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Supersymmetry intro
• Supersymmetry (SUSY) extends the Standard Model (SM) to include a 

fermion-boson symmetry. 

• Superpartners to the electroweak bosons mix with higgsinos, result in six mass 
eigenstates: neutralinos and charginos. 

• Well motivated: Radiative corrections suppressed (solution to the hierarchy 
problem w/o fine-tuning), a means for gauge coupling unification, neutralino is 
excellent dark matter candidate.
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rotation transforms SM vector boson into 
‘gaugino’, e.g. gluon to gluino

rotation transforms SM fermion into 
‘sparticle’, e.g. top quark to ‘stop’

• Not a perfect symmetry, mass degeneracy between SM & SUSY broken, 
additional Higgs bosons & their superpartners.
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Four neutralinos, 

ordered in decreasing mass
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Two charginos, 

ordered in decreasing mass

mailto:rcarney@slac.stanford.edu
mailto:rcarney@slac.stanford.edu


rcarney@slac.
stanford.edu

24th Oct

2019

• Minimal Supersymmetric Standard Model (MSSM) superpotential conserves 
baryon & lepton number. Can describe in terms of R-parity:

�3

R-parity violation

Rp = (�1)3B+L+2S
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• SM particles have Rp = 1, SUSY particles Rp = -1 

• The R-parity violating (RPV) addition to MSSM superpotential defined as: 

• Many searches for new physics assume that R-parity Conserved (RPC), which is 
a special case of the more generic RPV SUSY.
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B = baryon number 
L = lepton number 
S = spin 

Lepton number violating terms

Baryon number violating term

not covered 
in this talk
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RPV couplings & proton decay

• Terms* in the RPV superpotential introduce additional interaction vertices with 
associated coupling constants, e.g. :

• Rapid proton decay requires both lepton and baryon numbers violation. So either 
baryon violating or lepton violating terms can have non-zero coupling strengths, but 
not both. 

*not including bilinear LH coupling in this presentation
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<latexit sha1_base64="/trjkXFfMBd0HyoxPyg0TYW1vW8=">AAACE3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBF0W3bisYh/QhDCZTNuhM5MwMxFKzGf4A271D9yJWz/AH/A7nLRZaOuBC4dz7uUeTpgwqrTjfFlLyyura+uVjerm1vbOrr2331FxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HF8XfveBSEVjca8nCfE5Ggo6oBhpIwX2Yd0LkcyiPPA40iPJs7v8NBgHds1pOFPAReKWpAZKtAL724tinHIiNGZIqb7rJNrPkNQUM5JXvVSRBOExGpK+oQJxovxsmj+HJ0aJ4CCWZoSGU/X3RYa4UhMems0ipJr3CvFfDyOBCZv7rgeXfkZFkmoi8Oz5IGVQx7AoCEZUEqzZxBCEJTX5IR4hibA2NVZNMe58DYukc9ZwnYZ7e15rXpUVVcAROAZ14IIL0AQ3oAXaAINH8AxewKv1ZL1Z79bHbHXJKm8OwB9Ynz/P8Z5y</latexit><latexit sha1_base64="/trjkXFfMBd0HyoxPyg0TYW1vW8=">AAACE3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBF0W3bisYh/QhDCZTNuhM5MwMxFKzGf4A271D9yJWz/AH/A7nLRZaOuBC4dz7uUeTpgwqrTjfFlLyyura+uVjerm1vbOrr2331FxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HF8XfveBSEVjca8nCfE5Ggo6oBhpIwX2Yd0LkcyiPPA40iPJs7v8NBgHds1pOFPAReKWpAZKtAL724tinHIiNGZIqb7rJNrPkNQUM5JXvVSRBOExGpK+oQJxovxsmj+HJ0aJ4CCWZoSGU/X3RYa4UhMems0ipJr3CvFfDyOBCZv7rgeXfkZFkmoi8Oz5IGVQx7AoCEZUEqzZxBCEJTX5IR4hibA2NVZNMe58DYukc9ZwnYZ7e15rXpUVVcAROAZ14IIL0AQ3oAXaAINH8AxewKv1ZL1Z79bHbHXJKm8OwB9Ynz/P8Z5y</latexit><latexit sha1_base64="/trjkXFfMBd0HyoxPyg0TYW1vW8=">AAACE3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBF0W3bisYh/QhDCZTNuhM5MwMxFKzGf4A271D9yJWz/AH/A7nLRZaOuBC4dz7uUeTpgwqrTjfFlLyyura+uVjerm1vbOrr2331FxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HF8XfveBSEVjca8nCfE5Ggo6oBhpIwX2Yd0LkcyiPPA40iPJs7v8NBgHds1pOFPAReKWpAZKtAL724tinHIiNGZIqb7rJNrPkNQUM5JXvVSRBOExGpK+oQJxovxsmj+HJ0aJ4CCWZoSGU/X3RYa4UhMems0ipJr3CvFfDyOBCZv7rgeXfkZFkmoi8Oz5IGVQx7AoCEZUEqzZxBCEJTX5IR4hibA2NVZNMe58DYukc9ZwnYZ7e15rXpUVVcAROAZ14IIL0AQ3oAXaAINH8AxewKv1ZL1Z79bHbHXJKm8OwB9Ynz/P8Z5y</latexit><latexit sha1_base64="/trjkXFfMBd0HyoxPyg0TYW1vW8=">AAACE3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBF0W3bisYh/QhDCZTNuhM5MwMxFKzGf4A271D9yJWz/AH/A7nLRZaOuBC4dz7uUeTpgwqrTjfFlLyyura+uVjerm1vbOrr2331FxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HF8XfveBSEVjca8nCfE5Ggo6oBhpIwX2Yd0LkcyiPPA40iPJs7v8NBgHds1pOFPAReKWpAZKtAL724tinHIiNGZIqb7rJNrPkNQUM5JXvVSRBOExGpK+oQJxovxsmj+HJ0aJ4CCWZoSGU/X3RYa4UhMems0ipJr3CvFfDyOBCZv7rgeXfkZFkmoi8Oz5IGVQx7AoCEZUEqzZxBCEJTX5IR4hibA2NVZNMe58DYukc9ZwnYZ7e15rXpUVVcAROAZ14IIL0AQ3oAXaAINH8AxewKv1ZL1Z79bHbHXJKm8OwB9Ynz/P8Z5y</latexit>

(d̃⇤k/ũ
⇤
i )R

<latexit sha1_base64="jy+1zJilepmSEDYPEh8qRIMGfZU="></latexit><latexit sha1_base64="jy+1zJilepmSEDYPEh8qRIMGfZU="></latexit><latexit sha1_base64="jy+1zJilepmSEDYPEh8qRIMGfZU="></latexit><latexit sha1_base64="jy+1zJilepmSEDYPEh8qRIMGfZU="></latexit>

(dj/dk)R
<latexit sha1_base64="ltHNuL9bQ3kop81foSRUdFgF6Cs=">AAACF3icbVDLSsNAFJ3UV62vqDvdDBahbmoigi6LblxWsQ+wIUwmk3bszCTMTIQSAv6GP+BW/8CduHXpD/gdTtoutPXAhcM593LvPUHCqNKO82WVFhaXllfKq5W19Y3NLXt7p63iVGLSwjGLZTdAijAqSEtTzUg3kQTxgJFOMLws/M4DkYrG4laPEuJx1Bc0ohhpI/n2Xi0Lcz+7z49DPxvmR36PIz2QPLvJfbvq1J0x4Dxxp6QKpmj69ncvjHHKidCYIaXuXCfRXoakppiRvNJLFUkQHqI+uTNUIE6Ul41/yOGhUUIYxdKU0HCs/p7IEFdqxAPTWVyoZr1C/NfDSGDCZrbr6NzLqEhSTQSeLI9SBnUMi5BgSCXBmo0MQVhScz/EAyQR1ibKignGnY1hnrRP6q5Td69Pq42LaURlsA8OQA244Aw0wBVoghbA4BE8gxfwaj1Zb9a79TFpLVnTmV3wB9bnD0xXoFU=</latexit><latexit sha1_base64="ltHNuL9bQ3kop81foSRUdFgF6Cs=">AAACF3icbVDLSsNAFJ3UV62vqDvdDBahbmoigi6LblxWsQ+wIUwmk3bszCTMTIQSAv6GP+BW/8CduHXpD/gdTtoutPXAhcM593LvPUHCqNKO82WVFhaXllfKq5W19Y3NLXt7p63iVGLSwjGLZTdAijAqSEtTzUg3kQTxgJFOMLws/M4DkYrG4laPEuJx1Bc0ohhpI/n2Xi0Lcz+7z49DPxvmR36PIz2QPLvJfbvq1J0x4Dxxp6QKpmj69ncvjHHKidCYIaXuXCfRXoakppiRvNJLFUkQHqI+uTNUIE6Ul41/yOGhUUIYxdKU0HCs/p7IEFdqxAPTWVyoZr1C/NfDSGDCZrbr6NzLqEhSTQSeLI9SBnUMi5BgSCXBmo0MQVhScz/EAyQR1ibKignGnY1hnrRP6q5Td69Pq42LaURlsA8OQA244Aw0wBVoghbA4BE8gxfwaj1Zb9a79TFpLVnTmV3wB9bnD0xXoFU=</latexit><latexit sha1_base64="ltHNuL9bQ3kop81foSRUdFgF6Cs=">AAACF3icbVDLSsNAFJ3UV62vqDvdDBahbmoigi6LblxWsQ+wIUwmk3bszCTMTIQSAv6GP+BW/8CduHXpD/gdTtoutPXAhcM593LvPUHCqNKO82WVFhaXllfKq5W19Y3NLXt7p63iVGLSwjGLZTdAijAqSEtTzUg3kQTxgJFOMLws/M4DkYrG4laPEuJx1Bc0ohhpI/n2Xi0Lcz+7z49DPxvmR36PIz2QPLvJfbvq1J0x4Dxxp6QKpmj69ncvjHHKidCYIaXuXCfRXoakppiRvNJLFUkQHqI+uTNUIE6Ul41/yOGhUUIYxdKU0HCs/p7IEFdqxAPTWVyoZr1C/NfDSGDCZrbr6NzLqEhSTQSeLI9SBnUMi5BgSCXBmo0MQVhScz/EAyQR1ibKignGnY1hnrRP6q5Td69Pq42LaURlsA8OQA244Aw0wBVoghbA4BE8gxfwaj1Zb9a79TFpLVnTmV3wB9bnD0xXoFU=</latexit><latexit sha1_base64="ltHNuL9bQ3kop81foSRUdFgF6Cs=">AAACF3icbVDLSsNAFJ3UV62vqDvdDBahbmoigi6LblxWsQ+wIUwmk3bszCTMTIQSAv6GP+BW/8CduHXpD/gdTtoutPXAhcM593LvPUHCqNKO82WVFhaXllfKq5W19Y3NLXt7p63iVGLSwjGLZTdAijAqSEtTzUg3kQTxgJFOMLws/M4DkYrG4laPEuJx1Bc0ohhpI/n2Xi0Lcz+7z49DPxvmR36PIz2QPLvJfbvq1J0x4Dxxp6QKpmj69ncvjHHKidCYIaXuXCfRXoakppiRvNJLFUkQHqI+uTNUIE6Ul41/yOGhUUIYxdKU0HCs/p7IEFdqxAPTWVyoZr1C/NfDSGDCZrbr6NzLqEhSTQSeLI9SBnUMi5BgSCXBmo0MQVhScz/EAyQR1ibKignGnY1hnrRP6q5Td69Pq42LaURlsA8OQA244Aw0wBVoghbA4BE8gxfwaj1Zb9a79TFpLVnTmV3wB9bnD0xXoFU=</latexit>

(ui/dj)R
<latexit sha1_base64="irV7/qEwXRCqZumkY4QBEBGzs9A=">AAACF3icbVDLSsNAFJ3UV62vqDvdDBahbmoigi6LblxWsQ+wIUwmk3bszCTMTIQSAv6GP+BW/8CduHXpD/gdTtoutPXAhcM593LvPUHCqNKO82WVFhaXllfKq5W19Y3NLXt7p63iVGLSwjGLZTdAijAqSEtTzUg3kQTxgJFOMLws/M4DkYrG4laPEuJx1Bc0ohhpI/n2Xi1Lcz+j+XHoZ/f5kd/jSA8kz25y3646dWcMOE/cKamCKZq+/d0LY5xyIjRmSKk710m0lyGpKWYkr/RSRRKEh6hP7gwViBPlZeMfcnholBBGsTQlNByrvycyxJUa8cB0FheqWa8Q//UwEpiwme06OvcyKpJUE4Eny6OUQR3DIiQYUkmwZiNDEJbU3A/xAEmEtYmyYoJxZ2OYJ+2TuuvU3evTauNiGlEZ7IMDUAMuOAMNcAWaoAUweATP4AW8Wk/Wm/VufUxaS9Z0Zhf8gfX5A2WmoGQ=</latexit><latexit sha1_base64="irV7/qEwXRCqZumkY4QBEBGzs9A=">AAACF3icbVDLSsNAFJ3UV62vqDvdDBahbmoigi6LblxWsQ+wIUwmk3bszCTMTIQSAv6GP+BW/8CduHXpD/gdTtoutPXAhcM593LvPUHCqNKO82WVFhaXllfKq5W19Y3NLXt7p63iVGLSwjGLZTdAijAqSEtTzUg3kQTxgJFOMLws/M4DkYrG4laPEuJx1Bc0ohhpI/n2Xi1Lcz+j+XHoZ/f5kd/jSA8kz25y3646dWcMOE/cKamCKZq+/d0LY5xyIjRmSKk710m0lyGpKWYkr/RSRRKEh6hP7gwViBPlZeMfcnholBBGsTQlNByrvycyxJUa8cB0FheqWa8Q//UwEpiwme06OvcyKpJUE4Eny6OUQR3DIiQYUkmwZiNDEJbU3A/xAEmEtYmyYoJxZ2OYJ+2TuuvU3evTauNiGlEZ7IMDUAMuOAMNcAWaoAUweATP4AW8Wk/Wm/VufUxaS9Z0Zhf8gfX5A2WmoGQ=</latexit><latexit sha1_base64="irV7/qEwXRCqZumkY4QBEBGzs9A=">AAACF3icbVDLSsNAFJ3UV62vqDvdDBahbmoigi6LblxWsQ+wIUwmk3bszCTMTIQSAv6GP+BW/8CduHXpD/gdTtoutPXAhcM593LvPUHCqNKO82WVFhaXllfKq5W19Y3NLXt7p63iVGLSwjGLZTdAijAqSEtTzUg3kQTxgJFOMLws/M4DkYrG4laPEuJx1Bc0ohhpI/n2Xi1Lcz+j+XHoZ/f5kd/jSA8kz25y3646dWcMOE/cKamCKZq+/d0LY5xyIjRmSKk710m0lyGpKWYkr/RSRRKEh6hP7gwViBPlZeMfcnholBBGsTQlNByrvycyxJUa8cB0FheqWa8Q//UwEpiwme06OvcyKpJUE4Eny6OUQR3DIiQYUkmwZiNDEJbU3A/xAEmEtYmyYoJxZ2OYJ+2TuuvU3evTauNiGlEZ7IMDUAMuOAMNcAWaoAUweATP4AW8Wk/Wm/VufUxaS9Z0Zhf8gfX5A2WmoGQ=</latexit><latexit sha1_base64="irV7/qEwXRCqZumkY4QBEBGzs9A=">AAACF3icbVDLSsNAFJ3UV62vqDvdDBahbmoigi6LblxWsQ+wIUwmk3bszCTMTIQSAv6GP+BW/8CduHXpD/gdTtoutPXAhcM593LvPUHCqNKO82WVFhaXllfKq5W19Y3NLXt7p63iVGLSwjGLZTdAijAqSEtTzUg3kQTxgJFOMLws/M4DkYrG4laPEuJx1Bc0ohhpI/n2Xi1Lcz+j+XHoZ/f5kd/jSA8kz25y3646dWcMOE/cKamCKZq+/d0LY5xyIjRmSKk710m0lyGpKWYkr/RSRRKEh6hP7gwViBPlZeMfcnholBBGsTQlNByrvycyxJUa8cB0FheqWa8Q//UwEpiwme06OvcyKpJUE4Eny6OUQR3DIiQYUkmwZiNDEJbU3A/xAEmEtYmyYoJxZ2OYJ+2TuuvU3evTauNiGlEZ7IMDUAMuOAMNcAWaoAUweATP4AW8Wk/Wm/VufUxaS9Z0Zhf8gfX5A2WmoGQ=</latexit>

�ijkLiLjĒk
<latexit sha1_base64="UwOm9tmZVuB0ZW6L07Zd2fl2+IQ="></latexit><latexit sha1_base64="UwOm9tmZVuB0ZW6L07Zd2fl2+IQ="></latexit><latexit sha1_base64="UwOm9tmZVuB0ZW6L07Zd2fl2+IQ="></latexit><latexit sha1_base64="UwOm9tmZVuB0ZW6L07Zd2fl2+IQ="></latexit>

�0
ijkLiQjD̄k

<latexit sha1_base64="t/Ku0FmpWwubCaQMjeSueYl2v9U="></latexit><latexit sha1_base64="t/Ku0FmpWwubCaQMjeSueYl2v9U="></latexit><latexit sha1_base64="t/Ku0FmpWwubCaQMjeSueYl2v9U="></latexit><latexit sha1_base64="t/Ku0FmpWwubCaQMjeSueYl2v9U="></latexit>

�0
<latexit sha1_base64="uNFvlBotPZAZsyvbasPswPVWTyE=">AAACBHicdVDLSgMxFM3UV62vqks3wSK6KjOl6HRXcOOyin1IO5RMJtOGJpkhyQhl6NYfcKt/4E7c+h/+gN9hph1Bix4IHM45l3tz/JhRpW37wyqsrK6tbxQ3S1vbO7t75f2DjooSiUkbRyySPR8pwqggbU01I71YEsR9Rrr+5DLzu/dEKhqJWz2NicfRSNCQYqSNdAcHzGQDdDosV+yqbdfOXQdmJIMhDbfeaLjQyZUKyNEalj8HQYQTToTGDCnVd+xYeymSmmJGZqVBokiM8ASNSN9QgThRXjo/eAZPjBLAMJLmCQ3n6s+JFHGlptw3SY70WC17mfinh5HAhC1t16HrpVTEiSYCL5aHCYM6glkjMKCSYM2mhiAsqbkf4jGSCGvTW8kU8/17+D/p1KqOXXWu65XmTV5RERyBY3AGHHABmuAKtEAbYMDBI3gCz9aD9WK9Wm+LaMHKZw7BL1jvX6nrmH0=</latexit><latexit sha1_base64="uNFvlBotPZAZsyvbasPswPVWTyE=">AAACBHicdVDLSgMxFM3UV62vqks3wSK6KjOl6HRXcOOyin1IO5RMJtOGJpkhyQhl6NYfcKt/4E7c+h/+gN9hph1Bix4IHM45l3tz/JhRpW37wyqsrK6tbxQ3S1vbO7t75f2DjooSiUkbRyySPR8pwqggbU01I71YEsR9Rrr+5DLzu/dEKhqJWz2NicfRSNCQYqSNdAcHzGQDdDosV+yqbdfOXQdmJIMhDbfeaLjQyZUKyNEalj8HQYQTToTGDCnVd+xYeymSmmJGZqVBokiM8ASNSN9QgThRXjo/eAZPjBLAMJLmCQ3n6s+JFHGlptw3SY70WC17mfinh5HAhC1t16HrpVTEiSYCL5aHCYM6glkjMKCSYM2mhiAsqbkf4jGSCGvTW8kU8/17+D/p1KqOXXWu65XmTV5RERyBY3AGHHABmuAKtEAbYMDBI3gCz9aD9WK9Wm+LaMHKZw7BL1jvX6nrmH0=</latexit><latexit sha1_base64="uNFvlBotPZAZsyvbasPswPVWTyE=">AAACBHicdVDLSgMxFM3UV62vqks3wSK6KjOl6HRXcOOyin1IO5RMJtOGJpkhyQhl6NYfcKt/4E7c+h/+gN9hph1Bix4IHM45l3tz/JhRpW37wyqsrK6tbxQ3S1vbO7t75f2DjooSiUkbRyySPR8pwqggbU01I71YEsR9Rrr+5DLzu/dEKhqJWz2NicfRSNCQYqSNdAcHzGQDdDosV+yqbdfOXQdmJIMhDbfeaLjQyZUKyNEalj8HQYQTToTGDCnVd+xYeymSmmJGZqVBokiM8ASNSN9QgThRXjo/eAZPjBLAMJLmCQ3n6s+JFHGlptw3SY70WC17mfinh5HAhC1t16HrpVTEiSYCL5aHCYM6glkjMKCSYM2mhiAsqbkf4jGSCGvTW8kU8/17+D/p1KqOXXWu65XmTV5RERyBY3AGHHABmuAKtEAbYMDBI3gCz9aD9WK9Wm+LaMHKZw7BL1jvX6nrmH0=</latexit><latexit sha1_base64="uNFvlBotPZAZsyvbasPswPVWTyE=">AAACBHicdVDLSgMxFM3UV62vqks3wSK6KjOl6HRXcOOyin1IO5RMJtOGJpkhyQhl6NYfcKt/4E7c+h/+gN9hph1Bix4IHM45l3tz/JhRpW37wyqsrK6tbxQ3S1vbO7t75f2DjooSiUkbRyySPR8pwqggbU01I71YEsR9Rrr+5DLzu/dEKhqJWz2NicfRSNCQYqSNdAcHzGQDdDosV+yqbdfOXQdmJIMhDbfeaLjQyZUKyNEalj8HQYQTToTGDCnVd+xYeymSmmJGZqVBokiM8ASNSN9QgThRXjo/eAZPjBLAMJLmCQ3n6s+JFHGlptw3SY70WC17mfinh5HAhC1t16HrpVTEiSYCL5aHCYM6glkjMKCSYM2mhiAsqbkf4jGSCGvTW8kU8/17+D/p1KqOXXWu65XmTV5RERyBY3AGHHABmuAKtEAbYMDBI3gCz9aD9WK9Wm+LaMHKZw7BL1jvX6nrmH0=</latexit>

�00
ijkŪiD̄jD̄k

<latexit sha1_base64="4S1qQifpGrYsFGPVHbzfVO2GgsA="></latexit><latexit sha1_base64="4S1qQifpGrYsFGPVHbzfVO2GgsA="></latexit><latexit sha1_base64="4S1qQifpGrYsFGPVHbzfVO2GgsA="></latexit><latexit sha1_base64="4S1qQifpGrYsFGPVHbzfVO2GgsA="></latexit>

�ijkLiLjĒk
<latexit sha1_base64="UwOm9tmZVuB0ZW6L07Zd2fl2+IQ="></latexit><latexit sha1_base64="UwOm9tmZVuB0ZW6L07Zd2fl2+IQ="></latexit><latexit sha1_base64="UwOm9tmZVuB0ZW6L07Zd2fl2+IQ="></latexit><latexit sha1_base64="UwOm9tmZVuB0ZW6L07Zd2fl2+IQ="></latexit>

�00
<latexit sha1_base64="k+h5AxWYVhto2vJmLBTGW2J/Hws=">AAACBXicdVDLSgMxFM34rPVVdekmWKSuykwp2u4KblxWsQ9sh3Ink2lDM5khyQhl6NofcKt/4E7c+h3+gN9hpq2gRQ8EDuecy705XsyZ0rb9Ya2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXQ8U5UzQlmaa024sKYQepx1vfJn5nXsqFYvErZ7E1A1hKFjACGgj3eE+N1kfSqVBoWiXbbtyXnNwRjIYUq9V6/UadhZKES3QHBQ++35EkpAKTTgo1XPsWLspSM0Ip9N8P1E0BjKGIe0ZKiCkyk1nF0/xqVF8HETSPKHxTP05kUKo1CT0TDIEPVLLXib+6REQhPKl7TqouSkTcaKpIPPlQcKxjnBWCfaZpETziSFAJDP3YzICCUSb4vKmmO/f4/9Ju1J27LJzXS02bhYV5dAxOkFnyEEXqIGuUBO1EEECPaIn9Gw9WC/Wq/U2j65Yi5kj9AvW+xcQLpiu</latexit><latexit sha1_base64="k+h5AxWYVhto2vJmLBTGW2J/Hws=">AAACBXicdVDLSgMxFM34rPVVdekmWKSuykwp2u4KblxWsQ9sh3Ink2lDM5khyQhl6NofcKt/4E7c+h3+gN9hpq2gRQ8EDuecy705XsyZ0rb9Ya2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXQ8U5UzQlmaa024sKYQepx1vfJn5nXsqFYvErZ7E1A1hKFjACGgj3eE+N1kfSqVBoWiXbbtyXnNwRjIYUq9V6/UadhZKES3QHBQ++35EkpAKTTgo1XPsWLspSM0Ip9N8P1E0BjKGIe0ZKiCkyk1nF0/xqVF8HETSPKHxTP05kUKo1CT0TDIEPVLLXib+6REQhPKl7TqouSkTcaKpIPPlQcKxjnBWCfaZpETziSFAJDP3YzICCUSb4vKmmO/f4/9Ju1J27LJzXS02bhYV5dAxOkFnyEEXqIGuUBO1EEECPaIn9Gw9WC/Wq/U2j65Yi5kj9AvW+xcQLpiu</latexit><latexit sha1_base64="k+h5AxWYVhto2vJmLBTGW2J/Hws=">AAACBXicdVDLSgMxFM34rPVVdekmWKSuykwp2u4KblxWsQ9sh3Ink2lDM5khyQhl6NofcKt/4E7c+h3+gN9hpq2gRQ8EDuecy705XsyZ0rb9Ya2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXQ8U5UzQlmaa024sKYQepx1vfJn5nXsqFYvErZ7E1A1hKFjACGgj3eE+N1kfSqVBoWiXbbtyXnNwRjIYUq9V6/UadhZKES3QHBQ++35EkpAKTTgo1XPsWLspSM0Ip9N8P1E0BjKGIe0ZKiCkyk1nF0/xqVF8HETSPKHxTP05kUKo1CT0TDIEPVLLXib+6REQhPKl7TqouSkTcaKpIPPlQcKxjnBWCfaZpETziSFAJDP3YzICCUSb4vKmmO/f4/9Ju1J27LJzXS02bhYV5dAxOkFnyEEXqIGuUBO1EEECPaIn9Gw9WC/Wq/U2j65Yi5kj9AvW+xcQLpiu</latexit><latexit sha1_base64="k+h5AxWYVhto2vJmLBTGW2J/Hws=">AAACBXicdVDLSgMxFM34rPVVdekmWKSuykwp2u4KblxWsQ9sh3Ink2lDM5khyQhl6NofcKt/4E7c+h3+gN9hpq2gRQ8EDuecy705XsyZ0rb9Ya2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXQ8U5UzQlmaa024sKYQepx1vfJn5nXsqFYvErZ7E1A1hKFjACGgj3eE+N1kfSqVBoWiXbbtyXnNwRjIYUq9V6/UadhZKES3QHBQ++35EkpAKTTgo1XPsWLspSM0Ip9N8P1E0BjKGIe0ZKiCkyk1nF0/xqVF8HETSPKHxTP05kUKo1CT0TDIEPVLLXib+6REQhPKl7TqouSkTcaKpIPPlQcKxjnBWCfaZpETziSFAJDP3YzICCUSb4vKmmO/f4/9Ju1J27LJzXS02bhYV5dAxOkFnyEEXqIGuUBO1EEECPaIn9Gw9WC/Wq/U2j65Yi5kj9AvW+xcQLpiu</latexit>

�00
<latexit sha1_base64="k+h5AxWYVhto2vJmLBTGW2J/Hws=">AAACBXicdVDLSgMxFM34rPVVdekmWKSuykwp2u4KblxWsQ9sh3Ink2lDM5khyQhl6NofcKt/4E7c+h3+gN9hpq2gRQ8EDuecy705XsyZ0rb9Ya2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXQ8U5UzQlmaa024sKYQepx1vfJn5nXsqFYvErZ7E1A1hKFjACGgj3eE+N1kfSqVBoWiXbbtyXnNwRjIYUq9V6/UadhZKES3QHBQ++35EkpAKTTgo1XPsWLspSM0Ip9N8P1E0BjKGIe0ZKiCkyk1nF0/xqVF8HETSPKHxTP05kUKo1CT0TDIEPVLLXib+6REQhPKl7TqouSkTcaKpIPPlQcKxjnBWCfaZpETziSFAJDP3YzICCUSb4vKmmO/f4/9Ju1J27LJzXS02bhYV5dAxOkFnyEEXqIGuUBO1EEECPaIn9Gw9WC/Wq/U2j65Yi5kj9AvW+xcQLpiu</latexit><latexit sha1_base64="k+h5AxWYVhto2vJmLBTGW2J/Hws=">AAACBXicdVDLSgMxFM34rPVVdekmWKSuykwp2u4KblxWsQ9sh3Ink2lDM5khyQhl6NofcKt/4E7c+h3+gN9hpq2gRQ8EDuecy705XsyZ0rb9Ya2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXQ8U5UzQlmaa024sKYQepx1vfJn5nXsqFYvErZ7E1A1hKFjACGgj3eE+N1kfSqVBoWiXbbtyXnNwRjIYUq9V6/UadhZKES3QHBQ++35EkpAKTTgo1XPsWLspSM0Ip9N8P1E0BjKGIe0ZKiCkyk1nF0/xqVF8HETSPKHxTP05kUKo1CT0TDIEPVLLXib+6REQhPKl7TqouSkTcaKpIPPlQcKxjnBWCfaZpETziSFAJDP3YzICCUSb4vKmmO/f4/9Ju1J27LJzXS02bhYV5dAxOkFnyEEXqIGuUBO1EEECPaIn9Gw9WC/Wq/U2j65Yi5kj9AvW+xcQLpiu</latexit><latexit sha1_base64="k+h5AxWYVhto2vJmLBTGW2J/Hws=">AAACBXicdVDLSgMxFM34rPVVdekmWKSuykwp2u4KblxWsQ9sh3Ink2lDM5khyQhl6NofcKt/4E7c+h3+gN9hpq2gRQ8EDuecy705XsyZ0rb9Ya2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXQ8U5UzQlmaa024sKYQepx1vfJn5nXsqFYvErZ7E1A1hKFjACGgj3eE+N1kfSqVBoWiXbbtyXnNwRjIYUq9V6/UadhZKES3QHBQ++35EkpAKTTgo1XPsWLspSM0Ip9N8P1E0BjKGIe0ZKiCkyk1nF0/xqVF8HETSPKHxTP05kUKo1CT0TDIEPVLLXib+6REQhPKl7TqouSkTcaKpIPPlQcKxjnBWCfaZpETziSFAJDP3YzICCUSb4vKmmO/f4/9Ju1J27LJzXS02bhYV5dAxOkFnyEEXqIGuUBO1EEECPaIn9Gw9WC/Wq/U2j65Yi5kj9AvW+xcQLpiu</latexit><latexit sha1_base64="k+h5AxWYVhto2vJmLBTGW2J/Hws=">AAACBXicdVDLSgMxFM34rPVVdekmWKSuykwp2u4KblxWsQ9sh3Ink2lDM5khyQhl6NofcKt/4E7c+h3+gN9hpq2gRQ8EDuecy705XsyZ0rb9Ya2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXQ8U5UzQlmaa024sKYQepx1vfJn5nXsqFYvErZ7E1A1hKFjACGgj3eE+N1kfSqVBoWiXbbtyXnNwRjIYUq9V6/UadhZKES3QHBQ++35EkpAKTTgo1XPsWLspSM0Ip9N8P1E0BjKGIe0ZKiCkyk1nF0/xqVF8HETSPKHxTP05kUKo1CT0TDIEPVLLXib+6REQhPKl7TqouSkTcaKpIPPlQcKxjnBWCfaZpETziSFAJDP3YzICCUSb4vKmmO/f4/9Ju1J27LJzXS02bhYV5dAxOkFnyEEXqIGuUBO1EEECPaIn9Gw9WC/Wq/U2j65Yi5kj9AvW+xcQLpiu</latexit> �0

<latexit sha1_base64="uNFvlBotPZAZsyvbasPswPVWTyE=">AAACBHicdVDLSgMxFM3UV62vqks3wSK6KjOl6HRXcOOyin1IO5RMJtOGJpkhyQhl6NYfcKt/4E7c+h/+gN9hph1Bix4IHM45l3tz/JhRpW37wyqsrK6tbxQ3S1vbO7t75f2DjooSiUkbRyySPR8pwqggbU01I71YEsR9Rrr+5DLzu/dEKhqJWz2NicfRSNCQYqSNdAcHzGQDdDosV+yqbdfOXQdmJIMhDbfeaLjQyZUKyNEalj8HQYQTToTGDCnVd+xYeymSmmJGZqVBokiM8ASNSN9QgThRXjo/eAZPjBLAMJLmCQ3n6s+JFHGlptw3SY70WC17mfinh5HAhC1t16HrpVTEiSYCL5aHCYM6glkjMKCSYM2mhiAsqbkf4jGSCGvTW8kU8/17+D/p1KqOXXWu65XmTV5RERyBY3AGHHABmuAKtEAbYMDBI3gCz9aD9WK9Wm+LaMHKZw7BL1jvX6nrmH0=</latexit><latexit sha1_base64="uNFvlBotPZAZsyvbasPswPVWTyE=">AAACBHicdVDLSgMxFM3UV62vqks3wSK6KjOl6HRXcOOyin1IO5RMJtOGJpkhyQhl6NYfcKt/4E7c+h/+gN9hph1Bix4IHM45l3tz/JhRpW37wyqsrK6tbxQ3S1vbO7t75f2DjooSiUkbRyySPR8pwqggbU01I71YEsR9Rrr+5DLzu/dEKhqJWz2NicfRSNCQYqSNdAcHzGQDdDosV+yqbdfOXQdmJIMhDbfeaLjQyZUKyNEalj8HQYQTToTGDCnVd+xYeymSmmJGZqVBokiM8ASNSN9QgThRXjo/eAZPjBLAMJLmCQ3n6s+JFHGlptw3SY70WC17mfinh5HAhC1t16HrpVTEiSYCL5aHCYM6glkjMKCSYM2mhiAsqbkf4jGSCGvTW8kU8/17+D/p1KqOXXWu65XmTV5RERyBY3AGHHABmuAKtEAbYMDBI3gCz9aD9WK9Wm+LaMHKZw7BL1jvX6nrmH0=</latexit><latexit sha1_base64="uNFvlBotPZAZsyvbasPswPVWTyE=">AAACBHicdVDLSgMxFM3UV62vqks3wSK6KjOl6HRXcOOyin1IO5RMJtOGJpkhyQhl6NYfcKt/4E7c+h/+gN9hph1Bix4IHM45l3tz/JhRpW37wyqsrK6tbxQ3S1vbO7t75f2DjooSiUkbRyySPR8pwqggbU01I71YEsR9Rrr+5DLzu/dEKhqJWz2NicfRSNCQYqSNdAcHzGQDdDosV+yqbdfOXQdmJIMhDbfeaLjQyZUKyNEalj8HQYQTToTGDCnVd+xYeymSmmJGZqVBokiM8ASNSN9QgThRXjo/eAZPjBLAMJLmCQ3n6s+JFHGlptw3SY70WC17mfinh5HAhC1t16HrpVTEiSYCL5aHCYM6glkjMKCSYM2mhiAsqbkf4jGSCGvTW8kU8/17+D/p1KqOXXWu65XmTV5RERyBY3AGHHABmuAKtEAbYMDBI3gCz9aD9WK9Wm+LaMHKZw7BL1jvX6nrmH0=</latexit><latexit sha1_base64="uNFvlBotPZAZsyvbasPswPVWTyE=">AAACBHicdVDLSgMxFM3UV62vqks3wSK6KjOl6HRXcOOyin1IO5RMJtOGJpkhyQhl6NYfcKt/4E7c+h/+gN9hph1Bix4IHM45l3tz/JhRpW37wyqsrK6tbxQ3S1vbO7t75f2DjooSiUkbRyySPR8pwqggbU01I71YEsR9Rrr+5DLzu/dEKhqJWz2NicfRSNCQYqSNdAcHzGQDdDosV+yqbdfOXQdmJIMhDbfeaLjQyZUKyNEalj8HQYQTToTGDCnVd+xYeymSmmJGZqVBokiM8ASNSN9QgThRXjo/eAZPjBLAMJLmCQ3n6s+JFHGlptw3SY70WC17mfinh5HAhC1t16HrpVTEiSYCL5aHCYM6glkjMKCSYM2mhiAsqbkf4jGSCGvTW8kU8/17+D/p1KqOXXWu65XmTV5RERyBY3AGHHABmuAKtEAbYMDBI3gCz9aD9WK9Wm+LaMHKZw7BL1jvX6nrmH0=</latexit>

proton
⇡0

<latexit sha1_base64="XOsoOKdwukRvSYfqYq8sRsfEDKA=">AAACAHicdVDLTgIxFO3gC/GFunTTSExcTTqggDsSNy7ROEACI+mUDjR0OpO2Y0ImbPwBt/oH7oxb/8Qf8DssAyZK9CQ3OTnn3tx7jx9zpjRCH1ZuZXVtfSO/Wdja3tndK+4ftFSUSEJdEvFIdnysKGeCupppTjuxpDj0OW3748uZ376nUrFI3OpJTL0QDwULGMHaSG4vZneoXywh+7x+Ua3UIbKrqOY4tYyUq04FOjbKUAILNPvFz94gIklIhSYcK9V1UKy9FEvNCKfTQi9RNMZkjIe0a6jAIVVemh07hSdGGcAgkqaEhpn6cyLFoVKT0DedIdYjtezNxD89ggWhfGm7DupeykScaCrIfHmQcKgjOEsDDpikRPOJIZhIZu6HZIQlJtpkVjDBfH8P/yetsu0g27k+KzVuFhHlwRE4BqfAATXQAFegCVxAAAOP4Ak8Ww/Wi/Vqvc1bc9Zi5hD8gvX+BSbolyM=</latexit><latexit sha1_base64="XOsoOKdwukRvSYfqYq8sRsfEDKA=">AAACAHicdVDLTgIxFO3gC/GFunTTSExcTTqggDsSNy7ROEACI+mUDjR0OpO2Y0ImbPwBt/oH7oxb/8Qf8DssAyZK9CQ3OTnn3tx7jx9zpjRCH1ZuZXVtfSO/Wdja3tndK+4ftFSUSEJdEvFIdnysKGeCupppTjuxpDj0OW3748uZ376nUrFI3OpJTL0QDwULGMHaSG4vZneoXywh+7x+Ua3UIbKrqOY4tYyUq04FOjbKUAILNPvFz94gIklIhSYcK9V1UKy9FEvNCKfTQi9RNMZkjIe0a6jAIVVemh07hSdGGcAgkqaEhpn6cyLFoVKT0DedIdYjtezNxD89ggWhfGm7DupeykScaCrIfHmQcKgjOEsDDpikRPOJIZhIZu6HZIQlJtpkVjDBfH8P/yetsu0g27k+KzVuFhHlwRE4BqfAATXQAFegCVxAAAOP4Ak8Ww/Wi/Vqvc1bc9Zi5hD8gvX+BSbolyM=</latexit><latexit sha1_base64="XOsoOKdwukRvSYfqYq8sRsfEDKA=">AAACAHicdVDLTgIxFO3gC/GFunTTSExcTTqggDsSNy7ROEACI+mUDjR0OpO2Y0ImbPwBt/oH7oxb/8Qf8DssAyZK9CQ3OTnn3tx7jx9zpjRCH1ZuZXVtfSO/Wdja3tndK+4ftFSUSEJdEvFIdnysKGeCupppTjuxpDj0OW3748uZ376nUrFI3OpJTL0QDwULGMHaSG4vZneoXywh+7x+Ua3UIbKrqOY4tYyUq04FOjbKUAILNPvFz94gIklIhSYcK9V1UKy9FEvNCKfTQi9RNMZkjIe0a6jAIVVemh07hSdGGcAgkqaEhpn6cyLFoVKT0DedIdYjtezNxD89ggWhfGm7DupeykScaCrIfHmQcKgjOEsDDpikRPOJIZhIZu6HZIQlJtpkVjDBfH8P/yetsu0g27k+KzVuFhHlwRE4BqfAATXQAFegCVxAAAOP4Ak8Ww/Wi/Vqvc1bc9Zi5hD8gvX+BSbolyM=</latexit><latexit sha1_base64="XOsoOKdwukRvSYfqYq8sRsfEDKA=">AAACAHicdVDLTgIxFO3gC/GFunTTSExcTTqggDsSNy7ROEACI+mUDjR0OpO2Y0ImbPwBt/oH7oxb/8Qf8DssAyZK9CQ3OTnn3tx7jx9zpjRCH1ZuZXVtfSO/Wdja3tndK+4ftFSUSEJdEvFIdnysKGeCupppTjuxpDj0OW3748uZ376nUrFI3OpJTL0QDwULGMHaSG4vZneoXywh+7x+Ua3UIbKrqOY4tYyUq04FOjbKUAILNPvFz94gIklIhSYcK9V1UKy9FEvNCKfTQi9RNMZkjIe0a6jAIVVemh07hSdGGcAgkqaEhpn6cyLFoVKT0DedIdYjtezNxD89ggWhfGm7DupeykScaCrIfHmQcKgjOEsDDpikRPOJIZhIZu6HZIQlJtpkVjDBfH8P/yetsu0g27k+KzVuFhHlwRE4BqfAATXQAFegCVxAAAOP4Ak8Ww/Wi/Vqvc1bc9Zi5hD8gvX+BSbolyM=</latexit>

e+
<latexit sha1_base64="JZm/lMQTLMNalz27+eEmIAvPpyE=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMeAF4/xkQcka5id9CZDZmeXmVkhLAF/wKv+gTfx6q/4A36Hk2QPmljQUFR1U00FieDauO6Xs7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTfzmIyrNY3lvRgn6Ee1LHnJGjZXu8OG0Wyq7FXcKski8nJQhR61b+u70YpZGKA0TVOu25ybGz6gynAkcFzupxoSyIe1j21JJI9R+Nn11TI6t0iNhrOxIQ6bq74uMRlqPosBuRtQM9Lw3Ef/1GJUMxVy6CS/9jMskNSjZLDxMBTExmXRBelwhM2JkCWWK2/8JG1BFmbGNFW0x3nwNi6RxVvHcindzXq7e5hUV4BCO4AQ8uIAqXEMN6sCgD8/wAq/Ok/PmvDsfs9UlJ785gD9wPn8ADU2V6w==</latexit><latexit sha1_base64="JZm/lMQTLMNalz27+eEmIAvPpyE=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMeAF4/xkQcka5id9CZDZmeXmVkhLAF/wKv+gTfx6q/4A36Hk2QPmljQUFR1U00FieDauO6Xs7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTfzmIyrNY3lvRgn6Ee1LHnJGjZXu8OG0Wyq7FXcKski8nJQhR61b+u70YpZGKA0TVOu25ybGz6gynAkcFzupxoSyIe1j21JJI9R+Nn11TI6t0iNhrOxIQ6bq74uMRlqPosBuRtQM9Lw3Ef/1GJUMxVy6CS/9jMskNSjZLDxMBTExmXRBelwhM2JkCWWK2/8JG1BFmbGNFW0x3nwNi6RxVvHcindzXq7e5hUV4BCO4AQ8uIAqXEMN6sCgD8/wAq/Ok/PmvDsfs9UlJ785gD9wPn8ADU2V6w==</latexit><latexit sha1_base64="JZm/lMQTLMNalz27+eEmIAvPpyE=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMeAF4/xkQcka5id9CZDZmeXmVkhLAF/wKv+gTfx6q/4A36Hk2QPmljQUFR1U00FieDauO6Xs7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTfzmIyrNY3lvRgn6Ee1LHnJGjZXu8OG0Wyq7FXcKski8nJQhR61b+u70YpZGKA0TVOu25ybGz6gynAkcFzupxoSyIe1j21JJI9R+Nn11TI6t0iNhrOxIQ6bq74uMRlqPosBuRtQM9Lw3Ef/1GJUMxVy6CS/9jMskNSjZLDxMBTExmXRBelwhM2JkCWWK2/8JG1BFmbGNFW0x3nwNi6RxVvHcindzXq7e5hUV4BCO4AQ8uIAqXEMN6sCgD8/wAq/Ok/PmvDsfs9UlJ785gD9wPn8ADU2V6w==</latexit><latexit sha1_base64="JZm/lMQTLMNalz27+eEmIAvPpyE=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMeAF4/xkQcka5id9CZDZmeXmVkhLAF/wKv+gTfx6q/4A36Hk2QPmljQUFR1U00FieDauO6Xs7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTfzmIyrNY3lvRgn6Ee1LHnJGjZXu8OG0Wyq7FXcKski8nJQhR61b+u70YpZGKA0TVOu25ybGz6gynAkcFzupxoSyIe1j21JJI9R+Nn11TI6t0iNhrOxIQ6bq74uMRlqPosBuRtQM9Lw3Ef/1GJUMxVy6CS/9jMskNSjZLDxMBTExmXRBelwhM2JkCWWK2/8JG1BFmbGNFW0x3nwNi6RxVvHcindzXq7e5hUV4BCO4AQ8uIAqXEMN6sCgD8/wAq/Ok/PmvDsfs9UlJ785gD9wPn8ADU2V6w==</latexit>

d
<latexit sha1_base64="BaXn/TIww6ZzkIdrcU/FT3GIgKI=">AAAB/HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUr9gFtKJPJTTt0MgkzE6GE+gNu9Q/ciVv/xR/wO5y2WWj1wIXDOfdyLidIBdfGdT+d0tr6xuZWebuys7u3f1A9POroJFMM2ywRieoFVKPgEtuGG4G9VCGNA4HdYHIz97sPqDRP5L2ZpujHdCR5xBk1VmqFw2rNrbsLkL/EK0gNCjSH1a9BmLAsRmmYoFr3PTc1fk6V4UzgrDLINKaUTegI+5ZKGqP288WjM3JmlZBEibIjDVmoPy9yGms9jQO7GVMz1qveXPzXY1QyFCvpJrr2cy7TzKBky/AoE8QkZN4ECblCZsTUEsoUt/8TNqaKMmP7qthivNUa/pLORd1z617rsta4Kyoqwwmcwjl4cAUNuIUmtIEBwhM8w4vz6Lw6b877crXkFDfH8AvOxzfmJZVN</latexit><latexit sha1_base64="BaXn/TIww6ZzkIdrcU/FT3GIgKI=">AAAB/HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUr9gFtKJPJTTt0MgkzE6GE+gNu9Q/ciVv/xR/wO5y2WWj1wIXDOfdyLidIBdfGdT+d0tr6xuZWebuys7u3f1A9POroJFMM2ywRieoFVKPgEtuGG4G9VCGNA4HdYHIz97sPqDRP5L2ZpujHdCR5xBk1VmqFw2rNrbsLkL/EK0gNCjSH1a9BmLAsRmmYoFr3PTc1fk6V4UzgrDLINKaUTegI+5ZKGqP288WjM3JmlZBEibIjDVmoPy9yGms9jQO7GVMz1qveXPzXY1QyFCvpJrr2cy7TzKBky/AoE8QkZN4ECblCZsTUEsoUt/8TNqaKMmP7qthivNUa/pLORd1z617rsta4Kyoqwwmcwjl4cAUNuIUmtIEBwhM8w4vz6Lw6b877crXkFDfH8AvOxzfmJZVN</latexit><latexit sha1_base64="BaXn/TIww6ZzkIdrcU/FT3GIgKI=">AAAB/HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUr9gFtKJPJTTt0MgkzE6GE+gNu9Q/ciVv/xR/wO5y2WWj1wIXDOfdyLidIBdfGdT+d0tr6xuZWebuys7u3f1A9POroJFMM2ywRieoFVKPgEtuGG4G9VCGNA4HdYHIz97sPqDRP5L2ZpujHdCR5xBk1VmqFw2rNrbsLkL/EK0gNCjSH1a9BmLAsRmmYoFr3PTc1fk6V4UzgrDLINKaUTegI+5ZKGqP288WjM3JmlZBEibIjDVmoPy9yGms9jQO7GVMz1qveXPzXY1QyFCvpJrr2cy7TzKBky/AoE8QkZN4ECblCZsTUEsoUt/8TNqaKMmP7qthivNUa/pLORd1z617rsta4Kyoqwwmcwjl4cAUNuIUmtIEBwhM8w4vz6Lw6b877crXkFDfH8AvOxzfmJZVN</latexit><latexit sha1_base64="BaXn/TIww6ZzkIdrcU/FT3GIgKI=">AAAB/HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUr9gFtKJPJTTt0MgkzE6GE+gNu9Q/ciVv/xR/wO5y2WWj1wIXDOfdyLidIBdfGdT+d0tr6xuZWebuys7u3f1A9POroJFMM2ywRieoFVKPgEtuGG4G9VCGNA4HdYHIz97sPqDRP5L2ZpujHdCR5xBk1VmqFw2rNrbsLkL/EK0gNCjSH1a9BmLAsRmmYoFr3PTc1fk6V4UzgrDLINKaUTegI+5ZKGqP288WjM3JmlZBEibIjDVmoPy9yGms9jQO7GVMz1qveXPzXY1QyFCvpJrr2cy7TzKBky/AoE8QkZN4ECblCZsTUEsoUt/8TNqaKMmP7qthivNUa/pLORd1z617rsta4Kyoqwwmcwjl4cAUNuIUmtIEBwhM8w4vz6Lw6b877crXkFDfH8AvOxzfmJZVN</latexit>

ū
<latexit sha1_base64="1pWAf6m8q1NVtDyDgzOf+8/iKnk=">AAACAnicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMeAF49RzAOSJfROOsmQ2dllZlYIS27+gFf9A2/i1R/xB/wOJ8keNLGgoajqppoKE8G18bwvp7C2vrG5Vdwu7ezu7R+UD4+aOk4VowaLRazaIWoSXFLDcCOonSjCKBTUCsc3M7/1SErzWD6YSUJBhEPJB5yhsVKrG6LK0mmvXPGq3hzuKvFzUoEc9V75u9uPWRqRNEyg1h3fS0yQoTKcCZqWuqmmBNkYh9SxVGJEOsjm707dM6v03UGs7EjjztXfFxlGWk+i0G5GaEZ62ZuJ/3oMJSOxlG4G10HGZZIakmwRPkiFa2J31ofb54qYERNLkClu/3fZCBUyY1sr2WL85RpWSfOi6ntV/+6yUrvPKyrCCZzCOfhwBTW4hTo0gMEYnuEFXp0n5815dz4WqwUnvzmGP3A+fwDyJZgj</latexit><latexit sha1_base64="1pWAf6m8q1NVtDyDgzOf+8/iKnk=">AAACAnicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMeAF49RzAOSJfROOsmQ2dllZlYIS27+gFf9A2/i1R/xB/wOJ8keNLGgoajqppoKE8G18bwvp7C2vrG5Vdwu7ezu7R+UD4+aOk4VowaLRazaIWoSXFLDcCOonSjCKBTUCsc3M7/1SErzWD6YSUJBhEPJB5yhsVKrG6LK0mmvXPGq3hzuKvFzUoEc9V75u9uPWRqRNEyg1h3fS0yQoTKcCZqWuqmmBNkYh9SxVGJEOsjm707dM6v03UGs7EjjztXfFxlGWk+i0G5GaEZ62ZuJ/3oMJSOxlG4G10HGZZIakmwRPkiFa2J31ofb54qYERNLkClu/3fZCBUyY1sr2WL85RpWSfOi6ntV/+6yUrvPKyrCCZzCOfhwBTW4hTo0gMEYnuEFXp0n5815dz4WqwUnvzmGP3A+fwDyJZgj</latexit><latexit sha1_base64="1pWAf6m8q1NVtDyDgzOf+8/iKnk=">AAACAnicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMeAF49RzAOSJfROOsmQ2dllZlYIS27+gFf9A2/i1R/xB/wOJ8keNLGgoajqppoKE8G18bwvp7C2vrG5Vdwu7ezu7R+UD4+aOk4VowaLRazaIWoSXFLDcCOonSjCKBTUCsc3M7/1SErzWD6YSUJBhEPJB5yhsVKrG6LK0mmvXPGq3hzuKvFzUoEc9V75u9uPWRqRNEyg1h3fS0yQoTKcCZqWuqmmBNkYh9SxVGJEOsjm707dM6v03UGs7EjjztXfFxlGWk+i0G5GaEZ62ZuJ/3oMJSOxlG4G10HGZZIakmwRPkiFa2J31ofb54qYERNLkClu/3fZCBUyY1sr2WL85RpWSfOi6ntV/+6yUrvPKyrCCZzCOfhwBTW4hTo0gMEYnuEFXp0n5815dz4WqwUnvzmGP3A+fwDyJZgj</latexit><latexit sha1_base64="1pWAf6m8q1NVtDyDgzOf+8/iKnk=">AAACAnicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMeAF49RzAOSJfROOsmQ2dllZlYIS27+gFf9A2/i1R/xB/wOJ8keNLGgoajqppoKE8G18bwvp7C2vrG5Vdwu7ezu7R+UD4+aOk4VowaLRazaIWoSXFLDcCOonSjCKBTUCsc3M7/1SErzWD6YSUJBhEPJB5yhsVKrG6LK0mmvXPGq3hzuKvFzUoEc9V75u9uPWRqRNEyg1h3fS0yQoTKcCZqWuqmmBNkYh9SxVGJEOsjm707dM6v03UGs7EjjztXfFxlGWk+i0G5GaEZ62ZuJ/3oMJSOxlG4G10HGZZIakmwRPkiFa2J31ofb54qYERNLkClu/3fZCBUyY1sr2WL85RpWSfOi6ntV/+6yUrvPKyrCCZzCOfhwBTW4hTo0gMEYnuEFXp0n5815dz4WqwUnvzmGP3A+fwDyJZgj</latexit>

u
<latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit><latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit><latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit><latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit>

u
<latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit><latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit><latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit><latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit>

s̃⇤
<latexit sha1_base64="MZi9UnEwopKQ1pg9Cnuq2UkpQj8=">AAACBnicdVDLSgNBEJz1GeMr6tHLYBDEQ5iNgSS3gBePUcwDkhhmJ51kyOzsMjMrhCV3f8Cr/oE38epv+AN+h7PJChq0oKGo6qa7ywsF14aQD2dldW19YzOzld3e2d3bzx0cNnUQKQYNFohAtT2qQXAJDcONgHaogPqegJY3uUz81j0ozQN5a6Yh9Hw6knzIGTVW6nQNFwOI9ezuvJ/Lk0K1UnIvypgUyBwJKVZJsYTdVMmjFPV+7rM7CFjkgzRMUK07LglNL6bKcCZglu1GGkLKJnQEHUsl9UH34vnJM3xqlQEeBsqWNHiu/pyIqa/11Pdsp0/NWC97ifinx6hkIJa2m2GlF3MZRgYkWywfRgKbACeZ4AFXwIyYWkKZ4vZ+zMZUUWZsclkbzPf3+H/SLBZcUnCvS/naTRpRBh2jE3SGXFRGNXSF6qiBGArQI3pCz86D8+K8Om+L1hUnnTlCv+C8fwEWEpnf</latexit><latexit sha1_base64="MZi9UnEwopKQ1pg9Cnuq2UkpQj8=">AAACBnicdVDLSgNBEJz1GeMr6tHLYBDEQ5iNgSS3gBePUcwDkhhmJ51kyOzsMjMrhCV3f8Cr/oE38epv+AN+h7PJChq0oKGo6qa7ywsF14aQD2dldW19YzOzld3e2d3bzx0cNnUQKQYNFohAtT2qQXAJDcONgHaogPqegJY3uUz81j0ozQN5a6Yh9Hw6knzIGTVW6nQNFwOI9ezuvJ/Lk0K1UnIvypgUyBwJKVZJsYTdVMmjFPV+7rM7CFjkgzRMUK07LglNL6bKcCZglu1GGkLKJnQEHUsl9UH34vnJM3xqlQEeBsqWNHiu/pyIqa/11Pdsp0/NWC97ifinx6hkIJa2m2GlF3MZRgYkWywfRgKbACeZ4AFXwIyYWkKZ4vZ+zMZUUWZsclkbzPf3+H/SLBZcUnCvS/naTRpRBh2jE3SGXFRGNXSF6qiBGArQI3pCz86D8+K8Om+L1hUnnTlCv+C8fwEWEpnf</latexit><latexit sha1_base64="MZi9UnEwopKQ1pg9Cnuq2UkpQj8=">AAACBnicdVDLSgNBEJz1GeMr6tHLYBDEQ5iNgSS3gBePUcwDkhhmJ51kyOzsMjMrhCV3f8Cr/oE38epv+AN+h7PJChq0oKGo6qa7ywsF14aQD2dldW19YzOzld3e2d3bzx0cNnUQKQYNFohAtT2qQXAJDcONgHaogPqegJY3uUz81j0ozQN5a6Yh9Hw6knzIGTVW6nQNFwOI9ezuvJ/Lk0K1UnIvypgUyBwJKVZJsYTdVMmjFPV+7rM7CFjkgzRMUK07LglNL6bKcCZglu1GGkLKJnQEHUsl9UH34vnJM3xqlQEeBsqWNHiu/pyIqa/11Pdsp0/NWC97ifinx6hkIJa2m2GlF3MZRgYkWywfRgKbACeZ4AFXwIyYWkKZ4vZ+zMZUUWZsclkbzPf3+H/SLBZcUnCvS/naTRpRBh2jE3SGXFRGNXSF6qiBGArQI3pCz86D8+K8Om+L1hUnnTlCv+C8fwEWEpnf</latexit><latexit sha1_base64="MZi9UnEwopKQ1pg9Cnuq2UkpQj8=">AAACBnicdVDLSgNBEJz1GeMr6tHLYBDEQ5iNgSS3gBePUcwDkhhmJ51kyOzsMjMrhCV3f8Cr/oE38epv+AN+h7PJChq0oKGo6qa7ywsF14aQD2dldW19YzOzld3e2d3bzx0cNnUQKQYNFohAtT2qQXAJDcONgHaogPqegJY3uUz81j0ozQN5a6Yh9Hw6knzIGTVW6nQNFwOI9ezuvJ/Lk0K1UnIvypgUyBwJKVZJsYTdVMmjFPV+7rM7CFjkgzRMUK07LglNL6bKcCZglu1GGkLKJnQEHUsl9UH34vnJM3xqlQEeBsqWNHiu/pyIqa/11Pdsp0/NWC97ifinx6hkIJa2m2GlF3MZRgYkWywfRgKbACeZ4AFXwIyYWkKZ4vZ+zMZUUWZsclkbzPf3+H/SLBZcUnCvS/naTRpRBh2jE3SGXFRGNXSF6qiBGArQI3pCz86D8+K8Om+L1hUnnTlCv+C8fwEWEpnf</latexit>

u
<latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit><latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit><latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit><latexit sha1_base64="9nTaOs7x0IVXA1pODdAubBiIWjw=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLx4TMQ9IljA76U2GzM4uM7NCWOIPeNU/8CZe/Rd/wO9wkuxBEwsaiqpuqqkgEVwb1/1yChubW9s7xd3S3v7B4VH5+KSt41QxbLFYxKobUI2CS2wZbgR2E4U0CgR2gsnt3O88otI8lg9mmqAf0ZHkIWfUWKmZDsoVt+ouQNaJl5MK5GgMyt/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaPzsiFVYYkjJUdachC/X2R0UjraRTYzYiasV715uK/HqOSoVhJN+GNn3GZpAYlW4aHqSAmJvMmyJArZEZMLaFMcfs/YWOqKDO2r5ItxlutYZ20r6qeW/Wa15X6fV5REc7gHC7BgxrU4Q4a0AIGCM/wAq/Ok/PmvDsfy9WCk9+cwh84nz8BTJVe</latexit>
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RPV consequences

• Well motivated: Radiative corrections suppressed (solution to the hierarchy 
problem w/o fine-tuning), a means for gauge coupling unification, neutralino is 
excellent dark matter candidate. 

• Neutralino can decay and so no longer viable DM candidate. 
However, other DM candidates still exist depending on which variant 
of SUSY being considered, e.g. tau sneutrino, gravitino, axino, etc. 

• Light neutrino masses arise from the lepton number violating terms. 

• SUSY particles do not need to be pair produced, resonant production 
possible too. 


With the addition of the RPV term 

to the MSSM: 
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RPV signatures 

• If the RPV coupling is small but non-zero, decay is suppressed which 
can result in LLP signatures, recall Andrew Hart’s talk in yesterday’s 
session: https://indico.cern.ch/event/754031/contributions/3522749/.


• This talk will focus on prompt decays.
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Increasing RPV coupling strength 

As the RPV coupling strength varies, so too does the topology of the event. 

MET in event Multi jets, b-jets

Displaced secondary vertices
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This talk
• RPV SUSY has a rich and varied topology so only a limited selection of results 

from ATLAS & CMS shown today. Some are dedicated searches for RPV SUSY 
whilst some are interpretations of a different exotic search. 


• Results presented here grouped by RPV coupling and signature.

• Complete list of ATLAS and CMS public results available here, here, here, here, 

here.

CMS 

• Search for lepton flavour violating decays of heavy resonances and quantum black holes to an eµ pair in proton-proton 
collisions at sqrt(s)=13 TeV: CMS-EXO-16-058


• Search for resonant production of second-generation sleptons with same-sign dimuon events in proton-proton collisions 
at sqrt(s) = 13 TeV: CMS-SUS-17-008


• Search for pair production of first-generation scalar leptoquarks at sqrt(s)=13 TeV: CMS-EXO-17-009

• Search for new phenomena in events with high jet multiplicity and low missing transverse momentum in proton-proton 

collisions at 13 TeV: CMS-EXO-17-030

• Search for physics beyond the standard model in events with two same-sign leptons or at least three leptons and jets in 

proton-proton collisions at sqrt(s) = 13 TeV: CMS-PAS-SUS-19-008  

ATLAS 

• Search for supersymmetry in events with four or more leptons in sqrt(s)=13 TeV pp collisions with ATLAS: SUSY-2016-21

• Search for lepton-flavor violation in different-flavor, high-mass final states in pp collisions at sqrt(s)=13 TeV with the ATLAS 

detector: EXOT-2016-09

• A search for B−L R-parity-violating top squarks in sqrt(s)=13 TeV pp collisions with the ATLAS experiment: SUSY-2016-029

• Search for R-parity-violating SUSY particles in multi-jet final states in pp collisions at sqrt(s)=13 TeV: SUSY-2016-22 
• Search for new phenomena in a lepton plus high jet multiplicity final state with the ATLAS experiment using sqrt(s) = 13 TeV 

pp collision data: SUSY-2016-11 
• Search for squarks and gluinos in final states with same-sign leptons and jets using 139 fb−1 of data collected with the 

ATLAS detector: SUSY-2018-09

• Reinterpretation of searches for supersymmetry in models with variable R-parity-violating coupling strength and long-lived 

R-hadrons: https://cds.cern.ch/record/2308391

List of results mentioned today
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• Search events containing 4 isolated, charged leptons. 
• Reconstructed Z, presence of hadronically decaying tau, and MET to define 

different regions of sensitivity.
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RPV

• Signal regions designed to explore two RPV decays. Sensitivity to other couplings not 
explicitly covered, e.g. λijk =123 falls in between. 


• A common signature can be interpreted as a search for either RPC and RPV SUSY 
models when combined with additional constraints, e.g. low or high MET.

�ijkLiLjĒk
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36.1 fb-1 data collected by the ATLAS experiment in 2015 + 2016, 04/17

RPC

Four charged leptons

λi33≠0

λ12k≠0
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Resonances

• Focusing on the mu-e decay here, obviously dd-bar also 
possible. ATLAS analysis also released in 2018 includes Tau 
in final states.


• RPV allows for resonant production, but requires 
assumptions about both production and decay couplings!

�ijkLiLjĒk
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35.9 fb-1 data collected by the CMS experiment in 2016, 02/18
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Resonances II
LQ

D
 =

 2
11

35.9 fb-1 data collected by the CMS experiment in 2016, 11/18

• Resonant smuon production, same RPV coupling at 
production and decay vertices.


• Same-sign di-muon events, small SM background.

• Sets limits on prod. cross section of smuon.
• Also sets limits on the RPV coupling 

constant, as a function of cMSSM 
mass terms.
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36.1 fb-1 data collected by the ATLAS experiment in 2015+2016, 10/17

• Events with opposite sign e or muon flavor lepton pair + 2 B-jets. 

• Reco b-hadron and lepton paired to minimize mass difference between pairs.

• Result scans stop branching ratio between leptons.

• CMS recently released a search for leptoquarks. Similar strategy and signature. Recast for 

RPV stop decay production cross-section.

• RPV SUSY can be investigated in non-RPV dedicated searches too!

B-L & leptoquarks

mailto:rcarney@slac.stanford.edu
mailto:rcarney@slac.stanford.edu
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-17-008/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-009/index.html


rcarney@slac.
stanford.edu

24th Oct

2019

[(6,3)+(3,2)]
2D

0 0.5 1 1.5 2 2.5 3

N
or

m
al

is
ed

0

0.02

0.04

0.06

0.08

0.1

Data
QCD multijet sim.

 = 400 GeV ]
g~

Signal [ m

 (13 TeV)-135.9 fb

CMS

�12

2
lowm ; 2

lowm ; 2
midm

0 0.1 0.2 0.3 0.4 0.5

2 m
id

m
 ; 

2 hi
gh

m
 ; 

2 hi
gh

m

0

0.2

0.4

0.6

0.8

1

0

50

100

150

200

250

300

350

400

310×

QCD multijet sim.

(13 TeV)

CMS
Simulation

2
lowm ; 2

lowm ; 2
midm

0 0.1 0.2 0.3 0.4 0.5

2 m
id

m
 ; 

2 hi
gh

m
 ; 

2 hi
gh

m

0

0.2

0.4

0.6

0.8

1

0

0.5

1

1.5

2

2.5

3

3.5

 qqq→ g~

 = 800 GeVg~ m

(13 TeV)

CMS
Simulation

• Excludes gluinos decaying to 3 jets via RPV < 1.5 TeV. 

• This analysis uses a detailed understanding of jet 

properties and kinematics used as to discriminate 
between a signal event and the multi-jet background.

Multi-jet 1�00
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35.9 fb-1 data collected by the CMS experiment in 2016, 10/18

• Take 6 highest pT jets in event and arrange into 
combinations of triplets to make Dalitz vars.
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Figure 2: right: The D
2
[3,2] variable as described in Eq. (2) for signal (gluino of mass 400 GeV)

and QCD multijet triplets. left: The D
2
[(6,3)+(3,2)] distribution as described in Eq. (4), for signal

(gluino of mass 400 GeV) and QCD multijet triplets. The distributions are made after nominal
selection criteria.

to the overall object being a six-jet ensemble, and the second refers to triplets inside this six-jet
ensemble. For a six-jet topology, we will have 20 such m̂(6, 3)2

ijk
variables. Six-jet events from

QCD multijets are largely due to a core dijet event with extra radiated jets. These jets tend to be
grouped together. Jets from pair-produced gluino decays tend to be distributed more uniformly
across the detector. This makes these variables close to 0 or 1 for QCD multijets and close to
1/20 for jets coming from signal decay. The invariant mass of the triplet is normalized such
that these 20 event-level Dalitz variables sum up to 1. Using the previously defined variables,
we define the following six-jet distance measure in a similar way to D

2
[3,2],

D
2
[(6,3)+(3,2)] = Â

i<j<k

✓q
m̂(6, 3)2

ijk
+ D

2
[3,2],ijk �

1p
20

◆2
. (4)

This D
2
[(6,3)+(3,2)] combines the D

2
[6,3] and D

2
[3,2] into a single event-level variable. Figure 2 shows

the D
2
[(6,3)+(3,2)] and D

2
[3,2] distributions for QCD multijet background and gluino simulation

after the selection criteria: HT � 650 GeV, sixth jet pT � 50 GeV and Njets � 6. The small
disagreement between QCD multijet simulation and data visible in Fig. 2 is due to imperfect
modeling of the QCD multijet simulation. Since the QCD multijet simulation is not used for
predicting the background, this discrepancy has a negligible effect on this search.

Other pair and triplet level selections

For each triplet pair, we calculate a variable called “mass asymmetry”, defined as

Am =
|mijk � mlmn|
mijk + mlmn

. (5)

Here, mijk and mlmn are masses of the two unique triplets in a triplet pair. This variable shows
discriminating power between signal and background.

For triplets from multijet QCD events or combinatorial background, the scalar sum pT (|pT|ijk)
will scale with the triplet mass (mijk). Whereas it is not case for signal triplets as they have
constant invariant mass. We exploit this feature of signal triplets by constructing a selection,
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• Events selected with at least 4 jets.

• Scalar sum of 4 leading pT large-R jets as a discriminating 

variable.

• Use >120 templates to discriminate against background. Also 

allow b-tagged jets.

• Complimentary to the CMS search, they set a mass limit on 

cascade gluino decay in addition to the direct decay: probing a 
range of coupling strengths. 


• Same final state, different approach to background 
estimation, different sensitivity to models give optimizations.
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• Requires isolated e or muon, 8-12 jets, 0-many b-jets; multiple signal regions. 

• Theoretical modeling of ttbar, V+jet uncertainties dominate systematics, instead estimate 

background from parameterized extrapolations at low-multiplicity jet regions. Mismatch can 
be seen by comparing MC/model to data/model in results.


• Improved background estimation technique helps set stringent limit on gluino and 
stop production as well as SM 4-top production.
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139 fb-1 data collected by the ATLAS 
experiment in 2015-2018, 09/19
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• Full Run 2 dataset analysis for both ATLAS and CMS.

• RPV decays have an increased likelihood of an event containing pairs of same-sign 

leptons compared to SM. So able to probe smaller sparticle masses.

• Search can be reinterpreted for RPV LQD or UDD, setting production cross-section limits 

on various masses of sparticles.

• Dominant uncertainty in both cases is charge-sign mis-ID. 

• Searches that take advantage of unique signatures with highly suppressed SM, 

such as same-sign leptons and jets can be interpreted for a wide range of models. 
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139 fb-1 data collected by the CMS 
experiment in 2016-2018, 03/19
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Summary and outlook

• Through extensive search program that bridges exotic physics searches, reinterpretations, 
and SUSY RPV dedicated searches and explore resonant production modes, multi-jet, same-
sign and opposite sign leptonic final states, R-parity violating SUSY is being thoroughly 
explored at the LHC. 

Thanks for your attention!
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• The ATLAS and CMS programs are exploring a wide range of RPV signatures. In addition, 
ATLAS has begun the process of systematically studying our sensitivity to a range of RPV 
couplings using both prompt RPV search reinterpretations and dedicated long-lived analyses.
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• In both LQD and UDD decays that include stop-top production, there is an increased likelihood 
of an event containing pairs of same-sign leptons.


• e.g. If gluino decays to stops-top pairs, 50% of the time the tops will be same-sign. Then 
~55% of the time, both tops will decay leptons. So ~27% of events with gluinos decaying to 
stop-top pairs have 2 SS leptons.


• Compared to other BSM searches, analyses based on these signatures therefore allow the use 
of looser kinematic requirements allowing us to probe smaller masses in RPV and RPC 
scenarios. 


• Because initial event selection is quite generic there is sensitivity to a wide range of BSM 
physics processes, hence both papers interpret the results for many different models.
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Same-sign leptons
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