoNkrfnb7MUsjlIYJqnWn5ibGz6gynAmcFLqpxoSyER1gx1JJI9R+Njt2Qs6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9bI3Ff/zOqkJL/2MyyQ1KNl8UZgKYmIy/Zz0uUJmxNgSyhS3txI2pIoyY/Mp2BBWXl4lXr16Va3d1UsNd5FGHk7gFCpQgwtowC00wQMGHJ7gBV4d6Tw7b877vDXnLGaO4Q+cj2+BGo1M</latexit>

•  Messengers are chiral supermultiplets that couple to a 
SUSY breaking VEV and have SM gauge interactions

MSSM soft masses Ms ⇠
↵a

4⇡

F

Mmess
<latexit sha1_base64="fT7v5mL59dCplC1lPZ00Tw2dHR0=">AAACGXicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUG8FQbwUKhhbaEqYbDft0t0k7G6EEvI7vPhXvHhQ8agn/43bD0RbHww83pthZl6Ycqa043xZpaXlldW18nplY3Nre8fe3btTSSYJ9UjCE9kOQVHOYupppjltp5KCCDlthcPLsd+6p1KxJL7Vo5R2BfRjFjEC2kiB7TYChX3FBPYjCST3gacDCKDIT7GfsmKqXhV5I8gFVaooArvq1JwJ8A9x50kVzdAM7A+/l5BM0FgTDkp1XCfV3RykZoTTouJniqZAhtCnHUNjMHu6+eS1Ah8ZpYejRJqKNZ6ovydyEEqNRGg6BeiBmvfG4n9eJ9PReTdncZppGpPpoijjWCd4nBPuMUmJ5iNDgEhmbsVkACYMbdKsmBAWXl4k3kntoubenFbrziyNMjpAh+gYuegM1dE1aiIPEfSAntALerUerWfrzXqftpas2cw++gPr8xuvx6F5</latexit><latexit sha1_base64="fT7v5mL59dCplC1lPZ00Tw2dHR0=">AAACGXicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUG8FQbwUKhhbaEqYbDft0t0k7G6EEvI7vPhXvHhQ8agn/43bD0RbHww83pthZl6Ycqa043xZpaXlldW18nplY3Nre8fe3btTSSYJ9UjCE9kOQVHOYupppjltp5KCCDlthcPLsd+6p1KxJL7Vo5R2BfRjFjEC2kiB7TYChX3FBPYjCST3gacDCKDIT7GfsmKqXhV5I8gFVaooArvq1JwJ8A9x50kVzdAM7A+/l5BM0FgTDkp1XCfV3RykZoTTouJniqZAhtCnHUNjMHu6+eS1Ah8ZpYejRJqKNZ6ovydyEEqNRGg6BeiBmvfG4n9eJ9PReTdncZppGpPpoijjWCd4nBPuMUmJ5iNDgEhmbsVkACYMbdKsmBAWXl4k3kntoubenFbrziyNMjpAh+gYuegM1dE1aiIPEfSAntALerUerWfrzXqftpas2cw++gPr8xuvx6F5</latexit><latexit sha1_base64="fT7v5mL59dCplC1lPZ00Tw2dHR0=">AAACGXicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUG8FQbwUKhhbaEqYbDft0t0k7G6EEvI7vPhXvHhQ8agn/43bD0RbHww83pthZl6Ycqa043xZpaXlldW18nplY3Nre8fe3btTSSYJ9UjCE9kOQVHOYupppjltp5KCCDlthcPLsd+6p1KxJL7Vo5R2BfRjFjEC2kiB7TYChX3FBPYjCST3gacDCKDIT7GfsmKqXhV5I8gFVaooArvq1JwJ8A9x50kVzdAM7A+/l5BM0FgTDkp1XCfV3RykZoTTouJniqZAhtCnHUNjMHu6+eS1Ah8ZpYejRJqKNZ6ovydyEEqNRGg6BeiBmvfG4n9eJ9PReTdncZppGpPpoijjWCd4nBPuMUmJ5iNDgEhmbsVkACYMbdKsmBAWXl4k3kntoubenFbrziyNMjpAh+gYuegM1dE1aiIPEfSAntALerUerWfrzXqftpas2cw++gPr8xuvx6F5</latexit><latexit sha1_base64="fT7v5mL59dCplC1lPZ00Tw2dHR0=">AAACGXicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUG8FQbwUKhhbaEqYbDft0t0k7G6EEvI7vPhXvHhQ8agn/43bD0RbHww83pthZl6Ycqa043xZpaXlldW18nplY3Nre8fe3btTSSYJ9UjCE9kOQVHOYupppjltp5KCCDlthcPLsd+6p1KxJL7Vo5R2BfRjFjEC2kiB7TYChX3FBPYjCST3gacDCKDIT7GfsmKqXhV5I8gFVaooArvq1JwJ8A9x50kVzdAM7A+/l5BM0FgTDkp1XCfV3RykZoTTouJniqZAhtCnHUNjMHu6+eS1Ah8ZpYejRJqKNZ6ovydyEEqNRGg6BeiBmvfG4n9eJ9PReTdncZppGpPpoijjWCd4nBPuMUmJ5iNDgEhmbsVkACYMbdKsmBAWXl4k3kntoubenFbrziyNMjpAh+gYuegM1dE1aiIPEfSAntALerUerWfrzXqftpas2cw++gPr8xuvx6F5</latexit>

If Mmess ⇠
p
F ,

<latexit sha1_base64="ydtQl9FxQvjdZ8BbmTiwAwFM0XY=">AAACBHicbVDLSgMxFM3UV62vUZe6CLaCCykz3ai7giC6ECo4ttAOQybNtKFJZkwyQhlm48ZfceNCxa0f4c6/MX0gWj2QcDjnXu69J0wYVdpxPq3C3PzC4lJxubSyura+YW9u3ag4lZh4OGaxbIVIEUYF8TTVjLQSSRAPGWmGg9OR37wjUtFYXOthQnyOeoJGFCNtpMDevYhg5TLIOFEqhx1Fuflupc7O8sNKYJedqjMG/CbuLCmDKRqB/dHpxjjlRGjMkFJt10m0nyGpKWYkL3VSRRKEB6hH2oYKZMb62fiKHO4bpQujWJonNByrPzsyxJUa8tBUcqT7atYbif957VRHx35GRZJqIvBkUJQyqGM4igR2qSRYs6EhCEtqdoW4jyTC2gRXMiH8Ofkv8WrVk6p7VSvXnWkaRbAD9sABcMERqINz0AAewOAePIJn8GI9WE/Wq/U2KS1Y055t8AvW+xd455ds</latexit><latexit sha1_base64="ydtQl9FxQvjdZ8BbmTiwAwFM0XY=">AAACBHicbVDLSgMxFM3UV62vUZe6CLaCCykz3ai7giC6ECo4ttAOQybNtKFJZkwyQhlm48ZfceNCxa0f4c6/MX0gWj2QcDjnXu69J0wYVdpxPq3C3PzC4lJxubSyura+YW9u3ag4lZh4OGaxbIVIEUYF8TTVjLQSSRAPGWmGg9OR37wjUtFYXOthQnyOeoJGFCNtpMDevYhg5TLIOFEqhx1Fuflupc7O8sNKYJedqjMG/CbuLCmDKRqB/dHpxjjlRGjMkFJt10m0nyGpKWYkL3VSRRKEB6hH2oYKZMb62fiKHO4bpQujWJonNByrPzsyxJUa8tBUcqT7atYbif957VRHx35GRZJqIvBkUJQyqGM4igR2qSRYs6EhCEtqdoW4jyTC2gRXMiH8Ofkv8WrVk6p7VSvXnWkaRbAD9sABcMERqINz0AAewOAePIJn8GI9WE/Wq/U2KS1Y055t8AvW+xd455ds</latexit><latexit sha1_base64="ydtQl9FxQvjdZ8BbmTiwAwFM0XY=">AAACBHicbVDLSgMxFM3UV62vUZe6CLaCCykz3ai7giC6ECo4ttAOQybNtKFJZkwyQhlm48ZfceNCxa0f4c6/MX0gWj2QcDjnXu69J0wYVdpxPq3C3PzC4lJxubSyura+YW9u3ag4lZh4OGaxbIVIEUYF8TTVjLQSSRAPGWmGg9OR37wjUtFYXOthQnyOeoJGFCNtpMDevYhg5TLIOFEqhx1Fuflupc7O8sNKYJedqjMG/CbuLCmDKRqB/dHpxjjlRGjMkFJt10m0nyGpKWYkL3VSRRKEB6hH2oYKZMb62fiKHO4bpQujWJonNByrPzsyxJUa8tBUcqT7atYbif957VRHx35GRZJqIvBkUJQyqGM4igR2qSRYs6EhCEtqdoW4jyTC2gRXMiH8Ofkv8WrVk6p7VSvXnWkaRbAD9sABcMERqINz0AAewOAePIJn8GI9WE/Wq/U2KS1Y055t8AvW+xd455ds</latexit><latexit sha1_base64="ydtQl9FxQvjdZ8BbmTiwAwFM0XY=">AAACBHicbVDLSgMxFM3UV62vUZe6CLaCCykz3ai7giC6ECo4ttAOQybNtKFJZkwyQhlm48ZfceNCxa0f4c6/MX0gWj2QcDjnXu69J0wYVdpxPq3C3PzC4lJxubSyura+YW9u3ag4lZh4OGaxbIVIEUYF8TTVjLQSSRAPGWmGg9OR37wjUtFYXOthQnyOeoJGFCNtpMDevYhg5TLIOFEqhx1Fuflupc7O8sNKYJedqjMG/CbuLCmDKRqB/dHpxjjlRGjMkFJt10m0nyGpKWYkL3VSRRKEB6hH2oYKZMb62fiKHO4bpQujWJonNByrPzsyxJUa8tBUcqT7atYbif957VRHx35GRZJqIvBkUJQyqGM4igR2qSRYs6EhCEtqdoW4jyTC2gRXMiH8Ofkv8WrVk6p7VSvXnWkaRbAD9sABcMERqINz0AAewOAePIJn8GI9WE/Wq/U2KS1Y055t8AvW+xd455ds</latexit>

for 
the scale of SUSY breaking 

(
p
F ) ⇠ 105

<latexit sha1_base64="zki3INJr02xquSJ4zpmLVIRjJAI=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREFHVXEMRlBWsLTSyT6aQdOpnEmRuhhuKvuHGh4tYPceffOH0g2nrgwuGce7n3niARXIPjfFm5ufmFxaX8cmFldW19w97cutFxqiir0VjEqhEQzQSXrAYcBGskipEoEKwe9M6Hfv2eKc1jeQ39hPkR6UgeckrASC17p+TpOwXZxeAAe5pH2HVuj1t20Sk7I+Af4k6TIpqg2rI/vXZM04hJoIJo3XSdBPyMKOBUsEHBSzVLCO2RDmsaKknEtJ+Nrh/gfaO0cRgrUxLwSP09kZFI634UmM6IQFdPe0PxP6+ZQnjqZ1wmKTBJx4vCVGCI8TAK3OaKURB9QwhV3NyKaZcoQsEEVjAhzLw8S2qH5bOye3VUrDiTNPJoF+2hEnLRCaqgS1RFNUTRA3pCL+jVerSerTfrfdyasyYz2+gPrI9v/i6TxA==</latexit><latexit sha1_base64="zki3INJr02xquSJ4zpmLVIRjJAI=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREFHVXEMRlBWsLTSyT6aQdOpnEmRuhhuKvuHGh4tYPceffOH0g2nrgwuGce7n3niARXIPjfFm5ufmFxaX8cmFldW19w97cutFxqiir0VjEqhEQzQSXrAYcBGskipEoEKwe9M6Hfv2eKc1jeQ39hPkR6UgeckrASC17p+TpOwXZxeAAe5pH2HVuj1t20Sk7I+Af4k6TIpqg2rI/vXZM04hJoIJo3XSdBPyMKOBUsEHBSzVLCO2RDmsaKknEtJ+Nrh/gfaO0cRgrUxLwSP09kZFI634UmM6IQFdPe0PxP6+ZQnjqZ1wmKTBJx4vCVGCI8TAK3OaKURB9QwhV3NyKaZcoQsEEVjAhzLw8S2qH5bOye3VUrDiTNPJoF+2hEnLRCaqgS1RFNUTRA3pCL+jVerSerTfrfdyasyYz2+gPrI9v/i6TxA==</latexit><latexit sha1_base64="zki3INJr02xquSJ4zpmLVIRjJAI=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREFHVXEMRlBWsLTSyT6aQdOpnEmRuhhuKvuHGh4tYPceffOH0g2nrgwuGce7n3niARXIPjfFm5ufmFxaX8cmFldW19w97cutFxqiir0VjEqhEQzQSXrAYcBGskipEoEKwe9M6Hfv2eKc1jeQ39hPkR6UgeckrASC17p+TpOwXZxeAAe5pH2HVuj1t20Sk7I+Af4k6TIpqg2rI/vXZM04hJoIJo3XSdBPyMKOBUsEHBSzVLCO2RDmsaKknEtJ+Nrh/gfaO0cRgrUxLwSP09kZFI634UmM6IQFdPe0PxP6+ZQnjqZ1wmKTBJx4vCVGCI8TAK3OaKURB9QwhV3NyKaZcoQsEEVjAhzLw8S2qH5bOye3VUrDiTNPJoF+2hEnLRCaqgS1RFNUTRA3pCL+jVerSerTfrfdyasyYz2+gPrI9v/i6TxA==</latexit><latexit sha1_base64="zki3INJr02xquSJ4zpmLVIRjJAI=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREFHVXEMRlBWsLTSyT6aQdOpnEmRuhhuKvuHGh4tYPceffOH0g2nrgwuGce7n3niARXIPjfFm5ufmFxaX8cmFldW19w97cutFxqiir0VjEqhEQzQSXrAYcBGskipEoEKwe9M6Hfv2eKc1jeQ39hPkR6UgeckrASC17p+TpOwXZxeAAe5pH2HVuj1t20Sk7I+Af4k6TIpqg2rI/vXZM04hJoIJo3XSdBPyMKOBUsEHBSzVLCO2RDmsaKknEtJ+Nrh/gfaO0cRgrUxLwSP09kZFI634UmM6IQFdPe0PxP6+ZQnjqZ1wmKTBJx4vCVGCI8TAK3OaKURB9QwhV3NyKaZcoQsEEVjAhzLw8S2qH5bOye3VUrDiTNPJoF+2hEnLRCaqgS1RFNUTRA3pCL+jVerSerTfrfdyasyYz2+gPrI9v/i6TxA==</latexit>

GeV MS ⇠
<latexit sha1_base64="Gi5Wn/zyzRPhCEB8SqAhkfS/OVE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN4CXrwIEV0TSZYwO5lNhsxjmZkVwpKv8OJBxau/482/cfJANLGgoajqprsrTjkz1ve/vMLS8srqWnG9tLG5tb1T3t27NyrThIZEcaWbMTaUM0lDyyynzVRTLGJOG/Hgcuw3Hqk2TMk7O0xpJHBPsoQRbJ30cN25RW3DBOqUK37VnwD9kGCeVGCGeqf82e4qkgkqLeHYmFbgpzbKsbaMcDoqtTNDU0wGuEdbjkosqInyycEjdOSULkqUdiUtmqi/J3IsjBmK2HUKbPtm3huL/3mtzCbnUc5kmlkqyXRRknFkFRp/j7pMU2L50BFMNHO3ItLHGhPrMiq5EBZeXiThSfWiGtycVmr+LI0iHMAhHEMAZ1CDK6hDCAQEPMELvHrae/bevPdpa8GbzezDH3gf3y0cj3s=</latexit><latexit sha1_base64="Gi5Wn/zyzRPhCEB8SqAhkfS/OVE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN4CXrwIEV0TSZYwO5lNhsxjmZkVwpKv8OJBxau/482/cfJANLGgoajqprsrTjkz1ve/vMLS8srqWnG9tLG5tb1T3t27NyrThIZEcaWbMTaUM0lDyyynzVRTLGJOG/Hgcuw3Hqk2TMk7O0xpJHBPsoQRbJ30cN25RW3DBOqUK37VnwD9kGCeVGCGeqf82e4qkgkqLeHYmFbgpzbKsbaMcDoqtTNDU0wGuEdbjkosqInyycEjdOSULkqUdiUtmqi/J3IsjBmK2HUKbPtm3huL/3mtzCbnUc5kmlkqyXRRknFkFRp/j7pMU2L50BFMNHO3ItLHGhPrMiq5EBZeXiThSfWiGtycVmr+LI0iHMAhHEMAZ1CDK6hDCAQEPMELvHrae/bevPdpa8GbzezDH3gf3y0cj3s=</latexit><latexit sha1_base64="Gi5Wn/zyzRPhCEB8SqAhkfS/OVE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN4CXrwIEV0TSZYwO5lNhsxjmZkVwpKv8OJBxau/482/cfJANLGgoajqprsrTjkz1ve/vMLS8srqWnG9tLG5tb1T3t27NyrThIZEcaWbMTaUM0lDyyynzVRTLGJOG/Hgcuw3Hqk2TMk7O0xpJHBPsoQRbJ30cN25RW3DBOqUK37VnwD9kGCeVGCGeqf82e4qkgkqLeHYmFbgpzbKsbaMcDoqtTNDU0wGuEdbjkosqInyycEjdOSULkqUdiUtmqi/J3IsjBmK2HUKbPtm3huL/3mtzCbnUc5kmlkqyXRRknFkFRp/j7pMU2L50BFMNHO3ItLHGhPrMiq5EBZeXiThSfWiGtycVmr+LI0iHMAhHEMAZ1CDK6hDCAQEPMELvHrae/bevPdpa8GbzezDH3gf3y0cj3s=</latexit><latexit sha1_base64="Gi5Wn/zyzRPhCEB8SqAhkfS/OVE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN4CXrwIEV0TSZYwO5lNhsxjmZkVwpKv8OJBxau/482/cfJANLGgoajqprsrTjkz1ve/vMLS8srqWnG9tLG5tb1T3t27NyrThIZEcaWbMTaUM0lDyyynzVRTLGJOG/Hgcuw3Hqk2TMk7O0xpJHBPsoQRbJ30cN25RW3DBOqUK37VnwD9kGCeVGCGeqf82e4qkgkqLeHYmFbgpzbKsbaMcDoqtTNDU0wGuEdbjkosqInyycEjdOSULkqUdiUtmqi/J3IsjBmK2HUKbPtm3huL/3mtzCbnUc5kmlkqyXRRknFkFRp/j7pMU2L50BFMNHO3ItLHGhPrMiq5EBZeXiThSfWiGtycVmr+LI0iHMAhHEMAZ1CDK6hDCAQEPMELvHrae/bevPdpa8GbzezDH3gf3y0cj3s=</latexit>

a few TeV
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Important consequence for Cosmology

m3/2 ⇠ 1 keV
<latexit sha1_base64="XgDW1o22SaLjRxphcQ0eWkKCxEk=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRPNWkCuqt4MVjBdMWmhA22027dHcTdjdCCdWLf8WLBxWv/gtv/hu3bQ7a+mDg8d4MM/OilFGlHefbKi0tr6yuldcrG5tb2zv27l5LJZnExMMJS2QnQoowKoinqWakk0qCeMRIOxpeT/z2PZGKJuJOj1IScNQXNKYYaSOF9gEP87PT+hj6inLowofclxwOSWsc2lWn5kwBF4lbkCoo0AztL7+X4IwToTFDSnVdJ9VBjqSmmJFxxc8USREeoj7pGioQJyrIpy+M4bFRejBOpCmh4VT9PZEjrtSIR6aTIz1Q895E/M/rZjq+DHIq0kwTgWeL4oxBncBJHrBHJcGajQxBWFJzK8QDJBHWJrWKCcGdf3mRePXaVc29Pa82nCKNMjgER+AEuOACNMANaAIPYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QPO7ZXs</latexit><latexit sha1_base64="XgDW1o22SaLjRxphcQ0eWkKCxEk=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRPNWkCuqt4MVjBdMWmhA22027dHcTdjdCCdWLf8WLBxWv/gtv/hu3bQ7a+mDg8d4MM/OilFGlHefbKi0tr6yuldcrG5tb2zv27l5LJZnExMMJS2QnQoowKoinqWakk0qCeMRIOxpeT/z2PZGKJuJOj1IScNQXNKYYaSOF9gEP87PT+hj6inLowofclxwOSWsc2lWn5kwBF4lbkCoo0AztL7+X4IwToTFDSnVdJ9VBjqSmmJFxxc8USREeoj7pGioQJyrIpy+M4bFRejBOpCmh4VT9PZEjrtSIR6aTIz1Q895E/M/rZjq+DHIq0kwTgWeL4oxBncBJHrBHJcGajQxBWFJzK8QDJBHWJrWKCcGdf3mRePXaVc29Pa82nCKNMjgER+AEuOACNMANaAIPYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QPO7ZXs</latexit><latexit sha1_base64="XgDW1o22SaLjRxphcQ0eWkKCxEk=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRPNWkCuqt4MVjBdMWmhA22027dHcTdjdCCdWLf8WLBxWv/gtv/hu3bQ7a+mDg8d4MM/OilFGlHefbKi0tr6yuldcrG5tb2zv27l5LJZnExMMJS2QnQoowKoinqWakk0qCeMRIOxpeT/z2PZGKJuJOj1IScNQXNKYYaSOF9gEP87PT+hj6inLowofclxwOSWsc2lWn5kwBF4lbkCoo0AztL7+X4IwToTFDSnVdJ9VBjqSmmJFxxc8USREeoj7pGioQJyrIpy+M4bFRejBOpCmh4VT9PZEjrtSIR6aTIz1Q895E/M/rZjq+DHIq0kwTgWeL4oxBncBJHrBHJcGajQxBWFJzK8QDJBHWJrWKCcGdf3mRePXaVc29Pa82nCKNMjgER+AEuOACNMANaAIPYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QPO7ZXs</latexit><latexit sha1_base64="XgDW1o22SaLjRxphcQ0eWkKCxEk=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRPNWkCuqt4MVjBdMWmhA22027dHcTdjdCCdWLf8WLBxWv/gtv/hu3bQ7a+mDg8d4MM/OilFGlHefbKi0tr6yuldcrG5tb2zv27l5LJZnExMMJS2QnQoowKoinqWakk0qCeMRIOxpeT/z2PZGKJuJOj1IScNQXNKYYaSOF9gEP87PT+hj6inLowofclxwOSWsc2lWn5kwBF4lbkCoo0AztL7+X4IwToTFDSnVdJ9VBjqSmmJFxxc8USREeoj7pGioQJyrIpy+M4bFRejBOpCmh4VT9PZEjrtSIR6aTIz1Q895E/M/rZjq+DHIq0kwTgWeL4oxBncBJHrBHJcGajQxBWFJzK8QDJBHWJrWKCcGdf3mRePXaVc29Pa82nCKNMjgER+AEuOACNMANaAIPYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QPO7ZXs</latexit>

�̃0
1 ! �G̃

<latexit sha1_base64="h9Q/bNxD98GUyBRHgdE3lkMUOcg=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMiqLuCC11WcKzQqeVOmrahycyQ3FHK0M9w46+4caHiVnf+jelD0NYDgcM553JzT5hIYdB1v5zc3PzC4lJ+ubCyura+UdzcujZxqhn3WSxjfROC4VJE3EeBkt8kmoMKJa+FvbOhX7vj2og4usJ+whsKOpFoCwZopWbxIAtQyBanAeuKwa3b9GigRaeLoHV8T4MOKAX0J3Q+aBZLbtkdgc4Sb0JKZIJqs/gZtGKWKh4hk2BM3XMTbGSgUTDJB4UgNTwB1oMOr1sageKmkY0OG9A9q7RoO9b2RUhH6u+JDJQxfRXapALsmmlvKP7n1VNsnzQyESUp8oiNF7VTSTGmw5ZoS2jOUPYtAaaF/StlXdDA0HZZsCV40yfPEv+wfFr2Lo9KFXfSRp7skF2yTzxyTCrkglSJTxh5IE/khbw6j86z8+a8j6M5ZzKzTf7A+fgGnkKfqA==</latexit><latexit sha1_base64="h9Q/bNxD98GUyBRHgdE3lkMUOcg=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMiqLuCC11WcKzQqeVOmrahycyQ3FHK0M9w46+4caHiVnf+jelD0NYDgcM553JzT5hIYdB1v5zc3PzC4lJ+ubCyura+UdzcujZxqhn3WSxjfROC4VJE3EeBkt8kmoMKJa+FvbOhX7vj2og4usJ+whsKOpFoCwZopWbxIAtQyBanAeuKwa3b9GigRaeLoHV8T4MOKAX0J3Q+aBZLbtkdgc4Sb0JKZIJqs/gZtGKWKh4hk2BM3XMTbGSgUTDJB4UgNTwB1oMOr1sageKmkY0OG9A9q7RoO9b2RUhH6u+JDJQxfRXapALsmmlvKP7n1VNsnzQyESUp8oiNF7VTSTGmw5ZoS2jOUPYtAaaF/StlXdDA0HZZsCV40yfPEv+wfFr2Lo9KFXfSRp7skF2yTzxyTCrkglSJTxh5IE/khbw6j86z8+a8j6M5ZzKzTf7A+fgGnkKfqA==</latexit><latexit sha1_base64="h9Q/bNxD98GUyBRHgdE3lkMUOcg=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMiqLuCC11WcKzQqeVOmrahycyQ3FHK0M9w46+4caHiVnf+jelD0NYDgcM553JzT5hIYdB1v5zc3PzC4lJ+ubCyura+UdzcujZxqhn3WSxjfROC4VJE3EeBkt8kmoMKJa+FvbOhX7vj2og4usJ+whsKOpFoCwZopWbxIAtQyBanAeuKwa3b9GigRaeLoHV8T4MOKAX0J3Q+aBZLbtkdgc4Sb0JKZIJqs/gZtGKWKh4hk2BM3XMTbGSgUTDJB4UgNTwB1oMOr1sageKmkY0OG9A9q7RoO9b2RUhH6u+JDJQxfRXapALsmmlvKP7n1VNsnzQyESUp8oiNF7VTSTGmw5ZoS2jOUPYtAaaF/StlXdDA0HZZsCV40yfPEv+wfFr2Lo9KFXfSRp7skF2yTzxyTCrkglSJTxh5IE/khbw6j86z8+a8j6M5ZzKzTf7A+fgGnkKfqA==</latexit><latexit sha1_base64="h9Q/bNxD98GUyBRHgdE3lkMUOcg=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4qjMiqLuCC11WcKzQqeVOmrahycyQ3FHK0M9w46+4caHiVnf+jelD0NYDgcM553JzT5hIYdB1v5zc3PzC4lJ+ubCyura+UdzcujZxqhn3WSxjfROC4VJE3EeBkt8kmoMKJa+FvbOhX7vj2og4usJ+whsKOpFoCwZopWbxIAtQyBanAeuKwa3b9GigRaeLoHV8T4MOKAX0J3Q+aBZLbtkdgc4Sb0JKZIJqs/gZtGKWKh4hk2BM3XMTbGSgUTDJB4UgNTwB1oMOr1sageKmkY0OG9A9q7RoO9b2RUhH6u+JDJQxfRXapALsmmlvKP7n1VNsnzQyESUp8oiNF7VTSTGmw5ZoS2jOUPYtAaaF/StlXdDA0HZZsCV40yfPEv+wfFr2Lo9KFXfSRp7skF2yTzxyTCrkglSJTxh5IE/khbw6j86z8+a8j6M5ZzKzTf7A+fgGnkKfqA==</latexit>

Other possibilities for mediating SUSY breaking

e.g. AMSB

Large gravitino mass (tens of TeV)



Neutrinos

• Experimental results on neutrino masses 

6.80⇥ 10�5eV2  �m2
21  8.02⇥ 10�5eV2

<latexit sha1_base64="hBJ+OU+Qd9JY4tH/7m/NV2G1YJs="></latexit><latexit sha1_base64="hBJ+OU+Qd9JY4tH/7m/NV2G1YJs="></latexit><latexit sha1_base64="hBJ+OU+Qd9JY4tH/7m/NV2G1YJs="></latexit><latexit sha1_base64="hBJ+OU+Qd9JY4tH/7m/NV2G1YJs="></latexit>

2.399⇥ 10�3eV2  �m2
31  2.593⇥ 10�3eV2

<latexit sha1_base64="8STW+NCsM9TVXVWjw1rcLm0ER7s="></latexit><latexit sha1_base64="8STW+NCsM9TVXVWjw1rcLm0ER7s="></latexit><latexit sha1_base64="8STW+NCsM9TVXVWjw1rcLm0ER7s="></latexit><latexit sha1_base64="8STW+NCsM9TVXVWjw1rcLm0ER7s="></latexit>

0.27  sin2 ✓12  0.36, 0.39  sin2 ✓23  0.64,
<latexit sha1_base64="xA4m/6ZCrxlAu9j4dGwlk5qEeoo="></latexit><latexit sha1_base64="xA4m/6ZCrxlAu9j4dGwlk5qEeoo="></latexit><latexit sha1_base64="xA4m/6ZCrxlAu9j4dGwlk5qEeoo="></latexit><latexit sha1_base64="xA4m/6ZCrxlAu9j4dGwlk5qEeoo="></latexit>

0.01981  sin2 ✓13  0.02436
<latexit sha1_base64="ArGfMB8EgnsT+aqAdqueeg67flQ=">AAACF3icbVC7TsMwFHV4lvIqMLJYFCSmkrSIx1aJhbFIlCI1IXLcW2rhOMG+QaqifgYLv8LCAIgVNv4G9zHwOpKlo3PO1fU9USqFQdf9dKamZ2bn5gsLxcWl5ZXV0tr6hUkyzaHJE5noy4gZkEJBEwVKuEw1sDiS0IpuToZ+6w60EYk6x34KQcyulegKztBKYWlv26243vGRR30Jt9Q3Ql1Vcx97gCzMvdpgMDZsqrpfO9gOS2VLR6B/iTchZTJBIyx9+J2EZzEo5JIZ0/bcFIOcaRRcwqDoZwZSxm/YNbQtVSwGE+SjwwZ0xyod2k20fQrpSP0+kbPYmH4c2WTMsGd+e0PxP6+dYfcoyIVKMwTFx4u6maSY0GFLtCM0cJR9SxjXwv6V8h7TjKPtsmhL8H6f/Jc0q5XjindWLdfdSRsFskm2yC7xyCGpk1PSIE3CyT15JM/kxXlwnpxX520cnXImMxvkB5z3L1nTnF4=</latexit><latexit sha1_base64="ArGfMB8EgnsT+aqAdqueeg67flQ=">AAACF3icbVC7TsMwFHV4lvIqMLJYFCSmkrSIx1aJhbFIlCI1IXLcW2rhOMG+QaqifgYLv8LCAIgVNv4G9zHwOpKlo3PO1fU9USqFQdf9dKamZ2bn5gsLxcWl5ZXV0tr6hUkyzaHJE5noy4gZkEJBEwVKuEw1sDiS0IpuToZ+6w60EYk6x34KQcyulegKztBKYWlv26243vGRR30Jt9Q3Ql1Vcx97gCzMvdpgMDZsqrpfO9gOS2VLR6B/iTchZTJBIyx9+J2EZzEo5JIZ0/bcFIOcaRRcwqDoZwZSxm/YNbQtVSwGE+SjwwZ0xyod2k20fQrpSP0+kbPYmH4c2WTMsGd+e0PxP6+dYfcoyIVKMwTFx4u6maSY0GFLtCM0cJR9SxjXwv6V8h7TjKPtsmhL8H6f/Jc0q5XjindWLdfdSRsFskm2yC7xyCGpk1PSIE3CyT15JM/kxXlwnpxX520cnXImMxvkB5z3L1nTnF4=</latexit><latexit sha1_base64="ArGfMB8EgnsT+aqAdqueeg67flQ=">AAACF3icbVC7TsMwFHV4lvIqMLJYFCSmkrSIx1aJhbFIlCI1IXLcW2rhOMG+QaqifgYLv8LCAIgVNv4G9zHwOpKlo3PO1fU9USqFQdf9dKamZ2bn5gsLxcWl5ZXV0tr6hUkyzaHJE5noy4gZkEJBEwVKuEw1sDiS0IpuToZ+6w60EYk6x34KQcyulegKztBKYWlv26243vGRR30Jt9Q3Ql1Vcx97gCzMvdpgMDZsqrpfO9gOS2VLR6B/iTchZTJBIyx9+J2EZzEo5JIZ0/bcFIOcaRRcwqDoZwZSxm/YNbQtVSwGE+SjwwZ0xyod2k20fQrpSP0+kbPYmH4c2WTMsGd+e0PxP6+dYfcoyIVKMwTFx4u6maSY0GFLtCM0cJR9SxjXwv6V8h7TjKPtsmhL8H6f/Jc0q5XjindWLdfdSRsFskm2yC7xyCGpk1PSIE3CyT15JM/kxXlwnpxX520cnXImMxvkB5z3L1nTnF4=</latexit><latexit sha1_base64="ArGfMB8EgnsT+aqAdqueeg67flQ=">AAACF3icbVC7TsMwFHV4lvIqMLJYFCSmkrSIx1aJhbFIlCI1IXLcW2rhOMG+QaqifgYLv8LCAIgVNv4G9zHwOpKlo3PO1fU9USqFQdf9dKamZ2bn5gsLxcWl5ZXV0tr6hUkyzaHJE5noy4gZkEJBEwVKuEw1sDiS0IpuToZ+6w60EYk6x34KQcyulegKztBKYWlv26243vGRR30Jt9Q3Ql1Vcx97gCzMvdpgMDZsqrpfO9gOS2VLR6B/iTchZTJBIyx9+J2EZzEo5JIZ0/bcFIOcaRRcwqDoZwZSxm/YNbQtVSwGE+SjwwZ0xyod2k20fQrpSP0+kbPYmH4c2WTMsGd+e0PxP6+dYfcoyIVKMwTFx4u6maSY0GFLtCM0cJR9SxjXwv6V8h7TjKPtsmhL8H6f/Jc0q5XjindWLdfdSRsFskm2yC7xyCGpk1PSIE3CyT15JM/kxXlwnpxX520cnXImMxvkB5z3L1nTnF4=</latexit>

�m2
ij ⌘ m2

i �m2
j

<latexit sha1_base64="aE37pQUgg0LZdzQ7Sbmb5QF77co=">AAACDnicbVC7TgJBFJ3FF+Jr1dJmImhsJLs0akeihSUmrpDAupkdLjAw+3BmloRs+AMbf8XGQo2ttZ1/47BQKHiSyZw5597cucePOZPKsr6N3NLyyupafr2wsbm1vWPu7t3JKBEUHBrxSDR8IoGzEBzFFIdGLIAEPoe6P7ic+PUhCMmi8FaNYnAD0g1Zh1GitOSZx6XWFXBFcHBf8VLWH+MWPCRsmL0ZPs3ufskzi1bZyoAXiT0jRTRDzTO/Wu2IJgGEinIiZdO2YuWmRChGOYwLrURCTOiAdKGpaUgCkG6a7TPGR1pp404k9AkVztTfHSkJpBwFvq4MiOrJeW8i/uc1E9U5d1MWxomCkE4HdRKOVYQn4eA2E0AVH2lCqGD6r5j2iCBU6QgLOgR7fuVF4lTKF2X7plKsWrM08ugAHaITZKMzVEXXqIYcRNEjekav6M14Ml6Md+NjWpozZj376A+Mzx9hwJp6</latexit><latexit sha1_base64="aE37pQUgg0LZdzQ7Sbmb5QF77co=">AAACDnicbVC7TgJBFJ3FF+Jr1dJmImhsJLs0akeihSUmrpDAupkdLjAw+3BmloRs+AMbf8XGQo2ttZ1/47BQKHiSyZw5597cucePOZPKsr6N3NLyyupafr2wsbm1vWPu7t3JKBEUHBrxSDR8IoGzEBzFFIdGLIAEPoe6P7ic+PUhCMmi8FaNYnAD0g1Zh1GitOSZx6XWFXBFcHBf8VLWH+MWPCRsmL0ZPs3ufskzi1bZyoAXiT0jRTRDzTO/Wu2IJgGEinIiZdO2YuWmRChGOYwLrURCTOiAdKGpaUgCkG6a7TPGR1pp404k9AkVztTfHSkJpBwFvq4MiOrJeW8i/uc1E9U5d1MWxomCkE4HdRKOVYQn4eA2E0AVH2lCqGD6r5j2iCBU6QgLOgR7fuVF4lTKF2X7plKsWrM08ugAHaITZKMzVEXXqIYcRNEjekav6M14Ml6Md+NjWpozZj376A+Mzx9hwJp6</latexit><latexit sha1_base64="aE37pQUgg0LZdzQ7Sbmb5QF77co=">AAACDnicbVC7TgJBFJ3FF+Jr1dJmImhsJLs0akeihSUmrpDAupkdLjAw+3BmloRs+AMbf8XGQo2ttZ1/47BQKHiSyZw5597cucePOZPKsr6N3NLyyupafr2wsbm1vWPu7t3JKBEUHBrxSDR8IoGzEBzFFIdGLIAEPoe6P7ic+PUhCMmi8FaNYnAD0g1Zh1GitOSZx6XWFXBFcHBf8VLWH+MWPCRsmL0ZPs3ufskzi1bZyoAXiT0jRTRDzTO/Wu2IJgGEinIiZdO2YuWmRChGOYwLrURCTOiAdKGpaUgCkG6a7TPGR1pp404k9AkVztTfHSkJpBwFvq4MiOrJeW8i/uc1E9U5d1MWxomCkE4HdRKOVYQn4eA2E0AVH2lCqGD6r5j2iCBU6QgLOgR7fuVF4lTKF2X7plKsWrM08ugAHaITZKMzVEXXqIYcRNEjekav6M14Ml6Md+NjWpozZj376A+Mzx9hwJp6</latexit><latexit sha1_base64="aE37pQUgg0LZdzQ7Sbmb5QF77co=">AAACDnicbVC7TgJBFJ3FF+Jr1dJmImhsJLs0akeihSUmrpDAupkdLjAw+3BmloRs+AMbf8XGQo2ttZ1/47BQKHiSyZw5597cucePOZPKsr6N3NLyyupafr2wsbm1vWPu7t3JKBEUHBrxSDR8IoGzEBzFFIdGLIAEPoe6P7ic+PUhCMmi8FaNYnAD0g1Zh1GitOSZx6XWFXBFcHBf8VLWH+MWPCRsmL0ZPs3ufskzi1bZyoAXiT0jRTRDzTO/Wu2IJgGEinIiZdO2YuWmRChGOYwLrURCTOiAdKGpaUgCkG6a7TPGR1pp404k9AkVztTfHSkJpBwFvq4MiOrJeW8i/uc1E9U5d1MWxomCkE4HdRKOVYQn4eA2E0AVH2lCqGD6r5j2iCBU6QgLOgR7fuVF4lTKF2X7plKsWrM08ugAHaITZKMzVEXXqIYcRNEjekav6M14Ml6Md+NjWpozZj376A+Mzx9hwJp6</latexit>

 neutrino masses and mixing angle

The data can be explained well with

• One needs to go to a theory beyond the SM

• SUSY predicts new particles at the TeV scale

• Tempting to see whether TeV scale SUSY can explain 
the observed pattern of neutrino masses and mixing

non-zero



• Some of the ways in which SUSY can be of special 
significance to neutrino masses 

• SUSY can provide new scales. Open up additional 
possibilities in the neutrino sector - helpful in explaining 
mass hierarchies 

• Extended particle spectrum in SUSY can lead to 
mechanism for mass generation, e.g. through additional 
radiative effects 

• Possibilities of low energy lepton number violation inbuilt in 
certain types of SUSY theories might lead to generation of 
Majorana masses

SUSY and neutrinos



SUSY and neutrinos

• In the MSSM neutrinos are exactly massless

• Consider supersymmetric extension of an extended SM
that contains Majorana neutrino masses

• In such models the lepton number violation can generate
interesting phenomena in the sector of supersymmetric 
leptons

• The effect of �L = 2
<latexit sha1_base64="tTwPzpJRkmBxFlcs+wRFB7GvzRo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR1INQ0IMHDxWMLTShbLaTdulmE3YnQin9G148qHj113jz37j9QLT1wcDjvRlm5kWZFAZd98tZWl5ZXVsvbBQ3t7Z3dkt7+w8mzTUHn6cy1c2IGZBCgY8CJTQzDSyJJDSi/tXYbzyCNiJV9zjIIExYV4lYcIZWCoJrkMjoLb2k1Xap7FbcCegP8eZJmcxQb5c+g07K8wQUcsmMaXluhuGQaRRcwqgY5AYyxvusCy1LFUvAhMPJzSN6bJUOjVNtSyGdqL8nhiwxZpBEtjNh2DPz3lj8z2vlGJ+HQ6GyHEHx6aI4lxRTOg6AdoQGjnJgCeNa2Fsp7zHNONqYijaEhZcXiV+tXFS8u9NyzZ2lUSCH5IicEI+ckRq5IXXiE04y8kReyKuTO8/Om/M+bV1yZjMH5A+cj29jK5AW</latexit><latexit sha1_base64="tTwPzpJRkmBxFlcs+wRFB7GvzRo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR1INQ0IMHDxWMLTShbLaTdulmE3YnQin9G148qHj113jz37j9QLT1wcDjvRlm5kWZFAZd98tZWl5ZXVsvbBQ3t7Z3dkt7+w8mzTUHn6cy1c2IGZBCgY8CJTQzDSyJJDSi/tXYbzyCNiJV9zjIIExYV4lYcIZWCoJrkMjoLb2k1Xap7FbcCegP8eZJmcxQb5c+g07K8wQUcsmMaXluhuGQaRRcwqgY5AYyxvusCy1LFUvAhMPJzSN6bJUOjVNtSyGdqL8nhiwxZpBEtjNh2DPz3lj8z2vlGJ+HQ6GyHEHx6aI4lxRTOg6AdoQGjnJgCeNa2Fsp7zHNONqYijaEhZcXiV+tXFS8u9NyzZ2lUSCH5IicEI+ckRq5IXXiE04y8kReyKuTO8/Om/M+bV1yZjMH5A+cj29jK5AW</latexit><latexit sha1_base64="tTwPzpJRkmBxFlcs+wRFB7GvzRo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR1INQ0IMHDxWMLTShbLaTdulmE3YnQin9G148qHj113jz37j9QLT1wcDjvRlm5kWZFAZd98tZWl5ZXVsvbBQ3t7Z3dkt7+w8mzTUHn6cy1c2IGZBCgY8CJTQzDSyJJDSi/tXYbzyCNiJV9zjIIExYV4lYcIZWCoJrkMjoLb2k1Xap7FbcCegP8eZJmcxQb5c+g07K8wQUcsmMaXluhuGQaRRcwqgY5AYyxvusCy1LFUvAhMPJzSN6bJUOjVNtSyGdqL8nhiwxZpBEtjNh2DPz3lj8z2vlGJ+HQ6GyHEHx6aI4lxRTOg6AdoQGjnJgCeNa2Fsp7zHNONqYijaEhZcXiV+tXFS8u9NyzZ2lUSCH5IicEI+ckRq5IXXiE04y8kReyKuTO8/Om/M+bV1yZjMH5A+cj29jK5AW</latexit><latexit sha1_base64="tTwPzpJRkmBxFlcs+wRFB7GvzRo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR1INQ0IMHDxWMLTShbLaTdulmE3YnQin9G148qHj113jz37j9QLT1wcDjvRlm5kWZFAZd98tZWl5ZXVsvbBQ3t7Z3dkt7+w8mzTUHn6cy1c2IGZBCgY8CJTQzDSyJJDSi/tXYbzyCNiJV9zjIIExYV4lYcIZWCoJrkMjoLb2k1Xap7FbcCegP8eZJmcxQb5c+g07K8wQUcsmMaXluhuGQaRRcwqgY5AYyxvusCy1LFUvAhMPJzSN6bJUOjVNtSyGdqL8nhiwxZpBEtjNh2DPz3lj8z2vlGJ+HQ6GyHEHx6aI4lxRTOg6AdoQGjnJgCeNa2Fsp7zHNONqYijaEhZcXiV+tXFS8u9NyzZ2lUSCH5IicEI+ckRq5IXXiE04y8kReyKuTO8/Om/M+bV1yZjMH5A+cj29jK5AW</latexit>  operators is to introduce a mass 

splitting and mixing into the sneutrino-antisneutrino system

• Or �L = 1
<latexit sha1_base64="KwW1oEhZrcQPFEN0kdCV2CGYk/Y=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUA9CQQ8ePFQwttCEstlO26WbTdidCCX0b3jxoOLVX+PNf+P2A9HWBwOP92aYmRelUhh03S+nsLS8srpWXC9tbG5t75R39x5MkmkOPk9kopsRMyCFAh8FSmimGlgcSWhEg6ux33gEbUSi7nGYQhiznhJdwRlaKQiuQSKjt/SSeu1yxa26E9Af4s2TCpmh3i5/Bp2EZzEo5JIZ0/LcFMOcaRRcwqgUZAZSxgesBy1LFYvBhPnk5hE9skqHdhNtSyGdqL8nchYbM4wj2xkz7Jt5byz+57Uy7J6HuVBphqD4dFE3kxQTOg6AdoQGjnJoCeNa2Fsp7zPNONqYSjaEhZcXiX9Svah6d6eVmjtLo0gOyCE5Jh45IzVyQ+rEJ5yk5Im8kFcnc56dN+d92lpwZjP75A+cj29hqJAV</latexit><latexit sha1_base64="KwW1oEhZrcQPFEN0kdCV2CGYk/Y=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUA9CQQ8ePFQwttCEstlO26WbTdidCCX0b3jxoOLVX+PNf+P2A9HWBwOP92aYmRelUhh03S+nsLS8srpWXC9tbG5t75R39x5MkmkOPk9kopsRMyCFAh8FSmimGlgcSWhEg6ux33gEbUSi7nGYQhiznhJdwRlaKQiuQSKjt/SSeu1yxa26E9Af4s2TCpmh3i5/Bp2EZzEo5JIZ0/LcFMOcaRRcwqgUZAZSxgesBy1LFYvBhPnk5hE9skqHdhNtSyGdqL8nchYbM4wj2xkz7Jt5byz+57Uy7J6HuVBphqD4dFE3kxQTOg6AdoQGjnJoCeNa2Fsp7zPNONqYSjaEhZcXiX9Svah6d6eVmjtLo0gOyCE5Jh45IzVyQ+rEJ5yk5Im8kFcnc56dN+d92lpwZjP75A+cj29hqJAV</latexit><latexit sha1_base64="KwW1oEhZrcQPFEN0kdCV2CGYk/Y=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUA9CQQ8ePFQwttCEstlO26WbTdidCCX0b3jxoOLVX+PNf+P2A9HWBwOP92aYmRelUhh03S+nsLS8srpWXC9tbG5t75R39x5MkmkOPk9kopsRMyCFAh8FSmimGlgcSWhEg6ux33gEbUSi7nGYQhiznhJdwRlaKQiuQSKjt/SSeu1yxa26E9Af4s2TCpmh3i5/Bp2EZzEo5JIZ0/LcFMOcaRRcwqgUZAZSxgesBy1LFYvBhPnk5hE9skqHdhNtSyGdqL8nchYbM4wj2xkz7Jt5byz+57Uy7J6HuVBphqD4dFE3kxQTOg6AdoQGjnJoCeNa2Fsp7zPNONqYSjaEhZcXiX9Svah6d6eVmjtLo0gOyCE5Jh45IzVyQ+rEJ5yk5Im8kFcnc56dN+d92lpwZjP75A+cj29hqJAV</latexit><latexit sha1_base64="KwW1oEhZrcQPFEN0kdCV2CGYk/Y=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUA9CQQ8ePFQwttCEstlO26WbTdidCCX0b3jxoOLVX+PNf+P2A9HWBwOP92aYmRelUhh03S+nsLS8srpWXC9tbG5t75R39x5MkmkOPk9kopsRMyCFAh8FSmimGlgcSWhEg6ux33gEbUSi7nGYQhiznhJdwRlaKQiuQSKjt/SSeu1yxa26E9Af4s2TCpmh3i5/Bp2EZzEo5JIZ0/LcFMOcaRRcwqgUZAZSxgesBy1LFYvBhPnk5hE9skqHdhNtSyGdqL8nchYbM4wj2xkz7Jt5byz+57Uy7J6HuVBphqD4dFE3kxQTOg6AdoQGjnJoCeNa2Fsp7zPNONqYSjaEhZcXiX9Svah6d6eVmjtLo0gOyCE5Jh45IzVyQ+rEJ5yk5Im8kFcnc56dN+d92lpwZjP75A+cj29hqJAV</latexit> operators (R-parity violating SUSY)

• LSP decays - interesting phenomenology at the LHC



Majorana masses - �L = 2
<latexit sha1_base64="tTwPzpJRkmBxFlcs+wRFB7GvzRo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR1INQ0IMHDxWMLTShbLaTdulmE3YnQin9G148qHj113jz37j9QLT1wcDjvRlm5kWZFAZd98tZWl5ZXVsvbBQ3t7Z3dkt7+w8mzTUHn6cy1c2IGZBCgY8CJTQzDSyJJDSi/tXYbzyCNiJV9zjIIExYV4lYcIZWCoJrkMjoLb2k1Xap7FbcCegP8eZJmcxQb5c+g07K8wQUcsmMaXluhuGQaRRcwqgY5AYyxvusCy1LFUvAhMPJzSN6bJUOjVNtSyGdqL8nhiwxZpBEtjNh2DPz3lj8z2vlGJ+HQ6GyHEHx6aI4lxRTOg6AdoQGjnJgCeNa2Fsp7zHNONqYijaEhZcXiV+tXFS8u9NyzZ2lUSCH5IicEI+ckRq5IXXiE04y8kReyKuTO8/Om/M+bV1yZjMH5A+cj29jK5AW</latexit><latexit sha1_base64="tTwPzpJRkmBxFlcs+wRFB7GvzRo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR1INQ0IMHDxWMLTShbLaTdulmE3YnQin9G148qHj113jz37j9QLT1wcDjvRlm5kWZFAZd98tZWl5ZXVsvbBQ3t7Z3dkt7+w8mzTUHn6cy1c2IGZBCgY8CJTQzDSyJJDSi/tXYbzyCNiJV9zjIIExYV4lYcIZWCoJrkMjoLb2k1Xap7FbcCegP8eZJmcxQb5c+g07K8wQUcsmMaXluhuGQaRRcwqgY5AYyxvusCy1LFUvAhMPJzSN6bJUOjVNtSyGdqL8nhiwxZpBEtjNh2DPz3lj8z2vlGJ+HQ6GyHEHx6aI4lxRTOg6AdoQGjnJgCeNa2Fsp7zHNONqYijaEhZcXiV+tXFS8u9NyzZ2lUSCH5IicEI+ckRq5IXXiE04y8kReyKuTO8/Om/M+bV1yZjMH5A+cj29jK5AW</latexit><latexit sha1_base64="tTwPzpJRkmBxFlcs+wRFB7GvzRo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR1INQ0IMHDxWMLTShbLaTdulmE3YnQin9G148qHj113jz37j9QLT1wcDjvRlm5kWZFAZd98tZWl5ZXVsvbBQ3t7Z3dkt7+w8mzTUHn6cy1c2IGZBCgY8CJTQzDSyJJDSi/tXYbzyCNiJV9zjIIExYV4lYcIZWCoJrkMjoLb2k1Xap7FbcCegP8eZJmcxQb5c+g07K8wQUcsmMaXluhuGQaRRcwqgY5AYyxvusCy1LFUvAhMPJzSN6bJUOjVNtSyGdqL8nhiwxZpBEtjNh2DPz3lj8z2vlGJ+HQ6GyHEHx6aI4lxRTOg6AdoQGjnJgCeNa2Fsp7zHNONqYijaEhZcXiV+tXFS8u9NyzZ2lUSCH5IicEI+ckRq5IXXiE04y8kReyKuTO8/Om/M+bV1yZjMH5A+cj29jK5AW</latexit><latexit sha1_base64="tTwPzpJRkmBxFlcs+wRFB7GvzRo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR1INQ0IMHDxWMLTShbLaTdulmE3YnQin9G148qHj113jz37j9QLT1wcDjvRlm5kWZFAZd98tZWl5ZXVsvbBQ3t7Z3dkt7+w8mzTUHn6cy1c2IGZBCgY8CJTQzDSyJJDSi/tXYbzyCNiJV9zjIIExYV4lYcIZWCoJrkMjoLb2k1Xap7FbcCegP8eZJmcxQb5c+g07K8wQUcsmMaXluhuGQaRRcwqgY5AYyxvusCy1LFUvAhMPJzSN6bJUOjVNtSyGdqL8nhiwxZpBEtjNh2DPz3lj8z2vlGJ+HQ6GyHEHx6aI4lxRTOg6AdoQGjnJgCeNa2Fsp7zHNONqYijaEhZcXiV+tXFS8u9NyzZ2lUSCH5IicEI+ckRq5IXXiE04y8kReyKuTO8/Om/M+bV1yZjMH5A+cj29jK5AW</latexit> seesaw  mechanism

In the context of MSSM, supplement ⌫̂i
<latexit sha1_base64="UEPd1cXZGiyIrg2jil6InA+/eFI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFtsQtlsN+3SzSbsToQS+i+8eFDx6s/x5r9x+4Fo64OBx3szzMyLMikMuu6XU1pZXVvfKG9WtrZ3dveq+wf3Js014z5LZarbETVcCsV9FCh5O9OcJpHkrWh4PfFbj1wbkao7HGU8TGhfiVgwilZ6CAYUSaDyruhWa27dnYL8EG+R1GCOZrf6GfRSlidcIZPUmI7nZhgWVKNgko8rQW54RtmQ9nnHUkUTbsJievGYnFilR+JU21JIpurviYImxoySyHYmFAdm0ZuI/3mdHOPLsBAqy5ErNlsU55JgSibvk57QnKEcWUKZFvZWwgZUU4Y2pIoNYenlZeKf1a/q3u15reHO0yjDERzDKXhwAQ24gSb4wEDBE7zAq2OcZ+fNeZ+1lpz5zCH8gfPxDaOVkGE=</latexit><latexit sha1_base64="UEPd1cXZGiyIrg2jil6InA+/eFI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFtsQtlsN+3SzSbsToQS+i+8eFDx6s/x5r9x+4Fo64OBx3szzMyLMikMuu6XU1pZXVvfKG9WtrZ3dveq+wf3Js014z5LZarbETVcCsV9FCh5O9OcJpHkrWh4PfFbj1wbkao7HGU8TGhfiVgwilZ6CAYUSaDyruhWa27dnYL8EG+R1GCOZrf6GfRSlidcIZPUmI7nZhgWVKNgko8rQW54RtmQ9nnHUkUTbsJievGYnFilR+JU21JIpurviYImxoySyHYmFAdm0ZuI/3mdHOPLsBAqy5ErNlsU55JgSibvk57QnKEcWUKZFvZWwgZUU4Y2pIoNYenlZeKf1a/q3u15reHO0yjDERzDKXhwAQ24gSb4wEDBE7zAq2OcZ+fNeZ+1lpz5zCH8gfPxDaOVkGE=</latexit><latexit sha1_base64="UEPd1cXZGiyIrg2jil6InA+/eFI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFtsQtlsN+3SzSbsToQS+i+8eFDx6s/x5r9x+4Fo64OBx3szzMyLMikMuu6XU1pZXVvfKG9WtrZ3dveq+wf3Js014z5LZarbETVcCsV9FCh5O9OcJpHkrWh4PfFbj1wbkao7HGU8TGhfiVgwilZ6CAYUSaDyruhWa27dnYL8EG+R1GCOZrf6GfRSlidcIZPUmI7nZhgWVKNgko8rQW54RtmQ9nnHUkUTbsJievGYnFilR+JU21JIpurviYImxoySyHYmFAdm0ZuI/3mdHOPLsBAqy5ErNlsU55JgSibvk57QnKEcWUKZFvZWwgZUU4Y2pIoNYenlZeKf1a/q3u15reHO0yjDERzDKXhwAQ24gSb4wEDBE7zAq2OcZ+fNeZ+1lpz5zCH8gfPxDaOVkGE=</latexit><latexit sha1_base64="UEPd1cXZGiyIrg2jil6InA+/eFI=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFtsQtlsN+3SzSbsToQS+i+8eFDx6s/x5r9x+4Fo64OBx3szzMyLMikMuu6XU1pZXVvfKG9WtrZ3dveq+wf3Js014z5LZarbETVcCsV9FCh5O9OcJpHkrWh4PfFbj1wbkao7HGU8TGhfiVgwilZ6CAYUSaDyruhWa27dnYL8EG+R1GCOZrf6GfRSlidcIZPUmI7nZhgWVKNgko8rQW54RtmQ9nnHUkUTbsJievGYnFilR+JU21JIpurviYImxoySyHYmFAdm0ZuI/3mdHOPLsBAqy5ErNlsU55JgSibvk57QnKEcWUKZFvZWwgZUU4Y2pIoNYenlZeKf1a/q3u15reHO0yjDERzDKXhwAQ24gSb4wEDBE7zAq2OcZ+fNeZ+1lpz5zCH8gfPxDaOVkGE=</latexit>

(contained in  SU(2)L
<latexit sha1_base64="7VBIWGLhOUwW5MOkSoS8mltgviE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2ETBPUW8OLBQ0TXBJIlzE56kyGzs8vMrBCWfIQXDype/R9v/o2TB6KJBQ1FVTfdXUEiuDau++XkVlbX1jfym4Wt7Z3dveL+wYOOU8XQY7GIVSugGgWX6BluBLYShTQKBDaD4dXEbz6i0jyW92aUoB/RvuQhZ9RYqXnnlWun3ZtuseRW3CnID6kukhLM0egWPzu9mKURSsME1bpddRPjZ1QZzgSOC51UY0LZkPaxbamkEWo/m547JidW6ZEwVrakIVP190RGI61HUWA7I2oGetGbiP957dSEF37GZZIalGy2KEwFMTGZ/E56XCEzYmQJZYrbWwkbUEWZsQkVbAhLLy8Tr1a5rFRvz0p1d55GHo7gGMpQhXOowzU0wAMGQ3iCF3h1EufZeXPeZ605Zz5zCH/gfHwDRNuOWQ==</latexit><latexit sha1_base64="7VBIWGLhOUwW5MOkSoS8mltgviE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2ETBPUW8OLBQ0TXBJIlzE56kyGzs8vMrBCWfIQXDype/R9v/o2TB6KJBQ1FVTfdXUEiuDau++XkVlbX1jfym4Wt7Z3dveL+wYOOU8XQY7GIVSugGgWX6BluBLYShTQKBDaD4dXEbz6i0jyW92aUoB/RvuQhZ9RYqXnnlWun3ZtuseRW3CnID6kukhLM0egWPzu9mKURSsME1bpddRPjZ1QZzgSOC51UY0LZkPaxbamkEWo/m547JidW6ZEwVrakIVP190RGI61HUWA7I2oGetGbiP957dSEF37GZZIalGy2KEwFMTGZ/E56XCEzYmQJZYrbWwkbUEWZsQkVbAhLLy8Tr1a5rFRvz0p1d55GHo7gGMpQhXOowzU0wAMGQ3iCF3h1EufZeXPeZ605Zz5zCH/gfHwDRNuOWQ==</latexit><latexit sha1_base64="7VBIWGLhOUwW5MOkSoS8mltgviE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2ETBPUW8OLBQ0TXBJIlzE56kyGzs8vMrBCWfIQXDype/R9v/o2TB6KJBQ1FVTfdXUEiuDau++XkVlbX1jfym4Wt7Z3dveL+wYOOU8XQY7GIVSugGgWX6BluBLYShTQKBDaD4dXEbz6i0jyW92aUoB/RvuQhZ9RYqXnnlWun3ZtuseRW3CnID6kukhLM0egWPzu9mKURSsME1bpddRPjZ1QZzgSOC51UY0LZkPaxbamkEWo/m547JidW6ZEwVrakIVP190RGI61HUWA7I2oGetGbiP957dSEF37GZZIalGy2KEwFMTGZ/E56XCEzYmQJZYrbWwkbUEWZsQkVbAhLLy8Tr1a5rFRvz0p1d55GHo7gGMpQhXOowzU0wAMGQ3iCF3h1EufZeXPeZ605Zz5zCH/gfHwDRNuOWQ==</latexit><latexit sha1_base64="7VBIWGLhOUwW5MOkSoS8mltgviE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2ETBPUW8OLBQ0TXBJIlzE56kyGzs8vMrBCWfIQXDype/R9v/o2TB6KJBQ1FVTfdXUEiuDau++XkVlbX1jfym4Wt7Z3dveL+wYOOU8XQY7GIVSugGgWX6BluBLYShTQKBDaD4dXEbz6i0jyW92aUoB/RvuQhZ9RYqXnnlWun3ZtuseRW3CnID6kukhLM0egWPzu9mKURSsME1bpddRPjZ1QZzgSOC51UY0LZkPaxbamkEWo/m547JidW6ZEwVrakIVP190RGI61HUWA7I2oGetGbiP957dSEF37GZZIalGy2KEwFMTGZ/E56XCEzYmQJZYrbWwkbUEWZsQkVbAhLLy8Tr1a5rFRvz0p1d55GHo7gGMpQhXOowzU0wAMGQ3iCF3h1EufZeXPeZ605Zz5zCH/gfHwDRNuOWQ==</latexit>

doublet L̂i
<latexit sha1_base64="1VA/Um7ySwTNmtxROjldT2qLvCE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx48VDC20Iay2W7apZtNujsRSuif8OJBxau/x5v/xu0Hoq0PBh7vzTAzL0ylMOi6X05hZXVtfaO4Wdra3tndK+8fPJgk04z7LJGJbobUcCkU91Gg5M1UcxqHkjfCwfXEbzxybUSi7nGU8iCmPSUiwShaqdnuUyS3HdEpV9yqOwX5Id4iqcAc9U75s91NWBZzhUxSY1qem2KQU42CST4utTPDU8oGtMdblioacxPk03vH5MQqXRIl2pZCMlV/T+Q0NmYUh7Yzptg3i95E/M9rZRhdBrlQaYZcsdmiKJMEEzJ5nnSF5gzlyBLKtLC3EtanmjK0EZVsCEsvLxP/rHpV9e7OKzV3nkYRjuAYTsGDC6jBDdTBBwYSnuAFXp2h8+y8Oe+z1oIznzmEP3A+vgHjvI9a</latexit><latexit sha1_base64="1VA/Um7ySwTNmtxROjldT2qLvCE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx48VDC20Iay2W7apZtNujsRSuif8OJBxau/x5v/xu0Hoq0PBh7vzTAzL0ylMOi6X05hZXVtfaO4Wdra3tndK+8fPJgk04z7LJGJbobUcCkU91Gg5M1UcxqHkjfCwfXEbzxybUSi7nGU8iCmPSUiwShaqdnuUyS3HdEpV9yqOwX5Id4iqcAc9U75s91NWBZzhUxSY1qem2KQU42CST4utTPDU8oGtMdblioacxPk03vH5MQqXRIl2pZCMlV/T+Q0NmYUh7Yzptg3i95E/M9rZRhdBrlQaYZcsdmiKJMEEzJ5nnSF5gzlyBLKtLC3EtanmjK0EZVsCEsvLxP/rHpV9e7OKzV3nkYRjuAYTsGDC6jBDdTBBwYSnuAFXp2h8+y8Oe+z1oIznzmEP3A+vgHjvI9a</latexit><latexit sha1_base64="1VA/Um7ySwTNmtxROjldT2qLvCE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx48VDC20Iay2W7apZtNujsRSuif8OJBxau/x5v/xu0Hoq0PBh7vzTAzL0ylMOi6X05hZXVtfaO4Wdra3tndK+8fPJgk04z7LJGJbobUcCkU91Gg5M1UcxqHkjfCwfXEbzxybUSi7nGU8iCmPSUiwShaqdnuUyS3HdEpV9yqOwX5Id4iqcAc9U75s91NWBZzhUxSY1qem2KQU42CST4utTPDU8oGtMdblioacxPk03vH5MQqXRIl2pZCMlV/T+Q0NmYUh7Yzptg3i95E/M9rZRhdBrlQaYZcsdmiKJMEEzJ5nnSF5gzlyBLKtLC3EtanmjK0EZVsCEsvLxP/rHpV9e7OKzV3nkYRjuAYTsGDC6jBDdTBBwYSnuAFXp2h8+y8Oe+z1oIznzmEP3A+vgHjvI9a</latexit><latexit sha1_base64="1VA/Um7ySwTNmtxROjldT2qLvCE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx48VDC20Iay2W7apZtNujsRSuif8OJBxau/x5v/xu0Hoq0PBh7vzTAzL0ylMOi6X05hZXVtfaO4Wdra3tndK+8fPJgk04z7LJGJbobUcCkU91Gg5M1UcxqHkjfCwfXEbzxybUSi7nGU8iCmPSUiwShaqdnuUyS3HdEpV9yqOwX5Id4iqcAc9U75s91NWBZzhUxSY1qem2KQU42CST4utTPDU8oGtMdblioacxPk03vH5MQqXRIl2pZCMlV/T+Q0NmYUh7Yzptg3i95E/M9rZRhdBrlQaYZcsdmiKJMEEzJ5nnSF5gzlyBLKtLC3EtanmjK0EZVsCEsvLxP/rHpV9e7OKzV3nkYRjuAYTsGDC6jBDdTBBwYSnuAFXp2h8+y8Oe+z1oIznzmEP3A+vgHjvI9a</latexit>

) with gauge singlet ⌫̂ci
<latexit sha1_base64="Ho+3wYallH/+RZeru56HNtPehSw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFto07LZbtqlm03YnSgl9H948aDi1R/jzX/j9gPR1gcDj/dmmJkXplIYdN0vp7Cyura+UdwsbW3v7O6V9w/uTZJpxn2WyEQ3Q2q4FIr7KFDyZqo5jUPJG+HweuI3Hrg2IlF3OEp5ENO+EpFgFK3UydsDiqStsnGHdUW3XHGr7hTkh3iLpAJz1Lvlz3YvYVnMFTJJjWl5bopBTjUKJvm41M4MTykb0j5vWapozE2QT68ekxOr9EiUaFsKyVT9PZHT2JhRHNrOmOLALHoT8T+vlWF0GeRCpRlyxWaLokwSTMgkAtITmjOUI0so08LeStiAasrQBlWyISy9vEz8s+pV1bs9r9TceRpFOIJjOAUPLqAGN1AHHxhoeIIXeHUenWfnzXmftRac+cwh/IHz8Q3lSJJC</latexit><latexit sha1_base64="Ho+3wYallH/+RZeru56HNtPehSw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFto07LZbtqlm03YnSgl9H948aDi1R/jzX/j9gPR1gcDj/dmmJkXplIYdN0vp7Cyura+UdwsbW3v7O6V9w/uTZJpxn2WyEQ3Q2q4FIr7KFDyZqo5jUPJG+HweuI3Hrg2IlF3OEp5ENO+EpFgFK3UydsDiqStsnGHdUW3XHGr7hTkh3iLpAJz1Lvlz3YvYVnMFTJJjWl5bopBTjUKJvm41M4MTykb0j5vWapozE2QT68ekxOr9EiUaFsKyVT9PZHT2JhRHNrOmOLALHoT8T+vlWF0GeRCpRlyxWaLokwSTMgkAtITmjOUI0so08LeStiAasrQBlWyISy9vEz8s+pV1bs9r9TceRpFOIJjOAUPLqAGN1AHHxhoeIIXeHUenWfnzXmftRac+cwh/IHz8Q3lSJJC</latexit><latexit sha1_base64="Ho+3wYallH/+RZeru56HNtPehSw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFto07LZbtqlm03YnSgl9H948aDi1R/jzX/j9gPR1gcDj/dmmJkXplIYdN0vp7Cyura+UdwsbW3v7O6V9w/uTZJpxn2WyEQ3Q2q4FIr7KFDyZqo5jUPJG+HweuI3Hrg2IlF3OEp5ENO+EpFgFK3UydsDiqStsnGHdUW3XHGr7hTkh3iLpAJz1Lvlz3YvYVnMFTJJjWl5bopBTjUKJvm41M4MTykb0j5vWapozE2QT68ekxOr9EiUaFsKyVT9PZHT2JhRHNrOmOLALHoT8T+vlWF0GeRCpRlyxWaLokwSTMgkAtITmjOUI0so08LeStiAasrQBlWyISy9vEz8s+pV1bs9r9TceRpFOIJjOAUPLqAGN1AHHxhoeIIXeHUenWfnzXmftRac+cwh/IHz8Q3lSJJC</latexit><latexit sha1_base64="Ho+3wYallH/+RZeru56HNtPehSw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFto07LZbtqlm03YnSgl9H948aDi1R/jzX/j9gPR1gcDj/dmmJkXplIYdN0vp7Cyura+UdwsbW3v7O6V9w/uTZJpxn2WyEQ3Q2q4FIr7KFDyZqo5jUPJG+HweuI3Hrg2IlF3OEp5ENO+EpFgFK3UydsDiqStsnGHdUW3XHGr7hTkh3iLpAJz1Lvlz3YvYVnMFTJJjWl5bopBTjUKJvm41M4MTykb0j5vWapozE2QT68ekxOr9EiUaFsKyVT9PZHT2JhRHNrOmOLALHoT8T+vlWF0GeRCpRlyxWaLokwSTMgkAtITmjOUI0so08LeStiAasrQBlWyISy9vEz8s+pV1bs9r9TceRpFOIJjOAUPLqAGN1AHHxhoeIIXeHUenWfnzXmftRac+cwh/IHz8Q3lSJJC</latexit>

�W = Y ij
⌫ ĤuL̂i⌫̂

c
j +mij

M ⌫̂ci ⌫̂
c
j

<latexit sha1_base64="X7ZlGhwYOWVXNaMfByBMokywh7E="></latexit><latexit sha1_base64="X7ZlGhwYOWVXNaMfByBMokywh7E="></latexit><latexit sha1_base64="X7ZlGhwYOWVXNaMfByBMokywh7E="></latexit><latexit sha1_base64="X7ZlGhwYOWVXNaMfByBMokywh7E="></latexit>

Couplings Y⌫
<latexit sha1_base64="HFnhbPz51mWUp4jlws28kjShyXE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFtpQ9lsN+3SzSbsToQQ+hu8eFDx6h/y5r9x+4Fo64OBx3szzMwLUykMuu6XU1pZXVvfKG9WtrZ3dveq+wf3Jsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0PfFbj1wbkag7zFMexHSgRCQYRSv5D72uynrVmlt3pyA/xFskNZij2at+dvsJy2KukElqTMdzUwwKqlEwyceVbmZ4StmIDnjHUkVjboJieuyYnFilT6JE21JIpurviYLGxuRxaDtjikOz6E3E/7xOhtFlUAiVZsgVmy2KMkkwIZPPSV9ozlDmllCmhb2VsCHVlKHNp2JDWHp5mfhn9au6d3tea7jzNMpwBMdwCh5cQANuoAk+MBDwBC/w6ijn2Xlz3metJWc+cwh/4Hx8AysLjmY=</latexit><latexit sha1_base64="HFnhbPz51mWUp4jlws28kjShyXE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFtpQ9lsN+3SzSbsToQQ+hu8eFDx6h/y5r9x+4Fo64OBx3szzMwLUykMuu6XU1pZXVvfKG9WtrZ3dveq+wf3Jsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0PfFbj1wbkag7zFMexHSgRCQYRSv5D72uynrVmlt3pyA/xFskNZij2at+dvsJy2KukElqTMdzUwwKqlEwyceVbmZ4StmIDnjHUkVjboJieuyYnFilT6JE21JIpurviYLGxuRxaDtjikOz6E3E/7xOhtFlUAiVZsgVmy2KMkkwIZPPSV9ozlDmllCmhb2VsCHVlKHNp2JDWHp5mfhn9au6d3tea7jzNMpwBMdwCh5cQANuoAk+MBDwBC/w6ijn2Xlz3metJWc+cwh/4Hx8AysLjmY=</latexit><latexit sha1_base64="HFnhbPz51mWUp4jlws28kjShyXE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFtpQ9lsN+3SzSbsToQQ+hu8eFDx6h/y5r9x+4Fo64OBx3szzMwLUykMuu6XU1pZXVvfKG9WtrZ3dveq+wf3Jsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0PfFbj1wbkag7zFMexHSgRCQYRSv5D72uynrVmlt3pyA/xFskNZij2at+dvsJy2KukElqTMdzUwwKqlEwyceVbmZ4StmIDnjHUkVjboJieuyYnFilT6JE21JIpurviYLGxuRxaDtjikOz6E3E/7xOhtFlUAiVZsgVmy2KMkkwIZPPSV9ozlDmllCmhb2VsCHVlKHNp2JDWHp5mfhn9au6d3tea7jzNMpwBMdwCh5cQANuoAk+MBDwBC/w6ijn2Xlz3metJWc+cwh/4Hx8AysLjmY=</latexit><latexit sha1_base64="HFnhbPz51mWUp4jlws28kjShyXE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGFtpQ9lsN+3SzSbsToQQ+hu8eFDx6h/y5r9x+4Fo64OBx3szzMwLUykMuu6XU1pZXVvfKG9WtrZ3dveq+wf3Jsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0PfFbj1wbkag7zFMexHSgRCQYRSv5D72uynrVmlt3pyA/xFskNZij2at+dvsJy2KukElqTMdzUwwKqlEwyceVbmZ4StmIDnjHUkVjboJieuyYnFilT6JE21JIpurviYLGxuRxaDtjikOz6E3E/7xOhtFlUAiVZsgVmy2KMkkwIZPPSV9ozlDmllCmhb2VsCHVlKHNp2JDWHp5mfhn9au6d3tea7jzNMpwBMdwCh5cQANuoAk+MBDwBC/w6ijn2Xlz3metJWc+cwh/4Hx8AysLjmY=</latexit>

determine the Dirac masses for the neutrinos-

(mD ⌘ Y⌫vu)
<latexit sha1_base64="3MGeg6k5gi/CuNq5Ge5cAOsjVes=">AAAB/nicbVDLSsNAFJ3UV62vqODGzWAR6qYkIqi7gi5cVjC20oQwmU7aoZNJnEehxC78FTcuVNz6He78G6cPRFsPXDiccy/33hNljErlOF9WYWFxaXmluFpaW9/Y3LK3d25lqgUmHk5ZKpoRkoRRTjxFFSPNTBCURIw0ot7FyG/0iZA05TdqkJEgQR1OY4qRMlJo71WS8BL65F7TPrwLfa5hP9RHoV12qs4Y8Ie4s6QMpqiH9qffTrFOCFeYISlbrpOpIEdCUczIsORrSTKEe6hDWoZylBAZ5OP7h/DQKG0Yp8IUV3Cs/p7IUSLlIIlMZ4JUV856I/E/r6VVfBbklGdaEY4ni2LNoErhKAzYpoJgxQaGICyouRXiLhIIKxNZyYQw9/I88Y6r51X3+qRcc6ZpFME+OAAV4IJTUANXoA48gMEDeAIv4NV6tJ6tN+t90lqwpjO74A+sj2/MrpTS</latexit><latexit sha1_base64="3MGeg6k5gi/CuNq5Ge5cAOsjVes=">AAAB/nicbVDLSsNAFJ3UV62vqODGzWAR6qYkIqi7gi5cVjC20oQwmU7aoZNJnEehxC78FTcuVNz6He78G6cPRFsPXDiccy/33hNljErlOF9WYWFxaXmluFpaW9/Y3LK3d25lqgUmHk5ZKpoRkoRRTjxFFSPNTBCURIw0ot7FyG/0iZA05TdqkJEgQR1OY4qRMlJo71WS8BL65F7TPrwLfa5hP9RHoV12qs4Y8Ie4s6QMpqiH9qffTrFOCFeYISlbrpOpIEdCUczIsORrSTKEe6hDWoZylBAZ5OP7h/DQKG0Yp8IUV3Cs/p7IUSLlIIlMZ4JUV856I/E/r6VVfBbklGdaEY4ni2LNoErhKAzYpoJgxQaGICyouRXiLhIIKxNZyYQw9/I88Y6r51X3+qRcc6ZpFME+OAAV4IJTUANXoA48gMEDeAIv4NV6tJ6tN+t90lqwpjO74A+sj2/MrpTS</latexit><latexit sha1_base64="3MGeg6k5gi/CuNq5Ge5cAOsjVes=">AAAB/nicbVDLSsNAFJ3UV62vqODGzWAR6qYkIqi7gi5cVjC20oQwmU7aoZNJnEehxC78FTcuVNz6He78G6cPRFsPXDiccy/33hNljErlOF9WYWFxaXmluFpaW9/Y3LK3d25lqgUmHk5ZKpoRkoRRTjxFFSPNTBCURIw0ot7FyG/0iZA05TdqkJEgQR1OY4qRMlJo71WS8BL65F7TPrwLfa5hP9RHoV12qs4Y8Ie4s6QMpqiH9qffTrFOCFeYISlbrpOpIEdCUczIsORrSTKEe6hDWoZylBAZ5OP7h/DQKG0Yp8IUV3Cs/p7IUSLlIIlMZ4JUV856I/E/r6VVfBbklGdaEY4ni2LNoErhKAzYpoJgxQaGICyouRXiLhIIKxNZyYQw9/I88Y6r51X3+qRcc6ZpFME+OAAV4IJTUANXoA48gMEDeAIv4NV6tJ6tN+t90lqwpjO74A+sj2/MrpTS</latexit><latexit sha1_base64="3MGeg6k5gi/CuNq5Ge5cAOsjVes=">AAAB/nicbVDLSsNAFJ3UV62vqODGzWAR6qYkIqi7gi5cVjC20oQwmU7aoZNJnEehxC78FTcuVNz6He78G6cPRFsPXDiccy/33hNljErlOF9WYWFxaXmluFpaW9/Y3LK3d25lqgUmHk5ZKpoRkoRRTjxFFSPNTBCURIw0ot7FyG/0iZA05TdqkJEgQR1OY4qRMlJo71WS8BL65F7TPrwLfa5hP9RHoV12qs4Y8Ie4s6QMpqiH9qffTrFOCFeYISlbrpOpIEdCUczIsORrSTKEe6hDWoZylBAZ5OP7h/DQKG0Yp8IUV3Cs/p7IUSLlIIlMZ4JUV856I/E/r6VVfBbklGdaEY4ni2LNoErhKAzYpoJgxQaGICyouRXiLhIIKxNZyYQw9/I88Y6r51X3+qRcc6ZpFME+OAAV4IJTUANXoA48gMEDeAIv4NV6tJ6tN+t90lqwpjO74A+sj2/MrpTS</latexit>

mM
<latexit sha1_base64="EToCUUByEQIGvGIhG/QskdVq61w=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN4KXrwIFVxbaJeSTbNtaJJdkqxQlv4FLx5UvPqLvPlvzLZFtPXBwOO9GWbmRangxnreFyqtrK6tb5Q3K1vbO7t71f2DB5NkmrKAJiLR7YgYJrhigeVWsHaqGZGRYK1odF34rUemDU/UvR2nLJRkoHjMKbGFJHu3uFeteXVvCvxD/EVSgzmavepnt5/QTDJlqSDGdHwvtWFOtOVUsEmlmxmWEjoiA9ZxVBHJTJhPb53gE6f0cZxoV8riqfp7IifSmLGMXKckdmgWvUL8z+tkNr4Mc67SzDJFZ4viTGCb4OJx3OeaUSvGjhCqubsV0yHRhFoXT8WFsPTyMgnO6ld1/+681vDmaZThCI7hFHy4gAbcQBMCoDCEJ3iBVyTRM3pD77PWEprPHMIfoI9v5XWNng==</latexit><latexit sha1_base64="EToCUUByEQIGvGIhG/QskdVq61w=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN4KXrwIFVxbaJeSTbNtaJJdkqxQlv4FLx5UvPqLvPlvzLZFtPXBwOO9GWbmRangxnreFyqtrK6tb5Q3K1vbO7t71f2DB5NkmrKAJiLR7YgYJrhigeVWsHaqGZGRYK1odF34rUemDU/UvR2nLJRkoHjMKbGFJHu3uFeteXVvCvxD/EVSgzmavepnt5/QTDJlqSDGdHwvtWFOtOVUsEmlmxmWEjoiA9ZxVBHJTJhPb53gE6f0cZxoV8riqfp7IifSmLGMXKckdmgWvUL8z+tkNr4Mc67SzDJFZ4viTGCb4OJx3OeaUSvGjhCqubsV0yHRhFoXT8WFsPTyMgnO6ld1/+681vDmaZThCI7hFHy4gAbcQBMCoDCEJ3iBVyTRM3pD77PWEprPHMIfoI9v5XWNng==</latexit><latexit sha1_base64="EToCUUByEQIGvGIhG/QskdVq61w=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN4KXrwIFVxbaJeSTbNtaJJdkqxQlv4FLx5UvPqLvPlvzLZFtPXBwOO9GWbmRangxnreFyqtrK6tb5Q3K1vbO7t71f2DB5NkmrKAJiLR7YgYJrhigeVWsHaqGZGRYK1odF34rUemDU/UvR2nLJRkoHjMKbGFJHu3uFeteXVvCvxD/EVSgzmavepnt5/QTDJlqSDGdHwvtWFOtOVUsEmlmxmWEjoiA9ZxVBHJTJhPb53gE6f0cZxoV8riqfp7IifSmLGMXKckdmgWvUL8z+tkNr4Mc67SzDJFZ4viTGCb4OJx3OeaUSvGjhCqubsV0yHRhFoXT8WFsPTyMgnO6ld1/+681vDmaZThCI7hFHy4gAbcQBMCoDCEJ3iBVyTRM3pD77PWEprPHMIfoI9v5XWNng==</latexit><latexit sha1_base64="EToCUUByEQIGvGIhG/QskdVq61w=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN4KXrwIFVxbaJeSTbNtaJJdkqxQlv4FLx5UvPqLvPlvzLZFtPXBwOO9GWbmRangxnreFyqtrK6tb5Q3K1vbO7t71f2DB5NkmrKAJiLR7YgYJrhigeVWsHaqGZGRYK1odF34rUemDU/UvR2nLJRkoHjMKbGFJHu3uFeteXVvCvxD/EVSgzmavepnt5/QTDJlqSDGdHwvtWFOtOVUsEmlmxmWEjoiA9ZxVBHJTJhPb53gE6f0cZxoV8riqfp7IifSmLGMXKckdmgWvUL8z+tkNr4Mc67SzDJFZ4viTGCb4OJx3OeaUSvGjhCqubsV0yHRhFoXT8WFsPTyMgnO6ld1/+681vDmaZThCI7hFHy4gAbcQBMCoDCEJ3iBVyTRM3pD77PWEprPHMIfoI9v5XWNng==</latexit> Majorana masses
• light neutrino masses m⌫ ⇠ m2

D

mM
<latexit sha1_base64="zIhwsFnPqOL48rwsJa2Jr0Fald4=">AAACBHicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoO4KunAjVDC20MQwmU7aoTOTMDMRSsjGjb/ixoWKWz/CnX/j9IFo64ELh3Pu5d57opRRpR3nyyotLC4tr5RXK2vrG5tb9vbOrUoyiYmHE5bIdoQUYVQQT1PNSDuVBPGIkVY0OB/5rXsiFU3EjR6mJOCoJ2hMMdJGCu19Hvoig76iHPqxRDjnd/Xwosh5eFWEdtWpOWPAH+LOkiqYohnan343wRknQmOGlOq4TqqDHElNMSNFxc8USREeoB7pGCoQJyrIx18U8NAoXRgn0pTQcKz+nsgRV2rII9PJke6rWW8k/ud1Mh2fBjkVaaaJwJNFccagTuAoEtilkmDNhoYgLKm5FeI+MlloE1zFhDD38jzx6rWzmnt9XG040zTKYA8cgCPgghPQAJegCTyAwQN4Ai/g1Xq0nq03633SWrKmM7vgD6yPb4ISmBc=</latexit><latexit sha1_base64="zIhwsFnPqOL48rwsJa2Jr0Fald4=">AAACBHicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoO4KunAjVDC20MQwmU7aoTOTMDMRSsjGjb/ixoWKWz/CnX/j9IFo64ELh3Pu5d57opRRpR3nyyotLC4tr5RXK2vrG5tb9vbOrUoyiYmHE5bIdoQUYVQQT1PNSDuVBPGIkVY0OB/5rXsiFU3EjR6mJOCoJ2hMMdJGCu19Hvoig76iHPqxRDjnd/Xwosh5eFWEdtWpOWPAH+LOkiqYohnan343wRknQmOGlOq4TqqDHElNMSNFxc8USREeoB7pGCoQJyrIx18U8NAoXRgn0pTQcKz+nsgRV2rII9PJke6rWW8k/ud1Mh2fBjkVaaaJwJNFccagTuAoEtilkmDNhoYgLKm5FeI+MlloE1zFhDD38jzx6rWzmnt9XG040zTKYA8cgCPgghPQAJegCTyAwQN4Ai/g1Xq0nq03633SWrKmM7vgD6yPb4ISmBc=</latexit><latexit sha1_base64="zIhwsFnPqOL48rwsJa2Jr0Fald4=">AAACBHicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoO4KunAjVDC20MQwmU7aoTOTMDMRSsjGjb/ixoWKWz/CnX/j9IFo64ELh3Pu5d57opRRpR3nyyotLC4tr5RXK2vrG5tb9vbOrUoyiYmHE5bIdoQUYVQQT1PNSDuVBPGIkVY0OB/5rXsiFU3EjR6mJOCoJ2hMMdJGCu19Hvoig76iHPqxRDjnd/Xwosh5eFWEdtWpOWPAH+LOkiqYohnan343wRknQmOGlOq4TqqDHElNMSNFxc8USREeoB7pGCoQJyrIx18U8NAoXRgn0pTQcKz+nsgRV2rII9PJke6rWW8k/ud1Mh2fBjkVaaaJwJNFccagTuAoEtilkmDNhoYgLKm5FeI+MlloE1zFhDD38jzx6rWzmnt9XG040zTKYA8cgCPgghPQAJegCTyAwQN4Ai/g1Xq0nq03633SWrKmM7vgD6yPb4ISmBc=</latexit><latexit sha1_base64="zIhwsFnPqOL48rwsJa2Jr0Fald4=">AAACBHicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoO4KunAjVDC20MQwmU7aoTOTMDMRSsjGjb/ixoWKWz/CnX/j9IFo64ELh3Pu5d57opRRpR3nyyotLC4tr5RXK2vrG5tb9vbOrUoyiYmHE5bIdoQUYVQQT1PNSDuVBPGIkVY0OB/5rXsiFU3EjR6mJOCoJ2hMMdJGCu19Hvoig76iHPqxRDjnd/Xwosh5eFWEdtWpOWPAH+LOkiqYohnan343wRknQmOGlOq4TqqDHElNMSNFxc8USREeoB7pGCoQJyrIx18U8NAoXRgn0pTQcKz+nsgRV2rII9PJke6rWW8k/ud1Mh2fBjkVaaaJwJNFccagTuAoEtilkmDNhoYgLKm5FeI+MlloE1zFhDD38jzx6rWzmnt9XG040zTKYA8cgCPgghPQAJegCTyAwQN4Ai/g1Xq0nq03633SWrKmM7vgD6yPb4ISmBc=</latexit>

Y⌫ ⇠ O(1),mM ⇠ 1015 GeV =) m⌫ ⇠ 10�2 eV
<latexit sha1_base64="SbDZdas+UhOHbHM7eAFfsk0qJ/U="></latexit><latexit sha1_base64="SbDZdas+UhOHbHM7eAFfsk0qJ/U="></latexit><latexit sha1_base64="SbDZdas+UhOHbHM7eAFfsk0qJ/U="></latexit><latexit sha1_base64="SbDZdas+UhOHbHM7eAFfsk0qJ/U="></latexit>

mD << mM
<latexit sha1_base64="1yjlBiTFEtmXEkNq6rFA9/EY0Co=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQYUeCnrwIlRwbbFdlmyabUOT7JJkhbL0X3jxoOLVn+PNf2P6gWjrg4HHezPMzItSzrRx3S+nsLS8srpWXC9tbG5t75R39+51kilCfZLwRLUirClnkvqGGU5bqaJYRJw2o8Hl2G8+UqVZIu/MMKWBwD3JYkawsdKDCK9QrYZEeBOWK27VnQD9EG+eVGCGRlj+7HQTkgkqDeFY67bnpibIsTKMcDoqdTJNU0wGuEfblkosqA7yycUjdGSVLooTZUsaNFF/T+RYaD0Uke0U2PT1vDcW//PamYnPg5zJNDNUkumiOOPIJGj8PuoyRYnhQ0swUczeikgfK0yMDalkQ1h4eZH4J9WLqnd7Wqm7szSKcACHcAwenEEdrqEBPhCQ8AQv8Opo59l5c96nrQVnNrMPf+B8fANPCY+C</latexit><latexit sha1_base64="1yjlBiTFEtmXEkNq6rFA9/EY0Co=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQYUeCnrwIlRwbbFdlmyabUOT7JJkhbL0X3jxoOLVn+PNf2P6gWjrg4HHezPMzItSzrRx3S+nsLS8srpWXC9tbG5t75R39+51kilCfZLwRLUirClnkvqGGU5bqaJYRJw2o8Hl2G8+UqVZIu/MMKWBwD3JYkawsdKDCK9QrYZEeBOWK27VnQD9EG+eVGCGRlj+7HQTkgkqDeFY67bnpibIsTKMcDoqdTJNU0wGuEfblkosqA7yycUjdGSVLooTZUsaNFF/T+RYaD0Uke0U2PT1vDcW//PamYnPg5zJNDNUkumiOOPIJGj8PuoyRYnhQ0swUczeikgfK0yMDalkQ1h4eZH4J9WLqnd7Wqm7szSKcACHcAwenEEdrqEBPhCQ8AQv8Opo59l5c96nrQVnNrMPf+B8fANPCY+C</latexit><latexit sha1_base64="1yjlBiTFEtmXEkNq6rFA9/EY0Co=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQYUeCnrwIlRwbbFdlmyabUOT7JJkhbL0X3jxoOLVn+PNf2P6gWjrg4HHezPMzItSzrRx3S+nsLS8srpWXC9tbG5t75R39+51kilCfZLwRLUirClnkvqGGU5bqaJYRJw2o8Hl2G8+UqVZIu/MMKWBwD3JYkawsdKDCK9QrYZEeBOWK27VnQD9EG+eVGCGRlj+7HQTkgkqDeFY67bnpibIsTKMcDoqdTJNU0wGuEfblkosqA7yycUjdGSVLooTZUsaNFF/T+RYaD0Uke0U2PT1vDcW//PamYnPg5zJNDNUkumiOOPIJGj8PuoyRYnhQ0swUczeikgfK0yMDalkQ1h4eZH4J9WLqnd7Wqm7szSKcACHcAwenEEdrqEBPhCQ8AQv8Opo59l5c96nrQVnNrMPf+B8fANPCY+C</latexit><latexit sha1_base64="1yjlBiTFEtmXEkNq6rFA9/EY0Co=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQYUeCnrwIlRwbbFdlmyabUOT7JJkhbL0X3jxoOLVn+PNf2P6gWjrg4HHezPMzItSzrRx3S+nsLS8srpWXC9tbG5t75R39+51kilCfZLwRLUirClnkvqGGU5bqaJYRJw2o8Hl2G8+UqVZIu/MMKWBwD3JYkawsdKDCK9QrYZEeBOWK27VnQD9EG+eVGCGRlj+7HQTkgkqDeFY67bnpibIsTKMcDoqdTJNU0wGuEfblkosqA7yycUjdGSVLooTZUsaNFF/T+RYaD0Uke0U2PT1vDcW//PamYnPg5zJNDNUkumiOOPIJGj8PuoyRYnhQ0swUczeikgfK0yMDalkQ1h4eZH4J9WLqnd7Wqm7szSKcACHcAwenEEdrqEBPhCQ8AQv8Opo59l5c96nrQVnNrMPf+B8fANPCY+C</latexit>



Sneutrino mixing phenomena

• The effect of �L = 2
<latexit sha1_base64="+jPlQXeqgQLdzpZcVwzv3j7ASrU=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoBZCQAsLiwieCeSOsLeZS5bsfbC7J4Qjf8PGQsXWX2Pnv3GTXKGJDwYe780wMy9IBVfatr+t0srq2vpGebOytb2zu1fdP3hUSSYZuiwRiewEVKHgMbqaa4GdVCKNAoHtYHQ99dtPKBVP4gc9TtGP6CDmIWdUG8nzblBoSu7IFWn0qjW7bs9AlolTkBoUaPWqX14/YVmEsWaCKtV17FT7OZWaM4GTipcpTCkb0QF2DY1phMrPZzdPyIlR+iRMpKlYk5n6eyKnkVLjKDCdEdVDtehNxf+8bqbDCz/ncZppjNl8UZgJohMyDYD0uUSmxdgQyiQ3txI2pJIybWKqmBCcxZeXiduoX9ad+7Na0y7SKMMRHMMpOHAOTbiFFrjAIIVneIU3K7NerHfrY95asoqZQ/gD6/MHYb6QFQ==</latexit><latexit sha1_base64="+jPlQXeqgQLdzpZcVwzv3j7ASrU=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoBZCQAsLiwieCeSOsLeZS5bsfbC7J4Qjf8PGQsXWX2Pnv3GTXKGJDwYe780wMy9IBVfatr+t0srq2vpGebOytb2zu1fdP3hUSSYZuiwRiewEVKHgMbqaa4GdVCKNAoHtYHQ99dtPKBVP4gc9TtGP6CDmIWdUG8nzblBoSu7IFWn0qjW7bs9AlolTkBoUaPWqX14/YVmEsWaCKtV17FT7OZWaM4GTipcpTCkb0QF2DY1phMrPZzdPyIlR+iRMpKlYk5n6eyKnkVLjKDCdEdVDtehNxf+8bqbDCz/ncZppjNl8UZgJohMyDYD0uUSmxdgQyiQ3txI2pJIybWKqmBCcxZeXiduoX9ad+7Na0y7SKMMRHMMpOHAOTbiFFrjAIIVneIU3K7NerHfrY95asoqZQ/gD6/MHYb6QFQ==</latexit><latexit sha1_base64="+jPlQXeqgQLdzpZcVwzv3j7ASrU=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoBZCQAsLiwieCeSOsLeZS5bsfbC7J4Qjf8PGQsXWX2Pnv3GTXKGJDwYe780wMy9IBVfatr+t0srq2vpGebOytb2zu1fdP3hUSSYZuiwRiewEVKHgMbqaa4GdVCKNAoHtYHQ99dtPKBVP4gc9TtGP6CDmIWdUG8nzblBoSu7IFWn0qjW7bs9AlolTkBoUaPWqX14/YVmEsWaCKtV17FT7OZWaM4GTipcpTCkb0QF2DY1phMrPZzdPyIlR+iRMpKlYk5n6eyKnkVLjKDCdEdVDtehNxf+8bqbDCz/ncZppjNl8UZgJohMyDYD0uUSmxdgQyiQ3txI2pJIybWKqmBCcxZeXiduoX9ad+7Na0y7SKMMRHMMpOHAOTbiFFrjAIIVneIU3K7NerHfrY95asoqZQ/gD6/MHYb6QFQ==</latexit><latexit sha1_base64="+jPlQXeqgQLdzpZcVwzv3j7ASrU=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoBZCQAsLiwieCeSOsLeZS5bsfbC7J4Qjf8PGQsXWX2Pnv3GTXKGJDwYe780wMy9IBVfatr+t0srq2vpGebOytb2zu1fdP3hUSSYZuiwRiewEVKHgMbqaa4GdVCKNAoHtYHQ99dtPKBVP4gc9TtGP6CDmIWdUG8nzblBoSu7IFWn0qjW7bs9AlolTkBoUaPWqX14/YVmEsWaCKtV17FT7OZWaM4GTipcpTCkb0QF2DY1phMrPZzdPyIlR+iRMpKlYk5n6eyKnkVLjKDCdEdVDtehNxf+8bqbDCz/ncZppjNl8UZgJohMyDYD0uUSmxdgQyiQ3txI2pJIybWKqmBCcxZeXiduoX9ad+7Na0y7SKMMRHMMpOHAOTbiFFrjAIIVneIU3K7NerHfrY95asoqZQ/gD6/MHYb6QFQ==</latexit>

operators is to introduce a mass
splitting and mixing into the sneutrino-antisneutrino system

• Neutrino mass and sneutrino mass splitting are related 

�W = Y⌫ĤuL̂⌫̂
c +

1

2
M ⌫̂c⌫̂c � µĤuĤd

<latexit sha1_base64="R0SFgjxJoW8RlwN+4gNQAQkl0cs="></latexit><latexit sha1_base64="R0SFgjxJoW8RlwN+4gNQAQkl0cs="></latexit><latexit sha1_base64="R0SFgjxJoW8RlwN+4gNQAQkl0cs="></latexit><latexit sha1_base64="R0SFgjxJoW8RlwN+4gNQAQkl0cs="></latexit>

Consider MSSM + one ⌫̂c<latexit sha1_base64="nAoH6jOSQDvQhsTQqOXvnXNJxgA=">AAAB8nicbVBNS8NAEJ34WeNX1aOXxSJ4KokI6q3gxWMFYwtNLJvtpl262YTdiVBK/4YXDype/TXe/Ddu2xy09cHA470ZZubFuRQGPe/bWVldW9/YrGy52zu7e/vVg8MHkxWa8YBlMtPtmBouheIBCpS8nWtO01jyVjy8mfqtJ66NyNQ9jnIepbSvRCIYRSuF4YAiCVXxyFzSrda8ujcDWSZ+SWpQotmtfoW9jBUpV8gkNabjezlGY6pRMMknblgYnlM2pH3esVTRlJtoPLt5Qk6t0iNJpm0pJDP198SYpsaM0th2phQHZtGbiv95nQKTq2gsVF4gV2y+KCkkwYxMAyA9oTlDObKEMi3srYQNqKYMbUyuDcFffHmZBOf167p/d1FreGUaFTiGEzgDHy6hAbfQhAAY5PAMr/DmFM6L8+58zFtXnHLmCP7A+fwBKIeQlw==</latexit><latexit sha1_base64="nAoH6jOSQDvQhsTQqOXvnXNJxgA=">AAAB8nicbVBNS8NAEJ34WeNX1aOXxSJ4KokI6q3gxWMFYwtNLJvtpl262YTdiVBK/4YXDype/TXe/Ddu2xy09cHA470ZZubFuRQGPe/bWVldW9/YrGy52zu7e/vVg8MHkxWa8YBlMtPtmBouheIBCpS8nWtO01jyVjy8mfqtJ66NyNQ9jnIepbSvRCIYRSuF4YAiCVXxyFzSrda8ujcDWSZ+SWpQotmtfoW9jBUpV8gkNabjezlGY6pRMMknblgYnlM2pH3esVTRlJtoPLt5Qk6t0iNJpm0pJDP198SYpsaM0th2phQHZtGbiv95nQKTq2gsVF4gV2y+KCkkwYxMAyA9oTlDObKEMi3srYQNqKYMbUyuDcFffHmZBOf167p/d1FreGUaFTiGEzgDHy6hAbfQhAAY5PAMr/DmFM6L8+58zFtXnHLmCP7A+fwBKIeQlw==</latexit><latexit sha1_base64="nAoH6jOSQDvQhsTQqOXvnXNJxgA=">AAAB8nicbVBNS8NAEJ34WeNX1aOXxSJ4KokI6q3gxWMFYwtNLJvtpl262YTdiVBK/4YXDype/TXe/Ddu2xy09cHA470ZZubFuRQGPe/bWVldW9/YrGy52zu7e/vVg8MHkxWa8YBlMtPtmBouheIBCpS8nWtO01jyVjy8mfqtJ66NyNQ9jnIepbSvRCIYRSuF4YAiCVXxyFzSrda8ujcDWSZ+SWpQotmtfoW9jBUpV8gkNabjezlGY6pRMMknblgYnlM2pH3esVTRlJtoPLt5Qk6t0iNJpm0pJDP198SYpsaM0th2phQHZtGbiv95nQKTq2gsVF4gV2y+KCkkwYxMAyA9oTlDObKEMi3srYQNqKYMbUyuDcFffHmZBOf167p/d1FreGUaFTiGEzgDHy6hAbfQhAAY5PAMr/DmFM6L8+58zFtXnHLmCP7A+fwBKIeQlw==</latexit><latexit sha1_base64="nAoH6jOSQDvQhsTQqOXvnXNJxgA=">AAAB8nicbVBNS8NAEJ34WeNX1aOXxSJ4KokI6q3gxWMFYwtNLJvtpl262YTdiVBK/4YXDype/TXe/Ddu2xy09cHA470ZZubFuRQGPe/bWVldW9/YrGy52zu7e/vVg8MHkxWa8YBlMtPtmBouheIBCpS8nWtO01jyVjy8mfqtJ66NyNQ9jnIepbSvRCIYRSuF4YAiCVXxyFzSrda8ujcDWSZ+SWpQotmtfoW9jBUpV8gkNabjezlGY6pRMMknblgYnlM2pH3esVTRlJtoPLt5Qk6t0iNJpm0pJDP198SYpsaM0th2phQHZtGbiv95nQKTq2gsVF4gV2y+KCkkwYxMAyA9oTlDObKEMi3srYQNqKYMbUyuDcFffHmZBOf167p/d1FreGUaFTiGEzgDHy6hAbfQhAAY5PAMr/DmFM6L8+58zFtXnHLmCP7A+fwBKIeQlw==</latexit>

as a consequence of LNV interactions and SUSY breaking

m⌫ ⇡ m2
D

M
<latexit sha1_base64="zFjCQ+PxIK22rmqzChcwQSUoFxk=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCp5IUQb0V9OBFqGBtoYlhs920S3c3YXcjlpCTF/+KFw8qXv0P3vw3btsctPXBwOO9GWbmhQmjSjvOt1VaWFxaXimvVtbWNza37O2dWxWnEpMWjlksOyFShFFBWppqRjqJJIiHjLTD4fnYb98TqWgsbvQoIT5HfUEjipE2UmDv88ATKfRQksj4AXqRRDjjd/XgIs+u8sCuOjVnAjhP3IJUQYFmYH95vRinnAiNGVKq6zqJ9jMkNcWM5BUvVSRBeIj6pGuoQJwoP5u8kcNDo/RgFEtTQsOJ+nsiQ1ypEQ9NJ0d6oGa9sfif1011dOpnVCSpJgJPF0UpgzqG40xgj0qCNRsZgrCk5laIB8gkoU1yFROCO/vyPGnVa2c19/q42nCKNMpgDxyAI+CCE9AAl6AJWgCDR/AMXsGb9WS9WO/Wx7S1ZBUzu+APrM8ffJ6YpQ==</latexit><latexit sha1_base64="zFjCQ+PxIK22rmqzChcwQSUoFxk=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCp5IUQb0V9OBFqGBtoYlhs920S3c3YXcjlpCTF/+KFw8qXv0P3vw3btsctPXBwOO9GWbmhQmjSjvOt1VaWFxaXimvVtbWNza37O2dWxWnEpMWjlksOyFShFFBWppqRjqJJIiHjLTD4fnYb98TqWgsbvQoIT5HfUEjipE2UmDv88ATKfRQksj4AXqRRDjjd/XgIs+u8sCuOjVnAjhP3IJUQYFmYH95vRinnAiNGVKq6zqJ9jMkNcWM5BUvVSRBeIj6pGuoQJwoP5u8kcNDo/RgFEtTQsOJ+nsiQ1ypEQ9NJ0d6oGa9sfif1011dOpnVCSpJgJPF0UpgzqG40xgj0qCNRsZgrCk5laIB8gkoU1yFROCO/vyPGnVa2c19/q42nCKNMpgDxyAI+CCE9AAl6AJWgCDR/AMXsGb9WS9WO/Wx7S1ZBUzu+APrM8ffJ6YpQ==</latexit><latexit sha1_base64="zFjCQ+PxIK22rmqzChcwQSUoFxk=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCp5IUQb0V9OBFqGBtoYlhs920S3c3YXcjlpCTF/+KFw8qXv0P3vw3btsctPXBwOO9GWbmhQmjSjvOt1VaWFxaXimvVtbWNza37O2dWxWnEpMWjlksOyFShFFBWppqRjqJJIiHjLTD4fnYb98TqWgsbvQoIT5HfUEjipE2UmDv88ATKfRQksj4AXqRRDjjd/XgIs+u8sCuOjVnAjhP3IJUQYFmYH95vRinnAiNGVKq6zqJ9jMkNcWM5BUvVSRBeIj6pGuoQJwoP5u8kcNDo/RgFEtTQsOJ+nsiQ1ypEQ9NJ0d6oGa9sfif1011dOpnVCSpJgJPF0UpgzqG40xgj0qCNRsZgrCk5laIB8gkoU1yFROCO/vyPGnVa2c19/q42nCKNMpgDxyAI+CCE9AAl6AJWgCDR/AMXsGb9WS9WO/Wx7S1ZBUzu+APrM8ffJ6YpQ==</latexit><latexit sha1_base64="zFjCQ+PxIK22rmqzChcwQSUoFxk=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCp5IUQb0V9OBFqGBtoYlhs920S3c3YXcjlpCTF/+KFw8qXv0P3vw3btsctPXBwOO9GWbmhQmjSjvOt1VaWFxaXimvVtbWNza37O2dWxWnEpMWjlksOyFShFFBWppqRjqJJIiHjLTD4fnYb98TqWgsbvQoIT5HfUEjipE2UmDv88ATKfRQksj4AXqRRDjjd/XgIs+u8sCuOjVnAjhP3IJUQYFmYH95vRinnAiNGVKq6zqJ9jMkNcWM5BUvVSRBeIj6pGuoQJwoP5u8kcNDo/RgFEtTQsOJ+nsiQ1ypEQ9NJ0d6oGa9sfif1011dOpnVCSpJgJPF0UpgzqG40xgj0qCNRsZgrCk5laIB8gkoU1yFROCO/vyPGnVa2c19/q42nCKNMpgDxyAI+CCE9AAl6AJWgCDR/AMXsGb9WS9WO/Wx7S1ZBUzu+APrM8ffJ6YpQ==</latexit>
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Sneutrino mixing phenomena

V
soft

= m2
L̃

⌫̃⇤⌫̃ +m2
⌫̃

c ⌫̃c⇤⌫̃c + (Y
⌫

A
⌫

H0
u

⌫̃⌫̃c +MB
N

⌫̃c⌫̃c +H.c.)
<latexit sha1_base64="LeRQy3BBNJS7YGkdqoxOLdIMnQU="></latexit><latexit sha1_base64="LeRQy3BBNJS7YGkdqoxOLdIMnQU="></latexit><latexit sha1_base64="LeRQy3BBNJS7YGkdqoxOLdIMnQU="></latexit><latexit sha1_base64="LeRQy3BBNJS7YGkdqoxOLdIMnQU="></latexit>

Define ⌫̃ = (⌫̃1 + i⌫̃2)/
p
2 and ⌫̃c = (⌫̃c1 + i⌫̃c2)/

p
2

<latexit sha1_base64="SekCdR/0BIpbxlDgon81bdgAaqM="></latexit><latexit sha1_base64="SekCdR/0BIpbxlDgon81bdgAaqM="></latexit><latexit sha1_base64="SekCdR/0BIpbxlDgon81bdgAaqM="></latexit><latexit sha1_base64="SekCdR/0BIpbxlDgon81bdgAaqM="></latexit>

• Two light neutrino mass eigenstates ⌫̃1 and ⌫̃2
<latexit sha1_base64="qo9kEL9XVNFQrrPBFmVGARF0Y2Y=">AAACEXicbVBNS8NAEN34WetX1KOXxSLopSRFUG8FLx4rGFtoQthsNu3S3U3Y3QgltH/Bi3/FiwcVr968+W/ctjnY1gcDj/dmmJkXZYwq7Tg/1srq2vrGZmWrur2zu7dvHxw+qDSXmHg4ZansREgRRgXxNNWMdDJJEI8YaUeDm4nffiRS0VTc62FGAo56giYUI22k0D4vfE1ZTKAv8lHownHhSw6RiEdjOGc1Qrvm1J0p4DJxS1IDJVqh/e3HKc45ERozpFTXdTIdFEhqihkZVf1ckQzhAeqRrqECcaKCYvrSCJ4aJYZJKk0JDafq34kCcaWGPDKdHOm+WvQm4n9eN9fJVVBQkeWaCDxblOQM6hRO8oExlQRrNjQEYUnNrRD3kURYmxSrJgR38eVl4jXq13X37qLWdMo0KuAYnIAz4IJL0AS3oAU8gMETeAFv4N16tl6tD+tz1rpilTNHYA7W1y9pVZ10</latexit><latexit sha1_base64="qo9kEL9XVNFQrrPBFmVGARF0Y2Y=">AAACEXicbVBNS8NAEN34WetX1KOXxSLopSRFUG8FLx4rGFtoQthsNu3S3U3Y3QgltH/Bi3/FiwcVr968+W/ctjnY1gcDj/dmmJkXZYwq7Tg/1srq2vrGZmWrur2zu7dvHxw+qDSXmHg4ZansREgRRgXxNNWMdDJJEI8YaUeDm4nffiRS0VTc62FGAo56giYUI22k0D4vfE1ZTKAv8lHownHhSw6RiEdjOGc1Qrvm1J0p4DJxS1IDJVqh/e3HKc45ERozpFTXdTIdFEhqihkZVf1ckQzhAeqRrqECcaKCYvrSCJ4aJYZJKk0JDafq34kCcaWGPDKdHOm+WvQm4n9eN9fJVVBQkeWaCDxblOQM6hRO8oExlQRrNjQEYUnNrRD3kURYmxSrJgR38eVl4jXq13X37qLWdMo0KuAYnIAz4IJL0AS3oAU8gMETeAFv4N16tl6tD+tz1rpilTNHYA7W1y9pVZ10</latexit><latexit sha1_base64="qo9kEL9XVNFQrrPBFmVGARF0Y2Y=">AAACEXicbVBNS8NAEN34WetX1KOXxSLopSRFUG8FLx4rGFtoQthsNu3S3U3Y3QgltH/Bi3/FiwcVr968+W/ctjnY1gcDj/dmmJkXZYwq7Tg/1srq2vrGZmWrur2zu7dvHxw+qDSXmHg4ZansREgRRgXxNNWMdDJJEI8YaUeDm4nffiRS0VTc62FGAo56giYUI22k0D4vfE1ZTKAv8lHownHhSw6RiEdjOGc1Qrvm1J0p4DJxS1IDJVqh/e3HKc45ERozpFTXdTIdFEhqihkZVf1ckQzhAeqRrqECcaKCYvrSCJ4aJYZJKk0JDafq34kCcaWGPDKdHOm+WvQm4n9eN9fJVVBQkeWaCDxblOQM6hRO8oExlQRrNjQEYUnNrRD3kURYmxSrJgR38eVl4jXq13X37qLWdMo0KuAYnIAz4IJL0AS3oAU8gMETeAFv4N16tl6tD+tz1rpilTNHYA7W1y9pVZ10</latexit><latexit sha1_base64="qo9kEL9XVNFQrrPBFmVGARF0Y2Y=">AAACEXicbVBNS8NAEN34WetX1KOXxSLopSRFUG8FLx4rGFtoQthsNu3S3U3Y3QgltH/Bi3/FiwcVr968+W/ctjnY1gcDj/dmmJkXZYwq7Tg/1srq2vrGZmWrur2zu7dvHxw+qDSXmHg4ZansREgRRgXxNNWMdDJJEI8YaUeDm4nffiRS0VTc62FGAo56giYUI22k0D4vfE1ZTKAv8lHownHhSw6RiEdjOGc1Qrvm1J0p4DJxS1IDJVqh/e3HKc45ERozpFTXdTIdFEhqihkZVf1ckQzhAeqRrqECcaKCYvrSCJ4aJYZJKk0JDafq34kCcaWGPDKdHOm+WvQm4n9eN9fJVVBQkeWaCDxblOQM6hRO8oExlQRrNjQEYUnNrRD3kURYmxSrJgR38eVl4jXq13X37qLWdMo0KuAYnIAz4IJL0AS3oAU8gMETeAFv4N16tl6tD+tz1rpilTNHYA7W1y9pVZ10</latexit>

are split
�m⌫̃

m⌫
⇡ 2(A⌫ � µ cot� �BN )

m⌫̃
[m⌫̃ ⌘ 1

2

(m⌫̃1 +m⌫̃2)]

<latexit sha1_base64="xdOge3APp5EJ4zkex6Yq4gvkW5Q="></latexit><latexit sha1_base64="xdOge3APp5EJ4zkex6Yq4gvkW5Q="></latexit><latexit sha1_base64="xdOge3APp5EJ4zkex6Yq4gvkW5Q="></latexit><latexit sha1_base64="xdOge3APp5EJ4zkex6Yq4gvkW5Q="></latexit>

Assume µ,A⌫ and m⌫̃ are all ⇠ 100 GeV
<latexit sha1_base64="conU0xj/hRh+isMii7r43nrH4vo="></latexit><latexit sha1_base64="conU0xj/hRh+isMii7r43nrH4vo="></latexit><latexit sha1_base64="conU0xj/hRh+isMii7r43nrH4vo="></latexit><latexit sha1_base64="conU0xj/hRh+isMii7r43nrH4vo="></latexit>

If BN ⇠ O(mZ), then
�m⌫̃

m⌫
⇠ O(1)

<latexit sha1_base64="jXAwhpWxrJJsveWZ+zz8Ikwnt44="></latexit><latexit sha1_base64="jXAwhpWxrJJsveWZ+zz8Ikwnt44="></latexit><latexit sha1_base64="jXAwhpWxrJJsveWZ+zz8Ikwnt44="></latexit><latexit sha1_base64="jXAwhpWxrJJsveWZ+zz8Ikwnt44="></latexit>

If BN � mZ ,
<latexit sha1_base64="YNi9ngfiBaB4v8wIkhWmdd/SHGI=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEIHqQkIqi3ohe9SAVji00Im+2mXbq7CbsbocQK/hUvHlS8+ju8+W/ctjlo64OBx3szzMyLUkaVdpxva2Z2bn5hsbRUXl5ZXVu3NzZvVZJJTDycsEQ2I6QIo4J4mmpGmqkkiEeMNKLe+dBv3BOpaCJudD8lAUcdQWOKkTZSaG/nvuTwMh48wrPwCvqdDuTh3UFoV5yqMwKcJm5BKqBAPbS//HaCM06Exgwp1XKdVAc5kppiRgZlP1MkRbiHOqRlqECcqCAf3T+Ae0ZpwziRpoSGI/X3RI64Un0emU6OdFdNekPxP6+V6fgkyKlIM00EHi+KMwZ1AodhwDaVBGvWNwRhSc2tEHeRRFib yMomBHfy5WniHVZPq+71UaXmFGmUwA7YBfvABcegBi5AHXgAgwfwDF7Bm/VkvVjv1se4dcYqZrbAH1ifP3KZlJQ=</latexit><latexit sha1_base64="YNi9ngfiBaB4v8wIkhWmdd/SHGI=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEIHqQkIqi3ohe9SAVji00Im+2mXbq7CbsbocQK/hUvHlS8+ju8+W/ctjlo64OBx3szzMyLUkaVdpxva2Z2bn5hsbRUXl5ZXVu3NzZvVZJJTDycsEQ2I6QIo4J4mmpGmqkkiEeMNKLe+dBv3BOpaCJudD8lAUcdQWOKkTZSaG/nvuTwMh48wrPwCvqdDuTh3UFoV5yqMwKcJm5BKqBAPbS//HaCM06Exgwp1XKdVAc5kppiRgZlP1MkRbiHOqRlqECcqCAf3T+Ae0ZpwziRpoSGI/X3RI64Un0emU6OdFdNekPxP6+V6fgkyKlIM00EHi+KMwZ1AodhwDaVBGvWNwRhSc2tEHeRRFib yMomBHfy5WniHVZPq+71UaXmFGmUwA7YBfvABcegBi5AHXgAgwfwDF7Bm/VkvVjv1se4dcYqZrbAH1ifP3KZlJQ=</latexit><latexit sha1_base64="YNi9ngfiBaB4v8wIkhWmdd/SHGI=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEIHqQkIqi3ohe9SAVji00Im+2mXbq7CbsbocQK/hUvHlS8+ju8+W/ctjlo64OBx3szzMyLUkaVdpxva2Z2bn5hsbRUXl5ZXVu3NzZvVZJJTDycsEQ2I6QIo4J4mmpGmqkkiEeMNKLe+dBv3BOpaCJudD8lAUcdQWOKkTZSaG/nvuTwMh48wrPwCvqdDuTh3UFoV5yqMwKcJm5BKqBAPbS//HaCM06Exgwp1XKdVAc5kppiRgZlP1MkRbiHOqRlqECcqCAf3T+Ae0ZpwziRpoSGI/X3RI64Un0emU6OdFdNekPxP6+V6fgkyKlIM00EHi+KMwZ1AodhwDaVBGvWNwRhSc2tEHeRRFib yMomBHfy5WniHVZPq+71UaXmFGmUwA7YBfvABcegBi5AHXgAgwfwDF7Bm/VkvVjv1se4dcYqZrbAH1ifP3KZlJQ=</latexit><latexit sha1_base64="YNi9ngfiBaB4v8wIkhWmdd/SHGI=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEIHqQkIqi3ohe9SAVji00Im+2mXbq7CbsbocQK/hUvHlS8+ju8+W/ctjlo64OBx3szzMyLUkaVdpxva2Z2bn5hsbRUXl5ZXVu3NzZvVZJJTDycsEQ2I6QIo4J4mmpGmqkkiEeMNKLe+dBv3BOpaCJudD8lAUcdQWOKkTZSaG/nvuTwMh48wrPwCvqdDuTh3UFoV5yqMwKcJm5BKqBAPbS//HaCM06Exgwp1XKdVAc5kppiRgZlP1MkRbiHOqRlqECcqCAf3T+Ae0ZpwziRpoSGI/X3RI64Un0emU6OdFdNekPxP6+V6fgkyKlIM00EHi+KMwZ1AodhwDaVBGvWNwRhSc2tEHeRRFib yMomBHfy5WniHVZPq+71UaXmFGmUwA7YBfvABcegBi5AHXgAgwfwDF7Bm/VkvVjv1se4dcYqZrbAH1ifP3KZlJQ=</latexit>

sneutrino mass splitting is significantly 
enhanced
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Loop effects
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conservation. We employ the most general R-parity
conserving renormalizable superpotential and attendant
soft-supersymmetry-breaking terms. For this work, the
relevant terms in the superpotential are (following the
notation of Ref. [13])

W ≠ eijfl ˆHi
2

ˆLj
ˆN 2 m ˆHi

1

ˆH
j
2

g 1
1

2

M ˆN ˆN . (2)

The D terms are the same as in the MSSM. The relevant
terms in the soft-supersymmetry-breaking scalar potential
are

V
soft

≠ m2

˜Lñpñ 1 m2

˜N
˜Np

˜N

1 slAnH2

2

ñ ˜Np 1 MBN ˜N ˜N 1 H.c.d . (3)

When the neutral Higgs field vacuum expectation values
are generated [kHi

i l ≠ yiy
p

2, with tanb ; y
2

yy
1

and
y2

1

1 y2

2

≠ s246 GeV d2], one finds that the light neu-
trino mass is given by the usual one generation seesaw re-
sult, mn . m2

DyM, where mD ; ly
2

and we drop terms
higher order in mDyM.
The sneutrino masses are obtained by diagonalizing

a 4 3 4 squared-mass matrix. Here, it is convenient
to define ñ ≠ sñ

1

1 iñ
2

dy
p

2 and ˜N ≠ s ˜N
1

1 i ˜N
2

dy
p

2.
Then, the sneutrino-squared mass matrix separates into
CP-even and CP-odd blocks,

L
mass

≠ 1

2

s f
1

f
2

d
µM2

1 0

0 M2

2

∂ µ
f

1

f
2

∂
, (4)

where fi ; s ñi ˜Nid and M2

6 consist of the following
2 3 2 blocks:√

m2

˜L 1
1

2

m2

Z cos 2b 1 m2

D mDfAn 2 m cotb 6 Mg
mDfAn 2 m cotb 6 Mg M2 1 m2

D 1 m2

˜N 6 2BNM

!
.

In the following derivation we assume that M is the
largest mass parameter. Then, to first order in 1yM,
the two light sneutrino eigenstates are ñ

1

and ñ
2

, with
corresponding squared masses,

m2

ñ
1,2

≠ m2

˜L 1
1

2

m2

Z cos 2b 7
1

2

Dm2

ñ , (5)

where the squared-mass difference Dm2

ñ ; m2

ñ
2

2 m2

ñ
1

is
of order 1yM. Thus, in the large M limit, we recover
the two degenerate sneutrino states of the MSSM, usually
chosen to be ñ and ¯ñ. For finite M, these two states mix
with a 45± mixing angle, since the two light sneutrino
mass eigenstates must also be eigenstates of CP. The
sneutrino mass splitting is easily computed using Dm2

ñ ≠
2mñDmñ , where mñ ; 1

2

smñ
1

1 mñ
2

d is the average of
the light sneutrino masses. We find that the ratio of
the light sneutrino mass difference relative to the light
neutrino mass is given by (to leading order in 1yM)

rn ;
Dmñ

mn
.

2sAn 2 m cotb 2 BN d
mñ

. (6)

The magnitude of rn depends on various supersym-
metric parameters. Naturalness constrains supersymmet-

ric mass parameters associated with particles with nontriv-
ial electroweak quantum numbers to be roughly of order
mZ [14]. Thus, we assume that m, An , and m ˜L are all of
order the electroweak scale. The parameters M, m ˜N , and
BN are fundamentally different since they are associated
with the SUs2d 3 Us1d singlet superfield ˆN . In particular,
M ¿ mZ , since this drives the seesaw mechanism. Since
M is a supersymmetry-conserving parameter, the seesaw
hierarchy is technically natural. The parameters m ˜N and
BN are soft-supersymmetry-breaking parameters; their or-
der of magnitude is less clear. Since ˆN is an electroweak
gauge group singlet superfield, supersymmetry-breaking
terms associated with it need not be tied to the scale
of electroweak symmetry breaking. Thus, it is possible
that m ˜N and BN are much larger than mZ . Since BN en-
ters directly into the formula for the light sneutrino mass
splitting [Eq. (6)], its value is critical for sneutrino phe-
nomenology. If BN , O smZd, then rn , O s1d, which
implies that the sneutrino mass splitting is of order the
neutrino mass. However, if BN ¿ mZ , then the sneutrino
mass splitting is significantly enhanced.
We have also considered other possible models of lep-

ton number violation [12]. For example, in models of
R-parity violation (but with no right-handed neutrino), a
sneutrino mass splitting is also generated whose magni-
tude is of order the corresponding neutrino mass. Thus,
in models where R-parity violation is the only source of
lepton number violation, rn . O s1d, and no enhancement
of the sneutrino mass splitting is possible.
Loop effects.—In the previous section, all formulas

given involved tree-level parameters. However, in some
cases, one-loop effects can substantially modify Eq. (6).
In general, the existence of a sneutrino mass splitting
generates a one-loop contribution to the neutrino mass.
Note that this effect is generic, and is independent of the
mechanism that generates the sneutrino mass splitting.
Similarly, the existence of a Majorana neutrino mass gen-
erates a one-loop contribution to the sneutrino mass split-
ting. However, the latter effect can be safely neglected.
Any one-loop contribution to the sneutrino mass splitting
must be roughly Dm

s1d
ñ , sg2y16p2dmn; thus the tree-

level result rn * O s1d cannot be significantly modified.
In contrast, the one-loop correction to the neutrino mass
is potentially significant, and may dominate the tree-level
mass fms0d

n . m2

DyMg. We have computed exactly the
one-loop contribution to the neutrino mass fms1d

n g from
neutralino-sneutrino loops shown in Fig. 1. In the limit

FIG. 1. One-loop contribution to the neutrino mass due to
sneutrino mass splitting.
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Loop contribution m(1)
⌫ ⇡ 10

�3
�m⌫̃

<latexit sha1_base64="Y4dS/wnnsW9LrhcmkN1/YKG0yHA="></latexit><latexit sha1_base64="Y4dS/wnnsW9LrhcmkN1/YKG0yHA="></latexit><latexit sha1_base64="Y4dS/wnnsW9LrhcmkN1/YKG0yHA="></latexit><latexit sha1_base64="Y4dS/wnnsW9LrhcmkN1/YKG0yHA="></latexit>

If �m⌫̃/(m⌫)
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one-loop correction to the neutrino mass  
cannot be neglected



Loop effects

Assuming no unnatural cancellation

m⌫ = (m⌫)
0 + (m⌫)

1
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Sneutrino-antisneutrino oscillation

induces sneutrino-antisneutrino oscillation�m⌫̃
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lepton number can be tagged by the charge  
of the final state lepton

Similar behaviour in the flavour oscillation of B0–B̄0
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system

At    t = 0

|⌫̃i = 1p
2
[|⌫̃1i+ i|⌫̃2i]
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The state at time ist
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|⌫̃(t)i = 1p
2
[e�i(m1�i�⌫̃/2)t|⌫̃1i+ ie�i(m2�i�⌫̃/2)t|⌫̃2i]

<latexit sha1_base64="GgiLVKFRIgpE+yBQMTuG60ETw/s="></latexit><latexit sha1_base64="GgiLVKFRIgpE+yBQMTuG60ETw/s="></latexit><latexit sha1_base64="GgiLVKFRIgpE+yBQMTuG60ETw/s="></latexit><latexit sha1_base64="GgiLVKFRIgpE+yBQMTuG60ETw/s="></latexit>



Oscillation probability contd

Probability of finding a ``wrong sign charged lepton”

P (⌫̃ ! `+) = x

2
⌫̃

2(1+x

2
⌫̃)

⇥B(⌫̃⇤ ! `+)
<latexit sha1_base64="cGrXT9bZs3GwLpxSEywRI8430fg="></latexit><latexit sha1_base64="cGrXT9bZs3GwLpxSEywRI8430fg="></latexit><latexit sha1_base64="cGrXT9bZs3GwLpxSEywRI8430fg="></latexit><latexit sha1_base64="cGrXT9bZs3GwLpxSEywRI8430fg="></latexit>

P

⌫̃!⌫̃

⇤ = x

2
⌫̃

2(1+x

2
⌫̃)

x

⌫̃

⌘ �m⌫̃
�⌫̃

<latexit sha1_base64="xuJRDNebzYFXZ3YR0MqrZKn2hws="></latexit><latexit sha1_base64="xuJRDNebzYFXZ3YR0MqrZKn2hws="></latexit><latexit sha1_base64="xuJRDNebzYFXZ3YR0MqrZKn2hws="></latexit><latexit sha1_base64="xuJRDNebzYFXZ3YR0MqrZKn2hws="></latexit>

x⌫̃ ⇠ 1 =) �⌫̃ ⇠ 0.1 keV
<latexit sha1_base64="vthQu5AhlnxkZ8LGrGKG+6qXQlA="></latexit><latexit sha1_base64="vthQu5AhlnxkZ8LGrGKG+6qXQlA="></latexit><latexit sha1_base64="vthQu5AhlnxkZ8LGrGKG+6qXQlA="></latexit><latexit sha1_base64="vthQu5AhlnxkZ8LGrGKG+6qXQlA="></latexit>

Two body decays- ⌫̃ ! ⌫�̃0
and/or ⌫̃ ! `��̃+

<latexit sha1_base64="5Mz4uthS4hC7Mj/MXoWZJXMe/fY="></latexit><latexit sha1_base64="5Mz4uthS4hC7Mj/MXoWZJXMe/fY="></latexit><latexit sha1_base64="5Mz4uthS4hC7Mj/MXoWZJXMe/fY="></latexit><latexit sha1_base64="5Mz4uthS4hC7Mj/MXoWZJXMe/fY="></latexit>

Three body decays- ⌫̃ ! `�⌧̃+1 ⌫⌧ and ⌫̃ ! ⌫⌧̃±1 ⌧⌥
<latexit sha1_base64="keGY1qblxCSk38mtng8Qy5Fag/c="></latexit><latexit sha1_base64="keGY1qblxCSk38mtng8Qy5Fag/c="></latexit><latexit sha1_base64="keGY1qblxCSk38mtng8Qy5Fag/c="></latexit><latexit sha1_base64="keGY1qblxCSk38mtng8Qy5Fag/c="></latexit>

m⌧̃1 < m⌫̃ < m�̃0
1
,m�̃±

1
<latexit sha1_base64="q+8nUSL3amNngjP+5+oTDm9b7Kg=">AAACPXicdZBLS8QwFIVT39ZX1aWb4CC4kKEVQQUXA25cKlhnYDqWNJNxgklaklthKP1lbvwN7ly6caHi1q2Zl/g8EDh8516SnCQT3IDvPzgTk1PTM7Nz8+7C4tLyire6dmHSXFMW0lSkupEQwwRXLAQOgjUyzYhMBKsn18f9vH7DtOGpOodexlqSXCne4ZSARbEXyrgoIuCizXAEJC/joMRH2NIxVPkIfBLa5eWlbwd33F84yqQNYq8SVP2BsP/LjKMKGuk09u6jdkpzyRRQQYxpBn4GrYJo4FSw0o1ywzJCr8kVa1qriGSmVQy+X+ItS9q4k2p7FOAB/bpREGlMTyZ2UhLomp9ZH/6VNXPoHLQKrrIcmKLDizq5wJDifpe4zTWjIHrWEKq5fSumXaIJBdu4+7WE/024Wz2sBmd7lZo/amMObaBNtI0CtI9q6ASdohBRdIse0TN6ce6cJ+fVeRuOTjijnXX0Tc77B6p4rvg=</latexit><latexit sha1_base64="q+8nUSL3amNngjP+5+oTDm9b7Kg=">AAACPXicdZBLS8QwFIVT39ZX1aWb4CC4kKEVQQUXA25cKlhnYDqWNJNxgklaklthKP1lbvwN7ly6caHi1q2Zl/g8EDh8516SnCQT3IDvPzgTk1PTM7Nz8+7C4tLyire6dmHSXFMW0lSkupEQwwRXLAQOgjUyzYhMBKsn18f9vH7DtOGpOodexlqSXCne4ZSARbEXyrgoIuCizXAEJC/joMRH2NIxVPkIfBLa5eWlbwd33F84yqQNYq8SVP2BsP/LjKMKGuk09u6jdkpzyRRQQYxpBn4GrYJo4FSw0o1ywzJCr8kVa1qriGSmVQy+X+ItS9q4k2p7FOAB/bpREGlMTyZ2UhLomp9ZH/6VNXPoHLQKrrIcmKLDizq5wJDifpe4zTWjIHrWEKq5fSumXaIJBdu4+7WE/024Wz2sBmd7lZo/amMObaBNtI0CtI9q6ASdohBRdIse0TN6ce6cJ+fVeRuOTjijnXX0Tc77B6p4rvg=</latexit><latexit sha1_base64="q+8nUSL3amNngjP+5+oTDm9b7Kg=">AAACPXicdZBLS8QwFIVT39ZX1aWb4CC4kKEVQQUXA25cKlhnYDqWNJNxgklaklthKP1lbvwN7ly6caHi1q2Zl/g8EDh8516SnCQT3IDvPzgTk1PTM7Nz8+7C4tLyire6dmHSXFMW0lSkupEQwwRXLAQOgjUyzYhMBKsn18f9vH7DtOGpOodexlqSXCne4ZSARbEXyrgoIuCizXAEJC/joMRH2NIxVPkIfBLa5eWlbwd33F84yqQNYq8SVP2BsP/LjKMKGuk09u6jdkpzyRRQQYxpBn4GrYJo4FSw0o1ywzJCr8kVa1qriGSmVQy+X+ItS9q4k2p7FOAB/bpREGlMTyZ2UhLomp9ZH/6VNXPoHLQKrrIcmKLDizq5wJDifpe4zTWjIHrWEKq5fSumXaIJBdu4+7WE/024Wz2sBmd7lZo/amMObaBNtI0CtI9q6ASdohBRdIse0TN6ce6cJ+fVeRuOTjijnXX0Tc77B6p4rvg=</latexit><latexit sha1_base64="q+8nUSL3amNngjP+5+oTDm9b7Kg=">AAACPXicdZBLS8QwFIVT39ZX1aWb4CC4kKEVQQUXA25cKlhnYDqWNJNxgklaklthKP1lbvwN7ly6caHi1q2Zl/g8EDh8516SnCQT3IDvPzgTk1PTM7Nz8+7C4tLyire6dmHSXFMW0lSkupEQwwRXLAQOgjUyzYhMBKsn18f9vH7DtOGpOodexlqSXCne4ZSARbEXyrgoIuCizXAEJC/joMRH2NIxVPkIfBLa5eWlbwd33F84yqQNYq8SVP2BsP/LjKMKGuk09u6jdkpzyRRQQYxpBn4GrYJo4FSw0o1ywzJCr8kVa1qriGSmVQy+X+ItS9q4k2p7FOAB/bpREGlMTyZ2UhLomp9ZH/6VNXPoHLQKrrIcmKLDizq5wJDifpe4zTWjIHrWEKq5fSumXaIJBdu4+7WE/024Wz2sBmd7lZo/amMObaBNtI0CtI9q6ASdohBRdIse0TN6ce6cJ+fVeRuOTjijnXX0Tc77B6p4rvg=</latexit>



Lepton charge asymmetry

• Number of negatively charged leptons 
is proportional to P (⌫̃ ! ⌫̃)

<latexit sha1_base64="DTmB4PUyC5FE8vrMyFI+QJB0GNA=">AAACEnicbVA9TwJBEN3DL8Qv1NJmI5igBTlo1I7ExhITERKOkL29Pdiwt3vZndOQC//Bxr9iY6HG1srOf+PyEYPgSyZ5eW8mM/P8WHADrvvtZFZW19Y3spu5re2d3b38/sGdUYmmrEGVULrlE8MEl6wBHARrxZqRyBes6Q+uxn7znmnDlbyFYcw6EelJHnJKwErd/FmxXko94CJg2JPJCHua9/pAtFYPeN44LXbzBbfsToB/SWWRFNAM9W7+ywsUTSImgQpiTLvixtBJiQZOBRvlvMSwmNAB6bG2pZJEzHTSyU8jfGKVAIdK25KAJ+r8REoiY4aRbzsjAn2z6I3F/7x2AuFFJ+UyToBJOl0UJgKDwuOAcMA1oyCGlhCqub0V0z7RhIKNMWdDWHp5mTSq5cty5aZaqLmzNLLoCB2jEqqgc1RD16iOGoiiR/SMXtGb8+S8OO/Ox7Q148xmDtEfOJ8/cOWdaA==</latexit><latexit sha1_base64="DTmB4PUyC5FE8vrMyFI+QJB0GNA=">AAACEnicbVA9TwJBEN3DL8Qv1NJmI5igBTlo1I7ExhITERKOkL29Pdiwt3vZndOQC//Bxr9iY6HG1srOf+PyEYPgSyZ5eW8mM/P8WHADrvvtZFZW19Y3spu5re2d3b38/sGdUYmmrEGVULrlE8MEl6wBHARrxZqRyBes6Q+uxn7znmnDlbyFYcw6EelJHnJKwErd/FmxXko94CJg2JPJCHua9/pAtFYPeN44LXbzBbfsToB/SWWRFNAM9W7+ywsUTSImgQpiTLvixtBJiQZOBRvlvMSwmNAB6bG2pZJEzHTSyU8jfGKVAIdK25KAJ+r8REoiY4aRbzsjAn2z6I3F/7x2AuFFJ+UyToBJOl0UJgKDwuOAcMA1oyCGlhCqub0V0z7RhIKNMWdDWHp5mTSq5cty5aZaqLmzNLLoCB2jEqqgc1RD16iOGoiiR/SMXtGb8+S8OO/Ox7Q148xmDtEfOJ8/cOWdaA==</latexit><latexit sha1_base64="DTmB4PUyC5FE8vrMyFI+QJB0GNA=">AAACEnicbVA9TwJBEN3DL8Qv1NJmI5igBTlo1I7ExhITERKOkL29Pdiwt3vZndOQC//Bxr9iY6HG1srOf+PyEYPgSyZ5eW8mM/P8WHADrvvtZFZW19Y3spu5re2d3b38/sGdUYmmrEGVULrlE8MEl6wBHARrxZqRyBes6Q+uxn7znmnDlbyFYcw6EelJHnJKwErd/FmxXko94CJg2JPJCHua9/pAtFYPeN44LXbzBbfsToB/SWWRFNAM9W7+ywsUTSImgQpiTLvixtBJiQZOBRvlvMSwmNAB6bG2pZJEzHTSyU8jfGKVAIdK25KAJ+r8REoiY4aRbzsjAn2z6I3F/7x2AuFFJ+UyToBJOl0UJgKDwuOAcMA1oyCGlhCqub0V0z7RhIKNMWdDWHp5mTSq5cty5aZaqLmzNLLoCB2jEqqgc1RD16iOGoiiR/SMXtGb8+S8OO/Ox7Q148xmDtEfOJ8/cOWdaA==</latexit><latexit sha1_base64="DTmB4PUyC5FE8vrMyFI+QJB0GNA=">AAACEnicbVA9TwJBEN3DL8Qv1NJmI5igBTlo1I7ExhITERKOkL29Pdiwt3vZndOQC//Bxr9iY6HG1srOf+PyEYPgSyZ5eW8mM/P8WHADrvvtZFZW19Y3spu5re2d3b38/sGdUYmmrEGVULrlE8MEl6wBHARrxZqRyBes6Q+uxn7znmnDlbyFYcw6EelJHnJKwErd/FmxXko94CJg2JPJCHua9/pAtFYPeN44LXbzBbfsToB/SWWRFNAM9W7+ywsUTSImgQpiTLvixtBJiQZOBRvlvMSwmNAB6bG2pZJEzHTSyU8jfGKVAIdK25KAJ+r8REoiY4aRbzsjAn2z6I3F/7x2AuFFJ+UyToBJOl0UJgKDwuOAcMA1oyCGlhCqub0V0z7RhIKNMWdDWHp5mTSq5cty5aZaqLmzNLLoCB2jEqqgc1RD16iOGoiiR/SMXtGb8+S8OO/Ox7Q148xmDtEfOJ8/cOWdaA==</latexit>

• Number of positively charged leptons 

(Nl�)
<latexit sha1_base64="PrCp/14hvFrINc+HQEpWZxL/caU=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBhMhHgy7uai3gBdPEsE1gWQNs5PZZMjs7DIPISz5DS8eVLz6Nd78GycPRBMLGoqqbrq7wpQzpV33y8mtrK6tb+Q3C1vbO7t7xf2De5UYSahPEp7IVogV5UxQXzPNaSuVFMchp81weDXxm49UKpaIOz1KaRDjvmARI1hbqVMp33Qz/nA2Lp+ibrHkVt0p0A/xFkkJ5mh0i5+dXkJMTIUmHCvV9txUBxmWmhFOx4WOUTTFZIj7tG2pwDFVQTa9eYxOrNJDUSJtCY2m6u+JDMdKjeLQdsZYD9SiNxH/89pGRxdBxkRqNBVktigyHOkETQJAPSYp0XxkCSaS2VsRGWCJibYxFWwISy8vE79Wvax6t7VS3Z2nkYcjOIYKeHAOdbiGBvhAIIUneIFXxzjPzpvzPmvNOfOZQ/gD5+MbTc+QCA==</latexit><latexit sha1_base64="PrCp/14hvFrINc+HQEpWZxL/caU=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBhMhHgy7uai3gBdPEsE1gWQNs5PZZMjs7DIPISz5DS8eVLz6Nd78GycPRBMLGoqqbrq7wpQzpV33y8mtrK6tb+Q3C1vbO7t7xf2De5UYSahPEp7IVogV5UxQXzPNaSuVFMchp81weDXxm49UKpaIOz1KaRDjvmARI1hbqVMp33Qz/nA2Lp+ibrHkVt0p0A/xFkkJ5mh0i5+dXkJMTIUmHCvV9txUBxmWmhFOx4WOUTTFZIj7tG2pwDFVQTa9eYxOrNJDUSJtCY2m6u+JDMdKjeLQdsZYD9SiNxH/89pGRxdBxkRqNBVktigyHOkETQJAPSYp0XxkCSaS2VsRGWCJibYxFWwISy8vE79Wvax6t7VS3Z2nkYcjOIYKeHAOdbiGBvhAIIUneIFXxzjPzpvzPmvNOfOZQ/gD5+MbTc+QCA==</latexit><latexit sha1_base64="PrCp/14hvFrINc+HQEpWZxL/caU=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBhMhHgy7uai3gBdPEsE1gWQNs5PZZMjs7DIPISz5DS8eVLz6Nd78GycPRBMLGoqqbrq7wpQzpV33y8mtrK6tb+Q3C1vbO7t7xf2De5UYSahPEp7IVogV5UxQXzPNaSuVFMchp81weDXxm49UKpaIOz1KaRDjvmARI1hbqVMp33Qz/nA2Lp+ibrHkVt0p0A/xFkkJ5mh0i5+dXkJMTIUmHCvV9txUBxmWmhFOx4WOUTTFZIj7tG2pwDFVQTa9eYxOrNJDUSJtCY2m6u+JDMdKjeLQdsZYD9SiNxH/89pGRxdBxkRqNBVktigyHOkETQJAPSYp0XxkCSaS2VsRGWCJibYxFWwISy8vE79Wvax6t7VS3Z2nkYcjOIYKeHAOdbiGBvhAIIUneIFXxzjPzpvzPmvNOfOZQ/gD5+MbTc+QCA==</latexit><latexit sha1_base64="PrCp/14hvFrINc+HQEpWZxL/caU=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBhMhHgy7uai3gBdPEsE1gWQNs5PZZMjs7DIPISz5DS8eVLz6Nd78GycPRBMLGoqqbrq7wpQzpV33y8mtrK6tb+Q3C1vbO7t7xf2De5UYSahPEp7IVogV5UxQXzPNaSuVFMchp81weDXxm49UKpaIOz1KaRDjvmARI1hbqVMp33Qz/nA2Lp+ibrHkVt0p0A/xFkkJ5mh0i5+dXkJMTIUmHCvV9txUBxmWmhFOx4WOUTTFZIj7tG2pwDFVQTa9eYxOrNJDUSJtCY2m6u+JDMdKjeLQdsZYD9SiNxH/89pGRxdBxkRqNBVktigyHOkETQJAPSYp0XxkCSaS2VsRGWCJibYxFWwISy8vE79Wvax6t7VS3Z2nkYcjOIYKeHAOdbiGBvhAIIUneIFXxzjPzpvzPmvNOfOZQ/gD5+MbTc+QCA==</latexit>

(Nl+)
<latexit sha1_base64="F46dndnYgVJgqx3UQKtGk1QTIsg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLZCRShJL+qt4MWTVDC20May2W7apZtN3N0USujv8OJBxat/xpv/xk1bRFsfDDzem2Fmnh9zprRtf1m5ldW19Y38ZmFre2d3r7h/cK+iRBLqkohHsuVjRTkT1NVMc9qKJcWhz2nTH15lfnNEpWKRuNPjmHoh7gsWMIK1kTxUKd90U/5wNimfom6xZFftKdAPcRZJCeZodIufnV5EkpAKTThWqu3YsfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp9OgJOjFKDwWRNCU0mqq/J1IcKjUOfdMZYj1Qi14m/ue1Ex1ceCkTcaKpILNFQcKRjlCWAOoxSYnmY0MwkczcisgAS0y0yalgQlh6eZm4tepl1bmtler2PI08HMExVMCBc6jDNTTABQKP8AQv8GqNrGfrzXqfteas+cwh/IH18Q2hmpAw</latexit><latexit sha1_base64="F46dndnYgVJgqx3UQKtGk1QTIsg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLZCRShJL+qt4MWTVDC20May2W7apZtN3N0USujv8OJBxat/xpv/xk1bRFsfDDzem2Fmnh9zprRtf1m5ldW19Y38ZmFre2d3r7h/cK+iRBLqkohHsuVjRTkT1NVMc9qKJcWhz2nTH15lfnNEpWKRuNPjmHoh7gsWMIK1kTxUKd90U/5wNimfom6xZFftKdAPcRZJCeZodIufnV5EkpAKTThWqu3YsfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp9OgJOjFKDwWRNCU0mqq/J1IcKjUOfdMZYj1Qi14m/ue1Ex1ceCkTcaKpILNFQcKRjlCWAOoxSYnmY0MwkczcisgAS0y0yalgQlh6eZm4tepl1bmtler2PI08HMExVMCBc6jDNTTABQKP8AQv8GqNrGfrzXqfteas+cwh/IH18Q2hmpAw</latexit><latexit sha1_base64="F46dndnYgVJgqx3UQKtGk1QTIsg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLZCRShJL+qt4MWTVDC20May2W7apZtN3N0USujv8OJBxat/xpv/xk1bRFsfDDzem2Fmnh9zprRtf1m5ldW19Y38ZmFre2d3r7h/cK+iRBLqkohHsuVjRTkT1NVMc9qKJcWhz2nTH15lfnNEpWKRuNPjmHoh7gsWMIK1kTxUKd90U/5wNimfom6xZFftKdAPcRZJCeZodIufnV5EkpAKTThWqu3YsfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp9OgJOjFKDwWRNCU0mqq/J1IcKjUOfdMZYj1Qi14m/ue1Ex1ceCkTcaKpILNFQcKRjlCWAOoxSYnmY0MwkczcisgAS0y0yalgQlh6eZm4tepl1bmtler2PI08HMExVMCBc6jDNTTABQKP8AQv8GqNrGfrzXqfteas+cwh/IH18Q2hmpAw</latexit><latexit sha1_base64="F46dndnYgVJgqx3UQKtGk1QTIsg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLZCRShJL+qt4MWTVDC20May2W7apZtN3N0USujv8OJBxat/xpv/xk1bRFsfDDzem2Fmnh9zprRtf1m5ldW19Y38ZmFre2d3r7h/cK+iRBLqkohHsuVjRTkT1NVMc9qKJcWhz2nTH15lfnNEpWKRuNPjmHoh7gsWMIK1kTxUKd90U/5wNimfom6xZFftKdAPcRZJCeZodIufnV5EkpAKTThWqu3YsfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp9OgJOjFKDwWRNCU0mqq/J1IcKjUOfdMZYj1Qi14m/ue1Ex1ceCkTcaKpILNFQcKRjlCWAOoxSYnmY0MwkczcisgAS0y0yalgQlh6eZm4tepl1bmtler2PI08HMExVMCBc6jDNTTABQKP8AQv8GqNrGfrzXqfteas+cwh/IH18Q2hmpAw</latexit>

is proportional to P (⌫̃ ! ⌫̃⇤)
<latexit sha1_base64="6JldS/7lYWLuS6irpwUpWPjZxfs=">AAACFHicbVA9SwNBEN2LXzF+nVraLCZCFAl3adQuYGMZwZhA7gx7m02yZG/v2J1TwpE/YeNfsbFQsbWw89+4+UBi4oOBx3szzMwLYsE1OM63lVlaXlldy67nNja3tnfs3b1bHSWKshqNRKQaAdFMcMlqwEGwRqwYCQPB6kH/cuTX75nSPJI3MIiZH5Ku5B1OCRipZZ8WqsXUAy7aDHsyGWJP8W4PiFLRA5417k6OCy0775ScMfAvcedJHk1RbdlfXjuiScgkUEG0brpODH5KFHAq2DDnJZrFhPZJlzUNlSRk2k/HXw3xkVHauBMpUxLwWJ2dSEmo9SAMTGdIoKfnvZH4n9dMoHPup1zGCTBJJ4s6icAQ4VFEuM0VoyAGhhCquLkV0x5RhIIJMmdCWHh5kdTKpYuSe13OV5xpGll0gA5REbnoDFXQFaqiGqLoET2jV/RmPVkv1rv1MWnNWNOZffQH1ucPqLqeBA==</latexit><latexit sha1_base64="6JldS/7lYWLuS6irpwUpWPjZxfs=">AAACFHicbVA9SwNBEN2LXzF+nVraLCZCFAl3adQuYGMZwZhA7gx7m02yZG/v2J1TwpE/YeNfsbFQsbWw89+4+UBi4oOBx3szzMwLYsE1OM63lVlaXlldy67nNja3tnfs3b1bHSWKshqNRKQaAdFMcMlqwEGwRqwYCQPB6kH/cuTX75nSPJI3MIiZH5Ku5B1OCRipZZ8WqsXUAy7aDHsyGWJP8W4PiFLRA5417k6OCy0775ScMfAvcedJHk1RbdlfXjuiScgkUEG0brpODH5KFHAq2DDnJZrFhPZJlzUNlSRk2k/HXw3xkVHauBMpUxLwWJ2dSEmo9SAMTGdIoKfnvZH4n9dMoHPup1zGCTBJJ4s6icAQ4VFEuM0VoyAGhhCquLkV0x5RhIIJMmdCWHh5kdTKpYuSe13OV5xpGll0gA5REbnoDFXQFaqiGqLoET2jV/RmPVkv1rv1MWnNWNOZffQH1ucPqLqeBA==</latexit><latexit sha1_base64="6JldS/7lYWLuS6irpwUpWPjZxfs=">AAACFHicbVA9SwNBEN2LXzF+nVraLCZCFAl3adQuYGMZwZhA7gx7m02yZG/v2J1TwpE/YeNfsbFQsbWw89+4+UBi4oOBx3szzMwLYsE1OM63lVlaXlldy67nNja3tnfs3b1bHSWKshqNRKQaAdFMcMlqwEGwRqwYCQPB6kH/cuTX75nSPJI3MIiZH5Ku5B1OCRipZZ8WqsXUAy7aDHsyGWJP8W4PiFLRA5417k6OCy0775ScMfAvcedJHk1RbdlfXjuiScgkUEG0brpODH5KFHAq2DDnJZrFhPZJlzUNlSRk2k/HXw3xkVHauBMpUxLwWJ2dSEmo9SAMTGdIoKfnvZH4n9dMoHPup1zGCTBJJ4s6icAQ4VFEuM0VoyAGhhCquLkV0x5RhIIJMmdCWHh5kdTKpYuSe13OV5xpGll0gA5REbnoDFXQFaqiGqLoET2jV/RmPVkv1rv1MWnNWNOZffQH1ucPqLqeBA==</latexit><latexit sha1_base64="6JldS/7lYWLuS6irpwUpWPjZxfs=">AAACFHicbVA9SwNBEN2LXzF+nVraLCZCFAl3adQuYGMZwZhA7gx7m02yZG/v2J1TwpE/YeNfsbFQsbWw89+4+UBi4oOBx3szzMwLYsE1OM63lVlaXlldy67nNja3tnfs3b1bHSWKshqNRKQaAdFMcMlqwEGwRqwYCQPB6kH/cuTX75nSPJI3MIiZH5Ku5B1OCRipZZ8WqsXUAy7aDHsyGWJP8W4PiFLRA5417k6OCy0775ScMfAvcedJHk1RbdlfXjuiScgkUEG0brpODH5KFHAq2DDnJZrFhPZJlzUNlSRk2k/HXw3xkVHauBMpUxLwWJ2dSEmo9SAMTGdIoKfnvZH4n9dMoHPup1zGCTBJJ4s6icAQ4VFEuM0VoyAGhhCquLkV0x5RhIIJMmdCWHh5kdTKpYuSe13OV5xpGll0gA5REbnoDFXQFaqiGqLoET2jV/RmPVkv1rv1MWnNWNOZffQH1ucPqLqeBA==</latexit>

Aasym ⌘ Nl��Nl+

Nl�+Nl+
<latexit sha1_base64="3Ks5R20TrSc5cNIsm6Z8aR5yR4Y=">AAACKHicdZDLSgMxFIYz9VbH26hLN8FWEErLTDfqruLGlVSwttAZh0yatqGZi0mmUIZ5HTe+ihsFlW59EtNpLfV2IPDzf+ckOb8XMSqkaY613NLyyupafl3f2Nza3jF2925FGHNMGjhkIW95SBBGA9KQVDLSijhBvsdI0xtcTHhzSLigYXAjRxFxfNQLaJdiJJXlGrXiuZsgMfJTaJP7mA5hkly5Cbsrp7AMM1VKUztUd+hzUJqDtOgaBatiZgXNX+ILFcCs6q7xYndCHPskkJghIdqWGUknQVxSzEiq27EgEcID1CNtJQPkE+Ek2aYpPFJOB3ZDrk4gYeYuTiTIF2oZT3X6SPbFTzYx/2LtWHZPnYQGUSxJgKcPdWMGZQgnscEO5QRLNlICYU7VXyHuI46wVOHqiyH8LxrVylnFuq4WauYsjTw4AIfgGFjgBNTAJaiDBsDgATyBV/CmPWrP2rs2nrbmtNnMPvhW2scnXJ6lmg==</latexit><latexit sha1_base64="3Ks5R20TrSc5cNIsm6Z8aR5yR4Y=">AAACKHicdZDLSgMxFIYz9VbH26hLN8FWEErLTDfqruLGlVSwttAZh0yatqGZi0mmUIZ5HTe+ihsFlW59EtNpLfV2IPDzf+ckOb8XMSqkaY613NLyyupafl3f2Nza3jF2925FGHNMGjhkIW95SBBGA9KQVDLSijhBvsdI0xtcTHhzSLigYXAjRxFxfNQLaJdiJJXlGrXiuZsgMfJTaJP7mA5hkly5Cbsrp7AMM1VKUztUd+hzUJqDtOgaBatiZgXNX+ILFcCs6q7xYndCHPskkJghIdqWGUknQVxSzEiq27EgEcID1CNtJQPkE+Ek2aYpPFJOB3ZDrk4gYeYuTiTIF2oZT3X6SPbFTzYx/2LtWHZPnYQGUSxJgKcPdWMGZQgnscEO5QRLNlICYU7VXyHuI46wVOHqiyH8LxrVylnFuq4WauYsjTw4AIfgGFjgBNTAJaiDBsDgATyBV/CmPWrP2rs2nrbmtNnMPvhW2scnXJ6lmg==</latexit><latexit sha1_base64="3Ks5R20TrSc5cNIsm6Z8aR5yR4Y=">AAACKHicdZDLSgMxFIYz9VbH26hLN8FWEErLTDfqruLGlVSwttAZh0yatqGZi0mmUIZ5HTe+ihsFlW59EtNpLfV2IPDzf+ckOb8XMSqkaY613NLyyupafl3f2Nza3jF2925FGHNMGjhkIW95SBBGA9KQVDLSijhBvsdI0xtcTHhzSLigYXAjRxFxfNQLaJdiJJXlGrXiuZsgMfJTaJP7mA5hkly5Cbsrp7AMM1VKUztUd+hzUJqDtOgaBatiZgXNX+ILFcCs6q7xYndCHPskkJghIdqWGUknQVxSzEiq27EgEcID1CNtJQPkE+Ek2aYpPFJOB3ZDrk4gYeYuTiTIF2oZT3X6SPbFTzYx/2LtWHZPnYQGUSxJgKcPdWMGZQgnscEO5QRLNlICYU7VXyHuI46wVOHqiyH8LxrVylnFuq4WauYsjTw4AIfgGFjgBNTAJaiDBsDgATyBV/CmPWrP2rs2nrbmtNnMPvhW2scnXJ6lmg==</latexit><latexit sha1_base64="3Ks5R20TrSc5cNIsm6Z8aR5yR4Y=">AAACKHicdZDLSgMxFIYz9VbH26hLN8FWEErLTDfqruLGlVSwttAZh0yatqGZi0mmUIZ5HTe+ihsFlW59EtNpLfV2IPDzf+ckOb8XMSqkaY613NLyyupafl3f2Nza3jF2925FGHNMGjhkIW95SBBGA9KQVDLSijhBvsdI0xtcTHhzSLigYXAjRxFxfNQLaJdiJJXlGrXiuZsgMfJTaJP7mA5hkly5Cbsrp7AMM1VKUztUd+hzUJqDtOgaBatiZgXNX+ILFcCs6q7xYndCHPskkJghIdqWGUknQVxSzEiq27EgEcID1CNtJQPkE+Ek2aYpPFJOB3ZDrk4gYeYuTiTIF2oZT3X6SPbFTzYx/2LtWHZPnYQGUSxJgKcPdWMGZQgnscEO5QRLNlICYU7VXyHuI46wVOHqiyH8LxrVylnFuq4WauYsjTw4AIfgGFjgBNTAJaiDBsDgATyBV/CmPWrP2rs2nrbmtNnMPvhW2scnXJ6lmg==</latexit>

• At the LHC one can study this asymmetry through
pp �! ⌫̃⌧ ⌧̃

+
1

<latexit sha1_base64="+2A7hvrvtxoBGYQSXXpj4UXd1ZQ=">AAACInicbVDLSgMxFM3UV62vqks3wVYQhDLTjY9VwY3LCtYWOnXIpGkbmkmG5I5Shv6LG3/FjQtfK8GPMX3go/XAhZNz7iX3njAW3IDrfjiZhcWl5ZXsam5tfWNzK7+9c21UoimrUSWUboTEMMElqwEHwRqxZiQKBauH/fORX79l2nAlr2AQs1ZEupJ3OCVgpSB/VoxxjLEvlOxq3u0B0Vrd4dQHLtoM+zIZBj6Q5Eexj2Hg3RwVg3zBLblj4G/izZICmqIa5N/8tqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1oqScRMKx3fOMQHVmnjjtK2JOCx+nsiJZExgyi0nRGBnpn1RuJ/XjOBzkkr5TJOgEk6+aiTCAwKjwLDba4ZBTGwhFDN7a6Y9ogmFGysORvC3MnzpFYunZa8y3Kh4k7TyKI9tI8OkYeOUQVdoCqqIYru0SN6Ri/Og/PkvDrvk9aMM53ZRX/gfH4Bufqj3A==</latexit><latexit sha1_base64="+2A7hvrvtxoBGYQSXXpj4UXd1ZQ=">AAACInicbVDLSgMxFM3UV62vqks3wVYQhDLTjY9VwY3LCtYWOnXIpGkbmkmG5I5Shv6LG3/FjQtfK8GPMX3go/XAhZNz7iX3njAW3IDrfjiZhcWl5ZXsam5tfWNzK7+9c21UoimrUSWUboTEMMElqwEHwRqxZiQKBauH/fORX79l2nAlr2AQs1ZEupJ3OCVgpSB/VoxxjLEvlOxq3u0B0Vrd4dQHLtoM+zIZBj6Q5Eexj2Hg3RwVg3zBLblj4G/izZICmqIa5N/8tqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1oqScRMKx3fOMQHVmnjjtK2JOCx+nsiJZExgyi0nRGBnpn1RuJ/XjOBzkkr5TJOgEk6+aiTCAwKjwLDba4ZBTGwhFDN7a6Y9ogmFGysORvC3MnzpFYunZa8y3Kh4k7TyKI9tI8OkYeOUQVdoCqqIYru0SN6Ri/Og/PkvDrvk9aMM53ZRX/gfH4Bufqj3A==</latexit><latexit sha1_base64="+2A7hvrvtxoBGYQSXXpj4UXd1ZQ=">AAACInicbVDLSgMxFM3UV62vqks3wVYQhDLTjY9VwY3LCtYWOnXIpGkbmkmG5I5Shv6LG3/FjQtfK8GPMX3go/XAhZNz7iX3njAW3IDrfjiZhcWl5ZXsam5tfWNzK7+9c21UoimrUSWUboTEMMElqwEHwRqxZiQKBauH/fORX79l2nAlr2AQs1ZEupJ3OCVgpSB/VoxxjLEvlOxq3u0B0Vrd4dQHLtoM+zIZBj6Q5Eexj2Hg3RwVg3zBLblj4G/izZICmqIa5N/8tqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1oqScRMKx3fOMQHVmnjjtK2JOCx+nsiJZExgyi0nRGBnpn1RuJ/XjOBzkkr5TJOgEk6+aiTCAwKjwLDba4ZBTGwhFDN7a6Y9ogmFGysORvC3MnzpFYunZa8y3Kh4k7TyKI9tI8OkYeOUQVdoCqqIYru0SN6Ri/Og/PkvDrvk9aMM53ZRX/gfH4Bufqj3A==</latexit><latexit sha1_base64="+2A7hvrvtxoBGYQSXXpj4UXd1ZQ=">AAACInicbVDLSgMxFM3UV62vqks3wVYQhDLTjY9VwY3LCtYWOnXIpGkbmkmG5I5Shv6LG3/FjQtfK8GPMX3go/XAhZNz7iX3njAW3IDrfjiZhcWl5ZXsam5tfWNzK7+9c21UoimrUSWUboTEMMElqwEHwRqxZiQKBauH/fORX79l2nAlr2AQs1ZEupJ3OCVgpSB/VoxxjLEvlOxq3u0B0Vrd4dQHLtoM+zIZBj6Q5Eexj2Hg3RwVg3zBLblj4G/izZICmqIa5N/8tqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1oqScRMKx3fOMQHVmnjjtK2JOCx+nsiJZExgyi0nRGBnpn1RuJ/XjOBzkkr5TJOgEk6+aiTCAwKjwLDba4ZBTGwhFDN7a6Y9ogmFGysORvC3MnzpFYunZa8y3Kh4k7TyKI9tI8OkYeOUQVdoCqqIYru0SN6Ri/Og/PkvDrvk9aMM53ZRX/gfH4Bufqj3A==</latexit>

Aasym = P⌫̃⌧!⌫̃⇤
⌧
� P⌫̃⌧!⌫̃⌧

<latexit sha1_base64="KmmVauUMT/+koIRpKAVThYuSVic=">AAACYHichVFNSwMxFMyu39V+qDe9BKsggmW3F/UgKF48VrAqdOvyNk3b0Gx2Sd6qZdk/6c2LF/+Iae1BreBAYJh5w0smUSqFQc97c9yFxaXlldW10vpGuVKtbW7dmSTTjLdZIhP9EIHhUijeRoGSP6SaQxxJfh+Nrib+/RPXRiTqFscp78YwUKIvGKCVwtrL/mWYgxnHBT2nrTDPAxSyx2mgsiIMEDIaaDEYImidPNPSnP14VN Djf3NzbrEf1upew5uCzhN/RupkhlZYew16CctirpBJMKbjeyl2c9AomORFKcgMT4GNYMA7liqIuenm04YKemCVHu0n2h6FdKp+T+QQG1tCZCdjwKH57U3Ev7xOhv3Tbi5UmiFX7GtRP5MUEzqpm/aE5gzl2BJgWti7UjYEDQztp5RsCf7vJ8+TdrNx1vBvmvULb9bGKtkle+SQ+OSEXJBr0iJtwsi7s+iUnYrz4a65VXfza9R1Zplt8gPuzidMqrdY</latexit><latexit sha1_base64="KmmVauUMT/+koIRpKAVThYuSVic=">AAACYHichVFNSwMxFMyu39V+qDe9BKsggmW3F/UgKF48VrAqdOvyNk3b0Gx2Sd6qZdk/6c2LF/+Iae1BreBAYJh5w0smUSqFQc97c9yFxaXlldW10vpGuVKtbW7dmSTTjLdZIhP9EIHhUijeRoGSP6SaQxxJfh+Nrib+/RPXRiTqFscp78YwUKIvGKCVwtrL/mWYgxnHBT2nrTDPAxSyx2mgsiIMEDIaaDEYImidPNPSnP14VN Djf3NzbrEf1upew5uCzhN/RupkhlZYew16CctirpBJMKbjeyl2c9AomORFKcgMT4GNYMA7liqIuenm04YKemCVHu0n2h6FdKp+T+QQG1tCZCdjwKH57U3Ev7xOhv3Tbi5UmiFX7GtRP5MUEzqpm/aE5gzl2BJgWti7UjYEDQztp5RsCf7vJ8+TdrNx1vBvmvULb9bGKtkle+SQ+OSEXJBr0iJtwsi7s+iUnYrz4a65VXfza9R1Zplt8gPuzidMqrdY</latexit><latexit sha1_base64="KmmVauUMT/+koIRpKAVThYuSVic=">AAACYHichVFNSwMxFMyu39V+qDe9BKsggmW3F/UgKF48VrAqdOvyNk3b0Gx2Sd6qZdk/6c2LF/+Iae1BreBAYJh5w0smUSqFQc97c9yFxaXlldW10vpGuVKtbW7dmSTTjLdZIhP9EIHhUijeRoGSP6SaQxxJfh+Nrib+/RPXRiTqFscp78YwUKIvGKCVwtrL/mWYgxnHBT2nrTDPAxSyx2mgsiIMEDIaaDEYImidPNPSnP14VN Djf3NzbrEf1upew5uCzhN/RupkhlZYew16CctirpBJMKbjeyl2c9AomORFKcgMT4GNYMA7liqIuenm04YKemCVHu0n2h6FdKp+T+QQG1tCZCdjwKH57U3Ev7xOhv3Tbi5UmiFX7GtRP5MUEzqpm/aE5gzl2BJgWti7UjYEDQztp5RsCf7vJ8+TdrNx1vBvmvULb9bGKtkle+SQ+OSEXJBr0iJtwsi7s+iUnYrz4a65VXfza9R1Zplt8gPuzidMqrdY</latexit><latexit sha1_base64="KmmVauUMT/+koIRpKAVThYuSVic=">AAACYHichVFNSwMxFMyu39V+qDe9BKsggmW3F/UgKF48VrAqdOvyNk3b0Gx2Sd6qZdk/6c2LF/+Iae1BreBAYJh5w0smUSqFQc97c9yFxaXlldW10vpGuVKtbW7dmSTTjLdZIhP9EIHhUijeRoGSP6SaQxxJfh+Nrib+/RPXRiTqFscp78YwUKIvGKCVwtrL/mWYgxnHBT2nrTDPAxSyx2mgsiIMEDIaaDEYImidPNPSnP14VN Djf3NzbrEf1upew5uCzhN/RupkhlZYew16CctirpBJMKbjeyl2c9AomORFKcgMT4GNYMA7liqIuenm04YKemCVHu0n2h6FdKp+T+QQG1tCZCdjwKH57U3Ev7xOhv3Tbi5UmiFX7GtRP5MUEzqpm/aE5gzl2BJgWti7UjYEDQztp5RsCf7vJ8+TdrNx1vBvmvULb9bGKtkle+SQ+OSEXJBr0iJtwsi7s+iUnYrz4a65VXfza9R1Zplt8gPuzidMqrdY</latexit>

Elsayed et al (2013) 
Dedes, Haber, Rosiek (2008) 
Ghosh, Honkavaara, Huitu, Roy (2008), (2010)



MSSM with R-parity violation
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<latexit sha1_base64="pBXJKDM6cO7KPrt9qEia3bz+xFs="></latexit><latexit sha1_base64="pBXJKDM6cO7KPrt9qEia3bz+xFs="></latexit><latexit sha1_base64="pBXJKDM6cO7KPrt9qEia3bz+xFs="></latexit><latexit sha1_base64="pBXJKDM6cO7KPrt9qEia3bz+xFs="></latexit>

R = (�1)3B+L+2s
<latexit sha1_base64="wZ1xd9Nhn+M2AjTSHvt+hbw2YHI=">AAAB/3icbVDLSsNAFJ34rPEVdeHCzWARKsWSVEFdCEU3LlxUMbbQxjKZTtqhk0mYmQglZOOvuHGh4tbfcOffOH0g2nrgwuGce7n3Hj9mVCrb/jJmZufmFxZzS+byyuraurWxeSejRGDi4ohFou4jSRjlxFVUMVKPBUGhz0jN710M/NoDEZJG/Fb1Y+KFqMNpQDFSWmpZ29C8gWewcODs36eH57AIr2CxLLOWlbdL9hDwhziTJA/GqLasz2Y7wklIuMIMSdlw7Fh5KRKKYkYys5lIEiPcQx3S0JSjkEgvHT6QwT2ttGEQCV1cwaH6eyJFoZT90NedIVJdOekNxP+8RqKCEy+lPE4U4Xi0KEgYVBEcpAHbVBCsWF8ThAXVt0LcRQJhpTMzdQhTL08Tt1w6LTnXR/mKPU4jB3bALigABxyDCrgEVeACDDLwBF7Aq/FoPBtvxvuodcYYz2yBPzA+vgEo95Ju</latexit><latexit sha1_base64="wZ1xd9Nhn+M2AjTSHvt+hbw2YHI=">AAAB/3icbVDLSsNAFJ34rPEVdeHCzWARKsWSVEFdCEU3LlxUMbbQxjKZTtqhk0mYmQglZOOvuHGh4tbfcOffOH0g2nrgwuGce7n3Hj9mVCrb/jJmZufmFxZzS+byyuraurWxeSejRGDi4ohFou4jSRjlxFVUMVKPBUGhz0jN710M/NoDEZJG/Fb1Y+KFqMNpQDFSWmpZ29C8gWewcODs36eH57AIr2CxLLOWlbdL9hDwhziTJA/GqLasz2Y7wklIuMIMSdlw7Fh5KRKKYkYys5lIEiPcQx3S0JSjkEgvHT6QwT2ttGEQCV1cwaH6eyJFoZT90NedIVJdOekNxP+8RqKCEy+lPE4U4Xi0KEgYVBEcpAHbVBCsWF8ThAXVt0LcRQJhpTMzdQhTL08Tt1w6LTnXR/mKPU4jB3bALigABxyDCrgEVeACDDLwBF7Aq/FoPBtvxvuodcYYz2yBPzA+vgEo95Ju</latexit><latexit sha1_base64="wZ1xd9Nhn+M2AjTSHvt+hbw2YHI=">AAAB/3icbVDLSsNAFJ34rPEVdeHCzWARKsWSVEFdCEU3LlxUMbbQxjKZTtqhk0mYmQglZOOvuHGh4tbfcOffOH0g2nrgwuGce7n3Hj9mVCrb/jJmZufmFxZzS+byyuraurWxeSejRGDi4ohFou4jSRjlxFVUMVKPBUGhz0jN710M/NoDEZJG/Fb1Y+KFqMNpQDFSWmpZ29C8gWewcODs36eH57AIr2CxLLOWlbdL9hDwhziTJA/GqLasz2Y7wklIuMIMSdlw7Fh5KRKKYkYys5lIEiPcQx3S0JSjkEgvHT6QwT2ttGEQCV1cwaH6eyJFoZT90NedIVJdOekNxP+8RqKCEy+lPE4U4Xi0KEgYVBEcpAHbVBCsWF8ThAXVt0LcRQJhpTMzdQhTL08Tt1w6LTnXR/mKPU4jB3bALigABxyDCrgEVeACDDLwBF7Aq/FoPBtvxvuodcYYz2yBPzA+vgEo95Ju</latexit><latexit sha1_base64="wZ1xd9Nhn+M2AjTSHvt+hbw2YHI=">AAAB/3icbVDLSsNAFJ34rPEVdeHCzWARKsWSVEFdCEU3LlxUMbbQxjKZTtqhk0mYmQglZOOvuHGh4tbfcOffOH0g2nrgwuGce7n3Hj9mVCrb/jJmZufmFxZzS+byyuraurWxeSejRGDi4ohFou4jSRjlxFVUMVKPBUGhz0jN710M/NoDEZJG/Fb1Y+KFqMNpQDFSWmpZ29C8gWewcODs36eH57AIr2CxLLOWlbdL9hDwhziTJA/GqLasz2Y7wklIuMIMSdlw7Fh5KRKKYkYys5lIEiPcQx3S0JSjkEgvHT6QwT2ttGEQCV1cwaH6eyJFoZT90NedIVJdOekNxP+8RqKCEy+lPE4U4Xi0KEgYVBEcpAHbVBCsWF8ThAXVt0LcRQJhpTMzdQhTL08Tt1w6LTnXR/mKPU4jB3bALigABxyDCrgEVeACDDLwBF7Aq/FoPBtvxvuodcYYz2yBPzA+vgEo95Ju</latexit>
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<latexit sha1_base64="g/FXFDshdBQXVhHg1l8xG1sLeIg="></latexit><latexit sha1_base64="g/FXFDshdBQXVhHg1l8xG1sLeIg="></latexit><latexit sha1_base64="g/FXFDshdBQXVhHg1l8xG1sLeIg="></latexit><latexit sha1_base64="g/FXFDshdBQXVhHg1l8xG1sLeIg="></latexit>

Neutrino masses in MSSM with RPV have been widely studied

It is not possible to distinguish between ĤD
<latexit sha1_base64="7DCKX0TOs3coNH4NbCyTsk5+cK0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FPfRYwWihDWWz3bRLN5u4OxFK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun9wb5JMM+6zRCa6HVLDpVDcR4GSt1PNaRxK/hCOrqf+wxPXRiTqDscpD2I6UCISjKKV2t0hRdLs3fSqNbfuzkCWiVeQGhRo9apf3X7CspgrZJIa0/HcFIOcahRM8kmlmxmeUjaiA96xVNGYmyCf3TshJ1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gyyIVKM+SKzRdFmSSYkOnzpC80ZyjHllCmhb2VsCHVlKGNqGJD8BZfXib+Wf2q7t2e1xpukUYZjuAYTsGDC2hAE1rgAwMJz/AKb86j8+K8Ox/z1pJTzBzCHzifP6RMjzA=</latexit><latexit sha1_base64="7DCKX0TOs3coNH4NbCyTsk5+cK0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FPfRYwWihDWWz3bRLN5u4OxFK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun9wb5JMM+6zRCa6HVLDpVDcR4GSt1PNaRxK/hCOrqf+wxPXRiTqDscpD2I6UCISjKKV2t0hRdLs3fSqNbfuzkCWiVeQGhRo9apf3X7CspgrZJIa0/HcFIOcahRM8kmlmxmeUjaiA96xVNGYmyCf3TshJ1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gyyIVKM+SKzRdFmSSYkOnzpC80ZyjHllCmhb2VsCHVlKGNqGJD8BZfXib+Wf2q7t2e1xpukUYZjuAYTsGDC2hAE1rgAwMJz/AKb86j8+K8Ox/z1pJTzBzCHzifP6RMjzA=</latexit><latexit sha1_base64="7DCKX0TOs3coNH4NbCyTsk5+cK0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FPfRYwWihDWWz3bRLN5u4OxFK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun9wb5JMM+6zRCa6HVLDpVDcR4GSt1PNaRxK/hCOrqf+wxPXRiTqDscpD2I6UCISjKKV2t0hRdLs3fSqNbfuzkCWiVeQGhRo9apf3X7CspgrZJIa0/HcFIOcahRM8kmlmxmeUjaiA96xVNGYmyCf3TshJ1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gyyIVKM+SKzRdFmSSYkOnzpC80ZyjHllCmhb2VsCHVlKGNqGJD8BZfXib+Wf2q7t2e1xpukUYZjuAYTsGDC2hAE1rgAwMJz/AKb86j8+K8Ox/z1pJTzBzCHzifP6RMjzA=</latexit><latexit sha1_base64="7DCKX0TOs3coNH4NbCyTsk5+cK0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FPfRYwWihDWWz3bRLN5u4OxFK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun9wb5JMM+6zRCa6HVLDpVDcR4GSt1PNaRxK/hCOrqf+wxPXRiTqDscpD2I6UCISjKKV2t0hRdLs3fSqNbfuzkCWiVeQGhRo9apf3X7CspgrZJIa0/HcFIOcahRM8kmlmxmeUjaiA96xVNGYmyCf3TshJ1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gyyIVKM+SKzRdFmSSYkOnzpC80ZyjHllCmhb2VsCHVlKGNqGJD8BZfXib+Wf2q7t2e1xpukUYZjuAYTsGDC2hAE1rgAwMJz/AKb86j8+K8Ox/z1pJTzBzCHzifP6RMjzA=</latexit>

and
L̂m

<latexit sha1_base64="+5LLB4HdemmxzyBUokWdaU1RZH8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx48VDC20Iay2W7apZtN3J0IJfRPePGg4tXf481/47bNQVsfDDzem2FmXphKYdB1v53Syura+kZ5s7K1vbO7V90/eDBJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo+up33ri2ohE3eM45UFMB0pEglG0Urs7pEhue3GvWnPr7gxkmXgFqUGBZq/61e0nLIu5QiapMR3PTTHIqUbBJJ9UupnhKWUjOuAdSxWNuQny2b0TcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1Mowug1yoNEOu2HxRlEmCCZk+T/pCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXin9Wv6t7dea3hFmmU4QiO4RQ8uIAG3EATfGAg4Rle4c15dF6cd+dj3lpyiplD+APn8wfoW49d</latexit><latexit sha1_base64="+5LLB4HdemmxzyBUokWdaU1RZH8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx48VDC20Iay2W7apZtN3J0IJfRPePGg4tXf481/47bNQVsfDDzem2FmXphKYdB1v53Syura+kZ5s7K1vbO7V90/eDBJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo+up33ri2ohE3eM45UFMB0pEglG0Urs7pEhue3GvWnPr7gxkmXgFqUGBZq/61e0nLIu5QiapMR3PTTHIqUbBJJ9UupnhKWUjOuAdSxWNuQny2b0TcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1Mowug1yoNEOu2HxRlEmCCZk+T/pCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXin9Wv6t7dea3hFmmU4QiO4RQ8uIAG3EATfGAg4Rle4c15dF6cd+dj3lpyiplD+APn8wfoW49d</latexit><latexit sha1_base64="+5LLB4HdemmxzyBUokWdaU1RZH8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx48VDC20Iay2W7apZtN3J0IJfRPePGg4tXf481/47bNQVsfDDzem2FmXphKYdB1v53Syura+kZ5s7K1vbO7V90/eDBJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo+up33ri2ohE3eM45UFMB0pEglG0Urs7pEhue3GvWnPr7gxkmXgFqUGBZq/61e0nLIu5QiapMR3PTTHIqUbBJJ9UupnhKWUjOuAdSxWNuQny2b0TcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1Mowug1yoNEOu2HxRlEmCCZk+T/pCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXin9Wv6t7dea3hFmmU4QiO4RQ8uIAG3EATfGAg4Rle4c15dF6cd+dj3lpyiplD+APn8wfoW49d</latexit><latexit sha1_base64="+5LLB4HdemmxzyBUokWdaU1RZH8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx48VDC20Iay2W7apZtN3J0IJfRPePGg4tXf481/47bNQVsfDDzem2FmXphKYdB1v53Syura+kZ5s7K1vbO7V90/eDBJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo+up33ri2ohE3eM45UFMB0pEglG0Urs7pEhue3GvWnPr7gxkmXgFqUGBZq/61e0nLIu5QiapMR3PTTHIqUbBJJ9UupnhKWUjOuAdSxWNuQny2b0TcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1Mowug1yoNEOu2HxRlEmCCZk+T/pCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXin9Wv6t7dea3hFmmU4QiO4RQ8uIAG3EATfGAg4Rle4c15dF6cd+dj3lpyiplD+APn8wfoW49d</latexit>

(m = 1, 2, 3)
<latexit sha1_base64="bF4P2drIjUawzfg0y2ZFFA62neQ=">AAAB8XicbVBNSwMxEM36WetX1aOXYBEqlLJbBfUgFLx4rODawnYp2TTbhmaTJZkVSunP8OJBxav/xpv/xrTdg7Y+GHi8N8PMvCgV3IDrfjsrq2vrG5uFreL2zu7efung8NGoTFPmUyWUbkfEMMEl84GDYO1UM5JEgrWi4e3Ubz0xbbiSDzBKWZiQvuQxpwSsFFQSfIO9ar16ftYtld2aOwNeJl5OyihHs1v66vQUzRImgQpiTOC5KYRjooFTwSbFTmZYSuiQ9FlgqSQJM+F4dvIEn1qlh2OlbUnAM/X3xJgkxoySyHYmBAZm0ZuK/3lBBvFVOOYyzYBJOl8UZwKDwtP/cY9rRkGMLCFUc3srpgOiCQWbUtGG4C2+vEz8eu265t1flBtunkYBHaMTVEEeukQNdIeayEcUKfSMXtGbA86L8+58zFtXnHzmCP2B8/kDWtKO0w==</latexit><latexit sha1_base64="bF4P2drIjUawzfg0y2ZFFA62neQ=">AAAB8XicbVBNSwMxEM36WetX1aOXYBEqlLJbBfUgFLx4rODawnYp2TTbhmaTJZkVSunP8OJBxav/xpv/xrTdg7Y+GHi8N8PMvCgV3IDrfjsrq2vrG5uFreL2zu7efung8NGoTFPmUyWUbkfEMMEl84GDYO1UM5JEgrWi4e3Ubz0xbbiSDzBKWZiQvuQxpwSsFFQSfIO9ar16ftYtld2aOwNeJl5OyihHs1v66vQUzRImgQpiTOC5KYRjooFTwSbFTmZYSuiQ9FlgqSQJM+F4dvIEn1qlh2OlbUnAM/X3xJgkxoySyHYmBAZm0ZuK/3lBBvFVOOYyzYBJOl8UZwKDwtP/cY9rRkGMLCFUc3srpgOiCQWbUtGG4C2+vEz8eu265t1flBtunkYBHaMTVEEeukQNdIeayEcUKfSMXtGbA86L8+58zFtXnHzmCP2B8/kDWtKO0w==</latexit><latexit sha1_base64="bF4P2drIjUawzfg0y2ZFFA62neQ=">AAAB8XicbVBNSwMxEM36WetX1aOXYBEqlLJbBfUgFLx4rODawnYp2TTbhmaTJZkVSunP8OJBxav/xpv/xrTdg7Y+GHi8N8PMvCgV3IDrfjsrq2vrG5uFreL2zu7efung8NGoTFPmUyWUbkfEMMEl84GDYO1UM5JEgrWi4e3Ubz0xbbiSDzBKWZiQvuQxpwSsFFQSfIO9ar16ftYtld2aOwNeJl5OyihHs1v66vQUzRImgQpiTOC5KYRjooFTwSbFTmZYSuiQ9FlgqSQJM+F4dvIEn1qlh2OlbUnAM/X3xJgkxoySyHYmBAZm0ZuK/3lBBvFVOOYyzYBJOl8UZwKDwtP/cY9rRkGMLCFUc3srpgOiCQWbUtGG4C2+vEz8eu265t1flBtunkYBHaMTVEEeukQNdIeayEcUKfSMXtGbA86L8+58zFtXnHzmCP2B8/kDWtKO0w==</latexit><latexit sha1_base64="bF4P2drIjUawzfg0y2ZFFA62neQ=">AAAB8XicbVBNSwMxEM36WetX1aOXYBEqlLJbBfUgFLx4rODawnYp2TTbhmaTJZkVSunP8OJBxav/xpv/xrTdg7Y+GHi8N8PMvCgV3IDrfjsrq2vrG5uFreL2zu7efung8NGoTFPmUyWUbkfEMMEl84GDYO1UM5JEgrWi4e3Ubz0xbbiSDzBKWZiQvuQxpwSsFFQSfIO9ar16ftYtld2aOwNeJl5OyihHs1v66vQUzRImgQpiTOC5KYRjooFTwSbFTmZYSuiQ9FlgqSQJM+F4dvIEn1qlh2OlbUnAM/X3xJgkxoySyHYmBAZm0ZuK/3lBBvFVOOYyzYBJOl8UZwKDwtP/cY9rRkGMLCFUc3srpgOiCQWbUtGG4C2+vEz8eu265t1flBtunkYBHaMTVEEeukQNdIeayEcUKfSMXtGbA86L8+58zFtXnHzmCP2B8/kDWtKO0w==</latexit>

Four supermultiplets by one symbol L̂↵(↵ = 0, 1, 2, 3)
<latexit sha1_base64="U90QestMPs1wVc8kWripED+5RvU=">AAACBnicbVDLSgMxFM34rPVVdSlIsAgVSpmpgroQCm5cuKhgbaEzDHfSTBuayQxJRihDd278FTcuVNz6De78G9PHQlsPXO7hnHtJ7gkSzpS27W9rYXFpeWU1t5Zf39jc2i7s7N6rOJWENkjMY9kKQFHOBG1opjltJZJCFHDaDPpXI7/5QKVisbjTg4R6EXQFCxkBbSS/cOD2QOMb3wWe9ACXJv3SLjvlavnk2C8U7Yo9Bp4nzpQU0RR1v/DldmKSRlRowkGptmMn2stAakY4HebdVNEESB+6tG2ogIgqLxvfMcRHRungMJamhMZj9fdGBpFSgygwkxHonpr1RuJ/XjvV4bmXMZGkmgoyeShMOdYxHoWCO0xSovnAECCSmb9i0gMJRJvo8iYEZ/bkedKoVi4qzu1psWZP08ihfXSISshBZ6iGrlEdNRBBj+gZvaI368l6sd6tj8nogjXd2UN/YH3+AKQnlrk=</latexit><latexit sha1_base64="U90QestMPs1wVc8kWripED+5RvU=">AAACBnicbVDLSgMxFM34rPVVdSlIsAgVSpmpgroQCm5cuKhgbaEzDHfSTBuayQxJRihDd278FTcuVNz6De78G9PHQlsPXO7hnHtJ7gkSzpS27W9rYXFpeWU1t5Zf39jc2i7s7N6rOJWENkjMY9kKQFHOBG1opjltJZJCFHDaDPpXI7/5QKVisbjTg4R6EXQFCxkBbSS/cOD2QOMb3wWe9ACXJv3SLjvlavnk2C8U7Yo9Bp4nzpQU0RR1v/DldmKSRlRowkGptmMn2stAakY4HebdVNEESB+6tG2ogIgqLxvfMcRHRungMJamhMZj9fdGBpFSgygwkxHonpr1RuJ/XjvV4bmXMZGkmgoyeShMOdYxHoWCO0xSovnAECCSmb9i0gMJRJvo8iYEZ/bkedKoVi4qzu1psWZP08ihfXSISshBZ6iGrlEdNRBBj+gZvaI368l6sd6tj8nogjXd2UN/YH3+AKQnlrk=</latexit><latexit sha1_base64="U90QestMPs1wVc8kWripED+5RvU=">AAACBnicbVDLSgMxFM34rPVVdSlIsAgVSpmpgroQCm5cuKhgbaEzDHfSTBuayQxJRihDd278FTcuVNz6De78G9PHQlsPXO7hnHtJ7gkSzpS27W9rYXFpeWU1t5Zf39jc2i7s7N6rOJWENkjMY9kKQFHOBG1opjltJZJCFHDaDPpXI7/5QKVisbjTg4R6EXQFCxkBbSS/cOD2QOMb3wWe9ACXJv3SLjvlavnk2C8U7Yo9Bp4nzpQU0RR1v/DldmKSRlRowkGptmMn2stAakY4HebdVNEESB+6tG2ogIgqLxvfMcRHRungMJamhMZj9fdGBpFSgygwkxHonpr1RuJ/XjvV4bmXMZGkmgoyeShMOdYxHoWCO0xSovnAECCSmb9i0gMJRJvo8iYEZ/bkedKoVi4qzu1psWZP08ihfXSISshBZ6iGrlEdNRBBj+gZvaI368l6sd6tj8nogjXd2UN/YH3+AKQnlrk=</latexit><latexit sha1_base64="U90QestMPs1wVc8kWripED+5RvU=">AAACBnicbVDLSgMxFM34rPVVdSlIsAgVSpmpgroQCm5cuKhgbaEzDHfSTBuayQxJRihDd278FTcuVNz6De78G9PHQlsPXO7hnHtJ7gkSzpS27W9rYXFpeWU1t5Zf39jc2i7s7N6rOJWENkjMY9kKQFHOBG1opjltJZJCFHDaDPpXI7/5QKVisbjTg4R6EXQFCxkBbSS/cOD2QOMb3wWe9ACXJv3SLjvlavnk2C8U7Yo9Bp4nzpQU0RR1v/DldmKSRlRowkGptmMn2stAakY4HebdVNEESB+6tG2ogIgqLxvfMcRHRungMJamhMZj9fdGBpFSgygwkxHonpr1RuJ/XjvV4bmXMZGkmgoyeShMOdYxHoWCO0xSovnAECCSmb9i0gMJRJvo8iYEZ/bkedKoVi4qzu1psWZP08ihfXSISshBZ6iGrlEdNRBBj+gZvaI368l6sd6tj8nogjXd2UN/YH3+AKQnlrk=</latexit>

Hall, Suzuki (1984)

I.H. Lee (1984)

,
L̂0 ⌘ ĤD

<latexit sha1_base64="mj/Enkd9f2U8GixXG+spv1O0h/Q=">AAAB/3icbVDLSsNAFJ34rPUVdeHCzWARXJVEBHVX0EUXLioYW2hCmExv2qGThzOTQgnd+CtuXKi49Tfc+TdO0yy09cCFM+fcy9x7gpQzqSzr21haXlldW69sVDe3tnd2zb39B5lkgoJDE56ITkAkcBaDo5ji0EkFkCjg0A6G11O/PQIhWRLfq3EKXkT6MQsZJUpLvnnoDojCt77lwmPGRrh4Nv0b36xZdasAXiR2SWqoRMs3v9xeQrMIYkU5kbJrW6nyciIUoxwmVTeTkBI6JH3oahqTCKSXFwdM8IlWejhMhK5Y4UL9PZGTSMpxFOjOiKiBnPem4n9eN1PhpZezOM0UxHT2UZhxrBI8TQP3mACq+FgTQgXTu2I6IIJQpTOr6hDs+ZMXiXNWv6rbd+e1hlWmUUFH6BidIhtdoAZqohZyEEUT9Ixe0ZvxZLwY78bHrHXJKGcO0B8Ynz99hpUx</latexit><latexit sha1_base64="mj/Enkd9f2U8GixXG+spv1O0h/Q=">AAAB/3icbVDLSsNAFJ34rPUVdeHCzWARXJVEBHVX0EUXLioYW2hCmExv2qGThzOTQgnd+CtuXKi49Tfc+TdO0yy09cCFM+fcy9x7gpQzqSzr21haXlldW69sVDe3tnd2zb39B5lkgoJDE56ITkAkcBaDo5ji0EkFkCjg0A6G11O/PQIhWRLfq3EKXkT6MQsZJUpLvnnoDojCt77lwmPGRrh4Nv0b36xZdasAXiR2SWqoRMs3v9xeQrMIYkU5kbJrW6nyciIUoxwmVTeTkBI6JH3oahqTCKSXFwdM8IlWejhMhK5Y4UL9PZGTSMpxFOjOiKiBnPem4n9eN1PhpZezOM0UxHT2UZhxrBI8TQP3mACq+FgTQgXTu2I6IIJQpTOr6hDs+ZMXiXNWv6rbd+e1hlWmUUFH6BidIhtdoAZqohZyEEUT9Ixe0ZvxZLwY78bHrHXJKGcO0B8Ynz99hpUx</latexit><latexit sha1_base64="mj/Enkd9f2U8GixXG+spv1O0h/Q=">AAAB/3icbVDLSsNAFJ34rPUVdeHCzWARXJVEBHVX0EUXLioYW2hCmExv2qGThzOTQgnd+CtuXKi49Tfc+TdO0yy09cCFM+fcy9x7gpQzqSzr21haXlldW69sVDe3tnd2zb39B5lkgoJDE56ITkAkcBaDo5ji0EkFkCjg0A6G11O/PQIhWRLfq3EKXkT6MQsZJUpLvnnoDojCt77lwmPGRrh4Nv0b36xZdasAXiR2SWqoRMs3v9xeQrMIYkU5kbJrW6nyciIUoxwmVTeTkBI6JH3oahqTCKSXFwdM8IlWejhMhK5Y4UL9PZGTSMpxFOjOiKiBnPem4n9eN1PhpZezOM0UxHT2UZhxrBI8TQP3mACq+FgTQgXTu2I6IIJQpTOr6hDs+ZMXiXNWv6rbd+e1hlWmUUFH6BidIhtdoAZqohZyEEUT9Ixe0ZvxZLwY78bHrHXJKGcO0B8Ynz99hpUx</latexit><latexit sha1_base64="mj/Enkd9f2U8GixXG+spv1O0h/Q=">AAAB/3icbVDLSsNAFJ34rPUVdeHCzWARXJVEBHVX0EUXLioYW2hCmExv2qGThzOTQgnd+CtuXKi49Tfc+TdO0yy09cCFM+fcy9x7gpQzqSzr21haXlldW69sVDe3tnd2zb39B5lkgoJDE56ITkAkcBaDo5ji0EkFkCjg0A6G11O/PQIhWRLfq3EKXkT6MQsZJUpLvnnoDojCt77lwmPGRrh4Nv0b36xZdasAXiR2SWqoRMs3v9xeQrMIYkU5kbJrW6nyciIUoxwmVTeTkBI6JH3oahqTCKSXFwdM8IlWejhMhK5Y4UL9PZGTSMpxFOjOiKiBnPem4n9eN1PhpZezOM0UxHT2UZhxrBI8TQP3mACq+FgTQgXTu2I6IIJQpTOr6hDs+ZMXiXNWv6rbd+e1hlWmUUFH6BidIhtdoAZqohZyEEUT9Ixe0ZvxZLwY78bHrHXJKGcO0B8Ynz99hpUx</latexit>

with



• LSP decays because of the RPV

and 

Decays of the LSP

�̃0
1 �W± � l⌥i

<latexit sha1_base64="jg0itvRbjJX/0HmtcGMIdCq6x2I=">AAACB3icbVBNS8NAEN34WetX1KMHF4vgpSURQb0VvHisYGyhScNms2mX7ibL7kYooUcv/hUvHlS8+he8+W/ctjlo64OBx3szzMyLBKNKO863tbS8srq2Xtmobm5t7+zae/v3KsslJh7OWCY7EVKE0ZR4mmpGOkISxCNG2tHweuK3H4hUNEvv9EiQgKN+ShOKkTZSaB8VvqYsJtDHAzruOaFbb/d8weus53MR0tCuOQ1nCrhI3JLUQIlWaH/5cYZzTlKNGVKq6zpCBwWSmmJGxlU/V0QgPER90jU0RZyooJg+MoYnRolhkklTqYZT9fdEgbhSIx6ZTo70QM17E/E/r5vr5DIoaCpyTVI8W5TkDOoMTlKBMZUEazYyBGFJza0QD5BEWJvsqiYEd/7lReKdNa4a7u15remUaVTAITgGp8AFF6AJbkALeACDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/Ib6Y6g==</latexit><latexit sha1_base64="jg0itvRbjJX/0HmtcGMIdCq6x2I=">AAACB3icbVBNS8NAEN34WetX1KMHF4vgpSURQb0VvHisYGyhScNms2mX7ibL7kYooUcv/hUvHlS8+he8+W/ctjlo64OBx3szzMyLBKNKO863tbS8srq2Xtmobm5t7+zae/v3KsslJh7OWCY7EVKE0ZR4mmpGOkISxCNG2tHweuK3H4hUNEvv9EiQgKN+ShOKkTZSaB8VvqYsJtDHAzruOaFbb/d8weus53MR0tCuOQ1nCrhI3JLUQIlWaH/5cYZzTlKNGVKq6zpCBwWSmmJGxlU/V0QgPER90jU0RZyooJg+MoYnRolhkklTqYZT9fdEgbhSIx6ZTo70QM17E/E/r5vr5DIoaCpyTVI8W5TkDOoMTlKBMZUEazYyBGFJza0QD5BEWJvsqiYEd/7lReKdNa4a7u15remUaVTAITgGp8AFF6AJbkALeACDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/Ib6Y6g==</latexit><latexit sha1_base64="jg0itvRbjJX/0HmtcGMIdCq6x2I=">AAACB3icbVBNS8NAEN34WetX1KMHF4vgpSURQb0VvHisYGyhScNms2mX7ibL7kYooUcv/hUvHlS8+he8+W/ctjlo64OBx3szzMyLBKNKO863tbS8srq2Xtmobm5t7+zae/v3KsslJh7OWCY7EVKE0ZR4mmpGOkISxCNG2tHweuK3H4hUNEvv9EiQgKN+ShOKkTZSaB8VvqYsJtDHAzruOaFbb/d8weus53MR0tCuOQ1nCrhI3JLUQIlWaH/5cYZzTlKNGVKq6zpCBwWSmmJGxlU/V0QgPER90jU0RZyooJg+MoYnRolhkklTqYZT9fdEgbhSIx6ZTo70QM17E/E/r5vr5DIoaCpyTVI8W5TkDOoMTlKBMZUEazYyBGFJza0QD5BEWJvsqiYEd/7lReKdNa4a7u15remUaVTAITgGp8AFF6AJbkALeACDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/Ib6Y6g==</latexit><latexit sha1_base64="jg0itvRbjJX/0HmtcGMIdCq6x2I=">AAACB3icbVBNS8NAEN34WetX1KMHF4vgpSURQb0VvHisYGyhScNms2mX7ibL7kYooUcv/hUvHlS8+he8+W/ctjlo64OBx3szzMyLBKNKO863tbS8srq2Xtmobm5t7+zae/v3KsslJh7OWCY7EVKE0ZR4mmpGOkISxCNG2tHweuK3H4hUNEvv9EiQgKN+ShOKkTZSaB8VvqYsJtDHAzruOaFbb/d8weus53MR0tCuOQ1nCrhI3JLUQIlWaH/5cYZzTlKNGVKq6zpCBwWSmmJGxlU/V0QgPER90jU0RZyooJg+MoYnRolhkklTqYZT9fdEgbhSIx6ZTo70QM17E/E/r5vr5DIoaCpyTVI8W5TkDOoMTlKBMZUEazYyBGFJza0QD5BEWJvsqiYEd/7lReKdNa4a7u15remUaVTAITgGp8AFF6AJbkALeACDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/Ib6Y6g==</latexit>

possible�̃0
1 � ⌫i � Z

<latexit sha1_base64="xDzhDfCzmaOSSJzbdB2XgdUPRck=">AAACAXicbVBNS8NAEN34WetX1JN4WSyCl5ZEBPVW8OKxgrXFJobNZtsu3WzC7kQooXjxr3jxoOLVf+HNf+O2zUFbHww83pthZl6YCq7Bcb6thcWl5ZXV0lp5fWNza9ve2b3VSaYoa9JEJKodEs0El6wJHARrp4qROBSsFQ4ux37rgSnNE3kDw5T5MelJ3uWUgJECez/3gIuIYY/2+ejeCdyqJ7OAV+8Cu+LUnAnwPHELUkEFGoH95UUJzWImgQqidcd1UvBzooBTwUZlL9MsJXRAeqxjqCQx034+eWGEj4wS4W6iTEnAE/X3RE5irYdxaDpjAn09643F/7xOBt1zP+cyzYBJOl3UzQSGBI/zwBFXjIIYGkKo4uZWTPtEEQomtbIJwZ19eZ40T2oXNff6tFJ3ijRK6AAdomPkojNUR1eogZqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1ifP3x8llY=</latexit><latexit sha1_base64="xDzhDfCzmaOSSJzbdB2XgdUPRck=">AAACAXicbVBNS8NAEN34WetX1JN4WSyCl5ZEBPVW8OKxgrXFJobNZtsu3WzC7kQooXjxr3jxoOLVf+HNf+O2zUFbHww83pthZl6YCq7Bcb6thcWl5ZXV0lp5fWNza9ve2b3VSaYoa9JEJKodEs0El6wJHARrp4qROBSsFQ4ux37rgSnNE3kDw5T5MelJ3uWUgJECez/3gIuIYY/2+ejeCdyqJ7OAV+8Cu+LUnAnwPHELUkEFGoH95UUJzWImgQqidcd1UvBzooBTwUZlL9MsJXRAeqxjqCQx034+eWGEj4wS4W6iTEnAE/X3RE5irYdxaDpjAn09643F/7xOBt1zP+cyzYBJOl3UzQSGBI/zwBFXjIIYGkKo4uZWTPtEEQomtbIJwZ19eZ40T2oXNff6tFJ3ijRK6AAdomPkojNUR1eogZqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1ifP3x8llY=</latexit><latexit sha1_base64="xDzhDfCzmaOSSJzbdB2XgdUPRck=">AAACAXicbVBNS8NAEN34WetX1JN4WSyCl5ZEBPVW8OKxgrXFJobNZtsu3WzC7kQooXjxr3jxoOLVf+HNf+O2zUFbHww83pthZl6YCq7Bcb6thcWl5ZXV0lp5fWNza9ve2b3VSaYoa9JEJKodEs0El6wJHARrp4qROBSsFQ4ux37rgSnNE3kDw5T5MelJ3uWUgJECez/3gIuIYY/2+ejeCdyqJ7OAV+8Cu+LUnAnwPHELUkEFGoH95UUJzWImgQqidcd1UvBzooBTwUZlL9MsJXRAeqxjqCQx034+eWGEj4wS4W6iTEnAE/X3RE5irYdxaDpjAn09643F/7xOBt1zP+cyzYBJOl3UzQSGBI/zwBFXjIIYGkKo4uZWTPtEEQomtbIJwZ19eZ40T2oXNff6tFJ3ijRK6AAdomPkojNUR1eogZqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1ifP3x8llY=</latexit><latexit sha1_base64="xDzhDfCzmaOSSJzbdB2XgdUPRck=">AAACAXicbVBNS8NAEN34WetX1JN4WSyCl5ZEBPVW8OKxgrXFJobNZtsu3WzC7kQooXjxr3jxoOLVf+HNf+O2zUFbHww83pthZl6YCq7Bcb6thcWl5ZXV0lp5fWNza9ve2b3VSaYoa9JEJKodEs0El6wJHARrp4qROBSsFQ4ux37rgSnNE3kDw5T5MelJ3uWUgJECez/3gIuIYY/2+ejeCdyqJ7OAV+8Cu+LUnAnwPHELUkEFGoH95UUJzWImgQqidcd1UvBzooBTwUZlL9MsJXRAeqxjqCQx034+eWGEj4wS4W6iTEnAE/X3RE5irYdxaDpjAn09643F/7xOBt1zP+cyzYBJOl3UzQSGBI/zwBFXjIIYGkKo4uZWTPtEEQomtbIJwZ19eZ40T2oXNff6tFJ3ijRK6AAdomPkojNUR1eogZqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1ifP3x8llY=</latexit>

• Possible decay modes are �̃0
1 ! W± + l⌥

<latexit sha1_base64="CS1IUrFl0cvA+ufId+gBuBatbwg=">AAACFHicbVBNS8NAEN34WeNX1aOXxSIISklEUG8FLx4rGFto2rLZbJqlu0nYnSgl9E948a948aDi1YM3/43bj4O2Phh4vDfDzLwgE1yD43xbC4tLyyurpTV7fWNza7u8s3un01xR5tFUpKoZEM0ET5gHHARrZooRGQjWCPpXI79xz5TmaXILg4y1JeklPOKUgJG65ZPCBy5Chn0a82HH6brY9hXvxUCUSh9wo+NnEh9j0fFl1i1XnKozBp4n7pRU0BT1bvnLD1OaS5YAFUTrlutk0C6IAk4FG9p+rllGaJ/0WMvQhEim28X4qyE+NEqIo1SZSgCP1d8TBZFaD2RgOiWBWM96I/E/r5VDdNEueJLlwBI6WRTlAkOKRxHhkCtGQQwMIVRxcyumMVGEggnSNiG4sy/PE++0ell1b84qNWeaRgntowN0hFx0jmroGtWRhyh6RM/oFb1ZT9aL9W59TFoXrOnMHvoD6/MHEGCdpA==</latexit><latexit sha1_base64="CS1IUrFl0cvA+ufId+gBuBatbwg=">AAACFHicbVBNS8NAEN34WeNX1aOXxSIISklEUG8FLx4rGFto2rLZbJqlu0nYnSgl9E948a948aDi1YM3/43bj4O2Phh4vDfDzLwgE1yD43xbC4tLyyurpTV7fWNza7u8s3un01xR5tFUpKoZEM0ET5gHHARrZooRGQjWCPpXI79xz5TmaXILg4y1JeklPOKUgJG65ZPCBy5Chn0a82HH6brY9hXvxUCUSh9wo+NnEh9j0fFl1i1XnKozBp4n7pRU0BT1bvnLD1OaS5YAFUTrlutk0C6IAk4FG9p+rllGaJ/0WMvQhEim28X4qyE+NEqIo1SZSgCP1d8TBZFaD2RgOiWBWM96I/E/r5VDdNEueJLlwBI6WRTlAkOKRxHhkCtGQQwMIVRxcyumMVGEggnSNiG4sy/PE++0ell1b84qNWeaRgntowN0hFx0jmroGtWRhyh6RM/oFb1ZT9aL9W59TFoXrOnMHvoD6/MHEGCdpA==</latexit><latexit sha1_base64="CS1IUrFl0cvA+ufId+gBuBatbwg=">AAACFHicbVBNS8NAEN34WeNX1aOXxSIISklEUG8FLx4rGFto2rLZbJqlu0nYnSgl9E948a948aDi1YM3/43bj4O2Phh4vDfDzLwgE1yD43xbC4tLyyurpTV7fWNza7u8s3un01xR5tFUpKoZEM0ET5gHHARrZooRGQjWCPpXI79xz5TmaXILg4y1JeklPOKUgJG65ZPCBy5Chn0a82HH6brY9hXvxUCUSh9wo+NnEh9j0fFl1i1XnKozBp4n7pRU0BT1bvnLD1OaS5YAFUTrlutk0C6IAk4FG9p+rllGaJ/0WMvQhEim28X4qyE+NEqIo1SZSgCP1d8TBZFaD2RgOiWBWM96I/E/r5VDdNEueJLlwBI6WRTlAkOKRxHhkCtGQQwMIVRxcyumMVGEggnSNiG4sy/PE++0ell1b84qNWeaRgntowN0hFx0jmroGtWRhyh6RM/oFb1ZT9aL9W59TFoXrOnMHvoD6/MHEGCdpA==</latexit><latexit sha1_base64="CS1IUrFl0cvA+ufId+gBuBatbwg=">AAACFHicbVBNS8NAEN34WeNX1aOXxSIISklEUG8FLx4rGFto2rLZbJqlu0nYnSgl9E948a948aDi1YM3/43bj4O2Phh4vDfDzLwgE1yD43xbC4tLyyurpTV7fWNza7u8s3un01xR5tFUpKoZEM0ET5gHHARrZooRGQjWCPpXI79xz5TmaXILg4y1JeklPOKUgJG65ZPCBy5Chn0a82HH6brY9hXvxUCUSh9wo+NnEh9j0fFl1i1XnKozBp4n7pRU0BT1bvnLD1OaS5YAFUTrlutk0C6IAk4FG9p+rllGaJ/0WMvQhEim28X4qyE+NEqIo1SZSgCP1d8TBZFaD2RgOiWBWM96I/E/r5VDdNEueJLlwBI6WRTlAkOKRxHhkCtGQQwMIVRxcyumMVGEggnSNiG4sy/PE++0ell1b84qNWeaRgntowN0hFx0jmroGtWRhyh6RM/oFb1ZT9aL9W59TFoXrOnMHvoD6/MHEGCdpA==</latexit>

�̃0
1 ! Z + ⌫i

<latexit sha1_base64="FleFVkScz3r/g/dblj2Twa0RMvE=">AAACD3icbVA9SwNBEN3zM8avqKXNYhAFIdyJoHYBG8sIxgRz8djb7OWW7O0eu3NKOPITbPwrNhYqtrZ2/hs3H4UmPhh4vDfDzLwwFdyA6347c/MLi0vLhZXi6tr6xmZpa/vGqExTVqdKKN0MiWGCS1YHDoI1U81IEgrWCHsXQ79xz7ThSl5DP2XthHQljzglYKWgdJD7wEWHYZ/GfHDnBh72Ne/GQLRWD/gWH2FfZgEPSmW34o6AZ4k3IWU0QS0offkdRbOESaCCGNPy3BTaOdHAqWCDop8ZlhLaI13WslSShJl2PnpogPet0sGR0rYk4JH6eyIniTH9JLSdCYHYTHtD8T+vlUF01s65TDNgko4XRZnAoPAwHdzhmlEQfUsI1dzeimlMNKFgMyzaELzpl2dJ/bhyXvGuTspVd5JGAe2iPXSIPHSKqugS1VAdUfSIntErenOenBfn3fkYt845k5kd9AfO5w+l4JvY</latexit><latexit sha1_base64="FleFVkScz3r/g/dblj2Twa0RMvE=">AAACD3icbVA9SwNBEN3zM8avqKXNYhAFIdyJoHYBG8sIxgRz8djb7OWW7O0eu3NKOPITbPwrNhYqtrZ2/hs3H4UmPhh4vDfDzLwwFdyA6347c/MLi0vLhZXi6tr6xmZpa/vGqExTVqdKKN0MiWGCS1YHDoI1U81IEgrWCHsXQ79xz7ThSl5DP2XthHQljzglYKWgdJD7wEWHYZ/GfHDnBh72Ne/GQLRWD/gWH2FfZgEPSmW34o6AZ4k3IWU0QS0offkdRbOESaCCGNPy3BTaOdHAqWCDop8ZlhLaI13WslSShJl2PnpogPet0sGR0rYk4JH6eyIniTH9JLSdCYHYTHtD8T+vlUF01s65TDNgko4XRZnAoPAwHdzhmlEQfUsI1dzeimlMNKFgMyzaELzpl2dJ/bhyXvGuTspVd5JGAe2iPXSIPHSKqugS1VAdUfSIntErenOenBfn3fkYt845k5kd9AfO5w+l4JvY</latexit><latexit sha1_base64="FleFVkScz3r/g/dblj2Twa0RMvE=">AAACD3icbVA9SwNBEN3zM8avqKXNYhAFIdyJoHYBG8sIxgRz8djb7OWW7O0eu3NKOPITbPwrNhYqtrZ2/hs3H4UmPhh4vDfDzLwwFdyA6347c/MLi0vLhZXi6tr6xmZpa/vGqExTVqdKKN0MiWGCS1YHDoI1U81IEgrWCHsXQ79xz7ThSl5DP2XthHQljzglYKWgdJD7wEWHYZ/GfHDnBh72Ne/GQLRWD/gWH2FfZgEPSmW34o6AZ4k3IWU0QS0offkdRbOESaCCGNPy3BTaOdHAqWCDop8ZlhLaI13WslSShJl2PnpogPet0sGR0rYk4JH6eyIniTH9JLSdCYHYTHtD8T+vlUF01s65TDNgko4XRZnAoPAwHdzhmlEQfUsI1dzeimlMNKFgMyzaELzpl2dJ/bhyXvGuTspVd5JGAe2iPXSIPHSKqugS1VAdUfSIntErenOenBfn3fkYt845k5kd9AfO5w+l4JvY</latexit><latexit sha1_base64="FleFVkScz3r/g/dblj2Twa0RMvE=">AAACD3icbVA9SwNBEN3zM8avqKXNYhAFIdyJoHYBG8sIxgRz8djb7OWW7O0eu3NKOPITbPwrNhYqtrZ2/hs3H4UmPhh4vDfDzLwwFdyA6347c/MLi0vLhZXi6tr6xmZpa/vGqExTVqdKKN0MiWGCS1YHDoI1U81IEgrWCHsXQ79xz7ThSl5DP2XthHQljzglYKWgdJD7wEWHYZ/GfHDnBh72Ne/GQLRWD/gWH2FfZgEPSmW34o6AZ4k3IWU0QS0offkdRbOESaCCGNPy3BTaOdHAqWCDop8ZlhLaI13WslSShJl2PnpogPet0sGR0rYk4JH6eyIniTH9JLSdCYHYTHtD8T+vlUF01s65TDNgko4XRZnAoPAwHdzhmlEQfUsI1dzeimlMNKFgMyzaELzpl2dJ/bhyXvGuTspVd5JGAe2iPXSIPHSKqugS1VAdUfSIntErenOenBfn3fkYt845k5kd9AfO5w+l4JvY</latexit>

and

• One can find various correlations of these decay 
branching ratios with the neutrino data

• Measurable decay length of the LSP is another  
important consequence 

Mukhopadhyaya, Roy, Vissani (1998) 
Choi, Chun, Kang, Lee (1999) 
Romao, Diaz, Hirsch, Porod, Valle (2000) 
Porod, Hirsch, Romao, Valle (2001)
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FIG. 1: χ̃0
1 decay length versus m0 for A0 = −100 GeV, tan β = 10, µ > 0, and several values of m1/2. The

widths of the three shaded (colored) bands around m1/2 = 300, 500, 800 GeV correspond to the variation of the

BRpV parameters in such a way that the neutrino masses and mixing angles fit the required values [39] within

3σ.

– χ̃0
1 → νℓ+ℓ− with ℓ = e, µ denoted by ℓℓ;

– χ̃0
1 → ντ+τ−, called ττ ;

– χ̃0
1 → τνℓ, called τℓ.

• semi-leptonic decays:

– χ̃0
1 → νqq̄ denoted jj;

– χ̃0
1 → τq′q̄, called τjj;

– χ̃0
1 → ℓq′q̄, called ℓjj;

– χ̃0
1 → νbb̄, that we denote by bb;

– χ̃0
1 → νbb̄, that we denote by bb;

• invisible decays: χ̃0
1 → ννν.

We should mention that many intermediate states contribute to the above decays, like gauge bosons

or scalars. Depending on the spectrum, some of these final states can be dominated by 2–body decays.

For instance, the decay χ̃0
1 → νℓ+ℓ− can be dominated by the 2–body χ̃0

1 → νZ followed by Z → ℓ+ℓ−.

Another example is the 2–body mode χ̃0
1 → νh with h → bb̄. Consequently we single out the 2–body

decays when presenting our results.

Figure 2 presents separately neutralino branching ratios into two-body and three-body decay final

states as a function of m0 for A0 = −100 GeV, tanβ = 10 and µ > 0. The top panels correspond to a

fixed value of m1/2 = 400 GeV, and the bottom one correspond to m1/2 =800 GeV. In the left panels we

give branching ratio predictions for optimized ϵi and Λi BRpV parameter values that reproduce the best

neutrino oscillation parameters [39].

Decays of the LSP

F. de Campos et al (2008)



Decays of the LSP

• Neutrino masses and mixing as well as the LSP decay 
 properties are determined by the same interactions

• Connection between the high energy LSP physics at the 
LHC and the neutrino oscillation physics 

• For instance, the ratio between the charged current 
decays

Br(�̃0
1 ! W±µ⌥)

Br(�̃0
1 ! W±⌧⌥)

⇠ tan2 ✓23
<latexit sha1_base64="dbTGz2x0kA+uEz6xsKDU8binjng="></latexit><latexit sha1_base64="dbTGz2x0kA+uEz6xsKDU8binjng="></latexit><latexit sha1_base64="dbTGz2x0kA+uEz6xsKDU8binjng="></latexit><latexit sha1_base64="dbTGz2x0kA+uEz6xsKDU8binjng="></latexit>

Various collider studies (Multileptons, OSD, SSD)

Datta, Mukhopadhyaya, Vissani (2000) 
F. de Campos et al (2008) 
F. de Campos et al, 1206.3605
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Figure 2: Correlating LSP decay properties with neutrino oscillation parameters. The left panel shows the connection between

the displayed LSP decay length parameter and the atmospheric squared mass scale ∆m2
32. The right panel depicts the relation

between Br(χ̃0
1 → W±µ∓)/Br(χ̃0

1 → W±τ∓) and the atmospheric mixing angle. The vertical shaded bands indicate the 2σ

allowed values of the corresponding neutrino oscillation parameters [39].

Another interesting interconnection between LSP properties and neutrino properties is the direct relation between

neutrino mass squared difference ∆m2
32 and the ratio

R32 =
L0

Br(χ̃0
1 → W ℓ+ Zν)

(5)

as is illustrated in left panel of figure 2. Here L0 is the LSP decay length and one has to sum over all leptons and

neutrinos in the final states. One can understand this relation in the following way. In the BRPV model the tree-level

neutrino mass is proportional to mTree
ν ∝ |Λ|2, where |Λ|2 =

∑
i Λ

2
i , with Λi = ϵvd + µvi, is the so-called alignment

vector. Couplings between the gauginos and gauge bosons plus leptons/neutrinos are proportional to Λi as well [33].

Thus, one expects that after summing over the lepton generations the partial width of the neutralino into gauge

bosons is also proportional to |Λ|2. The decay length is the inverse width and dividing by the branching ratio into

gauge boson final states picks out the partial width of the neutralino into gauge bosons. This leads to the correlation

of R32 with the atmospheric neutrino mass scale, since mAtm is identified mostly with mTree
ν , apart from some minor

1-loop corrections.

III. ANALYSES FRAMEWORK AND BASIC CUTS

Our analyzes aim to study the LHC potential to probe the LSP properties exploring its detached vertex signature.

We simulated the SUSY particle production using PYTHIA version 6.408 [40, 41] where all the properties of our

BRPV-mSUGRA model were included using the SLHA format [42]. The relevant masses, mixings, branching ratios,

and decay lengths were generated using the SPHENO code [43, 44].

In our studies we used a toy calorimeter roughly inspired by the actual LHC detectors. We assumed that the

calorimeter coverage is |η| < 5 and that its segmentation is ∆η ⊗∆ϕ = 0.10× 0.098. The calorimeter resolution was

included by smearing the jet energies with an error

∆E

E
=

0.50√
E

⊕ 0.03 .

Jets were reconstructed using the cone algorithm in the subroutine PYCELL with ∆R = 0.4 and jet seed with a

minimum transverse energy Ecell
T,min = 2 GeV.

LSP decays and the atmospheric angle
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Neutrino masses
We shall work in a basis spanned by L̂↵
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such that
vm = 0 and v0 = vd
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Neutralino neutrino mixing

In the basis { eB,fW 3, eHU , ⌫�}
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FIG. 1: Tree level neutrino mass in the mass insertion approximation. A blob represents mixing

between the neutrino and the up-type Higgsino. The cross on the neutralino propagator signifies

a Majorana mass term for the neutralino.

Note that due to the small RPV admixture with the charged Higgsinos, (mℓ)nm is not

precisely the charged lepton mass matrix [11]. This small effect is not important for our

analysis.

In the literature one often finds other basis choices. The most common is the one where

µ0 = µ and µm = 0. Of course, the results for physical observables are independent of the

basis choice. (For basis independent parameterizations of R-parity violation see [9, 15, 16,

17].)

III. NEUTRINO MASSES

The neutrino mass matrix receives contributions both at the tree level and from loops.

In the following we review the various kinds of contributions and identify the leading factors

that govern their magnitudes.

A. Tree level (µµ) masses

At tree level the neutrino mass matrix receives contributions from RPV mixing between

the neutrinos and the neutralinos, see Fig. 1. The masses are calculated from the neutral

fermion (neutralinos and neutrinos) mass matrix. We work perturbatively, and thus at

leading order we do not distinguish between µ and µ0. Then, the tree level neutral fermion

mass matrix, with rows and columns corresponding to {B̃, W̃ 3, H̃U , νβ}, is given by [7, 18,

19]:

⎛

⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

M1 0 mZsW vu/v −mZsW vd/v 0 0 0

0 M2 −mZcW vu/v mZcWvd/v 0 0 0

mZsW vu/v −mZcWvu/v 0 µ µ1 µ2 µ3

−mZsW vd/v mZcW vd/v µ 0 0 0 0

0 0 µ1 0 0 0 0

0 0 µ2 0 0 0 0

0 0 µ3 0 0 0 0

⎞

⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

(3.1)
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λ′

ilk
λ′

jkl

d̃kR

dlL

d̃kL

dlRνi νj×

•

FIG. 2: Trilinear loop contribution to the neutrino mass matrix. The blob on the scalar line

indicates mixing between the left-handed and the right-handed squarks. A mass insertion on the

internal quark propagator is denoted by the cross.

where M1 is the Bino mass, M2 is the Wino mass, cW ≡ cos θW and sW ≡ sin θW . Integrating

out the four neutralinos we get the neutrino mass matrix

[mν ]
(µµ)
ij = XT µiµj , (3.2)

where

XT =
m2

Zmγ̃ cos2 β

µ(m2
Zmγ̃ sin 2β − M1M2µ)

∼
cos2 β

m̃
, (3.3)

such that mγ̃ ≡ c2
WM1 + s2

WM2 and in the last step we assume that all the relevant masses

are at the electroweak (or supersymmetry breaking) scale, m̃. The tree level neutrino masses

are the eigenvalues of [mν ]
(µµ)
ij

m(T )
3 = XT (µ2

1 + µ2
2 + µ2

3) , m(T )
1 = m(T )

2 = 0 . (3.4)

Here, and in what follows, we use m3 ≥ m2 ≥ m1.

We see that at the tree level only one neutrino is massive. Its mass is proportional to the

RPV parameter
∑

µ2
i and to cos2 β. For large tan β the latter is a suppression factor. As

we discuss later, this suppression factor can be important.

B. Trilinear (λ′λ′ and λλ) loops

The neutrino mass matrix receives contributions from loops that are proportional to

trilinear RPV couplings, see Fig. 2. These kinds of loops received much attention in the

literature. Here we only present approximated expressions which are sufficient for our study.

Full results can be found, for example, in [7].

Neglecting quark flavor mixing, the contribution of the λ′λ′ loops is proportional to the

internal fermion mass and to the mixing between left and right sfermions. Explicitly,

[mν ]
(λ′λ′)
ij ≈

∑

l,k

3

8π2
λ′

ilk λ′
jkl

mdl
∆m2

d̃k

m2
d̃k

∼
∑

l,k

3

8π2
λ′

ilkλ
′
jkl

mdl
mdk

m̃
, (3.5)

where md̃k
is the average kth sfermion mass, ∆m2

d̃k
is the squared mass splitting between

the two kth sfermions, and in the last step we used ∆m2
d̃k

≈ mdk
m̃ and md̃k

∼ m̃. There are

5

Tree level (µµ)
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masses

Tree level neutrino masses are eigenvalues of  [m⌫ ]
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at the tree level only one neutrino is massive. Its mass

is proportional to RPV parameter 
X

µ2
i
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FIG. 2: Trilinear loop contribution to the neutrino mass matrix. The blob on the scalar line

indicates mixing between the left-handed and the right-handed squarks. A mass insertion on the

internal quark propagator is denoted by the cross.

where M1 is the Bino mass, M2 is the Wino mass, cW ≡ cos θW and sW ≡ sin θW . Integrating

out the four neutralinos we get the neutrino mass matrix

[mν ]
(µµ)
ij = XT µiµj , (3.2)

where

XT =
m2

Zmγ̃ cos2 β

µ(m2
Zmγ̃ sin 2β − M1M2µ)

∼
cos2 β

m̃
, (3.3)

such that mγ̃ ≡ c2
WM1 + s2

WM2 and in the last step we assume that all the relevant masses

are at the electroweak (or supersymmetry breaking) scale, m̃. The tree level neutrino masses

are the eigenvalues of [mν ]
(µµ)
ij

m(T )
3 = XT (µ2

1 + µ2
2 + µ2

3) , m(T )
1 = m(T )

2 = 0 . (3.4)

Here, and in what follows, we use m3 ≥ m2 ≥ m1.

We see that at the tree level only one neutrino is massive. Its mass is proportional to the

RPV parameter
∑

µ2
i and to cos2 β. For large tan β the latter is a suppression factor. As

we discuss later, this suppression factor can be important.

B. Trilinear (λ′λ′ and λλ) loops

The neutrino mass matrix receives contributions from loops that are proportional to

trilinear RPV couplings, see Fig. 2. These kinds of loops received much attention in the

literature. Here we only present approximated expressions which are sufficient for our study.

Full results can be found, for example, in [7].

Neglecting quark flavor mixing, the contribution of the λ′λ′ loops is proportional to the

internal fermion mass and to the mixing between left and right sfermions. Explicitly,

[mν ]
(λ′λ′)
ij ≈

∑

l,k

3

8π2
λ′

ilk λ′
jkl

mdl
∆m2

d̃k

m2
d̃k

∼
∑

l,k

3

8π2
λ′

ilkλ
′
jkl

mdl
mdk

m̃
, (3.5)

where md̃k
is the average kth sfermion mass, ∆m2

d̃k
is the squared mass splitting between

the two kth sfermions, and in the last step we used ∆m2
d̃k

≈ mdk
m̃ and md̃k

∼ m̃. There are

5

Trilinear (�0�0 and ��)
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loops
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• Trilinear loop generated masses are suppressed
by the RPV couplings

• By a loop factor
• By two down type quark (charged lepton) masses

�02[�2]
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Bilinear (BB)
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FIG. 3: The BB loop-generated neutrino mass. Here the blobs denote mixing of the sneutrinos

with the neutral Higgs bosons. The cross on the internal neutralino propagator denotes a Majorana

mass for the neutralino.

similar contributions from loops with intermediate charged leptons where λ′ is replaced by

λ and there is no color factor in the numerator.

We see that the trilinear loop-generated masses are suppressed by the RPV couplings

λ′2 [λ2], by a loop factor, and by two down-type quark [charged lepton] masses. The latter

factor, which is absent in other types of loops, make the trilinear contribution irrelevant in

most cases.

C. Bilinear (BB) loop induced masses

Neutrinos acquire masses from loops that are proportional to bilinear RPV couplings.

Here we discuss the contributions that are proportional to two insertions of RPV Bi param-

eters, see Fig. 3. We also refer to the masses induced by these diagrams as the sneutrino

splitting induced masses. The reason is that the two B insertions in the scalar line also

generate splitting between the two sneutrino mass eigenstates. The contribution of the BB

loop diagram is related to this sneutrino mass splitting [5, 9]. In particular, if the sneutrino

splitting vanishes the neutrino is massless.

The one-loop contribution to the neutrino mass matrix from the BB loop is given by [9]

[mν ]
(BB)
ij =

∑

α,i,j

g2BiBj

4 cos2 β
(Zα2 − Zα1g

′/g)2mχα

{
I4(mh, mν̃i

, mν̃j
, mχα) cos2(α − β)

+I4(mH , mν̃i
, mν̃j

, mχα) sin2(α − β) − I4(mA, mν̃i
, mν̃j

, mχα)
}

, (3.6)

where Zαβ is the neutralino mixing matrix with α, β = 1, .., 4 and

I4(m1, m2, m3, m4) =
1

m2
1 − m2

2

[I3(m1, m3, m4) − I3(m2, m3, m4)] ,

I3(m1, m2, m3) =
1

m2
1 − m2

2

[I2(m1, m3) − I2(m2, m3)] ,

I2(m1, m2) = −
1

16π2

m2
1

m2
1 − m2

2

ln
m2

1

m2
2

. (3.7)

Assuming that all the masses in the RHS of Eq. (3.6) are of the order of the weak scale, we
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• Two insertions of RPV Bi
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parameters

Assuming that all masses are of the order weak scale 

• sneutrino splitting induced masses

[m⌫ ]
(BB)
ij ⇠ g2

64⇡2
cos

2 �

BiBj

m̃3
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In general B↵
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• In general one neutrino mass eigenstate acquires
mass at tree level and the other from bilinear loops



• SUSY is still perhaps the most popular extension for physics beyond 
the SM 

• A very interesting question is to understand ``How does the SM find 
about about SUSY breaking”. 

• Sparticle spectrum, nature of LSP, phenomenology depend on this. 

• Massive neutrinos suggests physics beyond the SM 

• Various options - SUSY seesaw, MSSM with RPV 

• Decays of LSP can show some correlations with neutrino data 

• Signals of sneutrino oscillation. 

• LHC data will restrict large portion of the parameter space

Conclusions


