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|�L,Hi = p|�qi± q|�̄qi

(Neutral) mesinos can 
turn into antimesinos

Just as in the case of mesons, can 
write down 2x2 Hamiltonian

Mass eigenstates are an 
admixture of “flavor” eigenstates
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�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>

�3
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�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>

�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>
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or

n

n

. . .

⇡

⇡

⌧16O > 1.9⇥ 1032 yr
<latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit><latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit><latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit><latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit>

⌧n!n̄ > 3.5⇥ 108 s
<latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit><latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit><latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit><latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit>

����M12 �
i

2
�12

���� > 1.9⇥ 10�33 GeV
<latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit><latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit><latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit><latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit>


Le↵ � (udd)2

⇤5
) M12,�12 / 1

⇤5
, ⇤ & 100 TeV

�

<latexit sha1_base64="ezsaa0barWbKNi6oBJWNhDlj6B0="></latexit><latexit sha1_base64="ezsaa0barWbKNi6oBJWNhDlj6B0="></latexit><latexit sha1_base64="ezsaa0barWbKNi6oBJWNhDlj6B0="></latexit><latexit sha1_base64="ezsaa0barWbKNi6oBJWNhDlj6B0="></latexit>
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What if �B = 2 �S = 4operators had e.g. ?

Dominant constraints could be from colliders
�12, M12 could be much, much larger

u

d

d χ

γ

φ

n

uū

s

s̄ s

s̄

u

d

dχ

γ

φ

n⌅0⌅̄0

Kuzmin (’96)

Leads to oscillation of 
cascade baryons 

Le↵ � (uss)2

⇤5
<latexit sha1_base64="rPT6876XkKK8gg3lgmRey93Tsy8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5Ki6LLoxkUXFewDmrRMpjft0MmDmYlQQv7Djb/ixoUirgQX/o3TNgttPXDhcM69M/ceL+ZMKsv6NlZW19Y3Ngtbxe2d3b198+CwJaNEUGjSiEei4xEJnIXQVExx6MQCSOBxaHvjm6nffgAhWRTeq0kMbkCGIfMZJUpLfbOaOpRwXM/6qSMCDL6fOTKJJSjHF4Sm5UTKs141S526fnRAehdZ3yxZFWsGvEzsnJRQjkbf/HQGEU0CCBXlRMqubcXKTYlQjHLIik4iISZ0TIbQ1TQkAUg3nd2W4VOtDLAfCV2hwjP190RKAikngac7A6JGctGbiv953UT5V27KwjhRENL5R37CsYrwNCg8YAKo4hNNCBVM74rpiOhMlI6zqEOwF09eJq1qxbYq9t15qXadx1FAx+gElZGNLlEN3aIGaiKKHtEzekVvxpPxYrwbH/PWFSOfOUJ/YHz9AKcGocY=</latexit><latexit sha1_base64="rPT6876XkKK8gg3lgmRey93Tsy8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5Ki6LLoxkUXFewDmrRMpjft0MmDmYlQQv7Djb/ixoUirgQX/o3TNgttPXDhcM69M/ceL+ZMKsv6NlZW19Y3Ngtbxe2d3b198+CwJaNEUGjSiEei4xEJnIXQVExx6MQCSOBxaHvjm6nffgAhWRTeq0kMbkCGIfMZJUpLfbOaOpRwXM/6qSMCDL6fOTKJJSjHF4Sm5UTKs141S526fnRAehdZ3yxZFWsGvEzsnJRQjkbf/HQGEU0CCBXlRMqubcXKTYlQjHLIik4iISZ0TIbQ1TQkAUg3nd2W4VOtDLAfCV2hwjP190RKAikngac7A6JGctGbiv953UT5V27KwjhRENL5R37CsYrwNCg8YAKo4hNNCBVM74rpiOhMlI6zqEOwF09eJq1qxbYq9t15qXadx1FAx+gElZGNLlEN3aIGaiKKHtEzekVvxpPxYrwbH/PWFSOfOUJ/YHz9AKcGocY=</latexit><latexit sha1_base64="rPT6876XkKK8gg3lgmRey93Tsy8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5Ki6LLoxkUXFewDmrRMpjft0MmDmYlQQv7Djb/ixoUirgQX/o3TNgttPXDhcM69M/ceL+ZMKsv6NlZW19Y3Ngtbxe2d3b198+CwJaNEUGjSiEei4xEJnIXQVExx6MQCSOBxaHvjm6nffgAhWRTeq0kMbkCGIfMZJUpLfbOaOpRwXM/6qSMCDL6fOTKJJSjHF4Sm5UTKs141S526fnRAehdZ3yxZFWsGvEzsnJRQjkbf/HQGEU0CCBXlRMqubcXKTYlQjHLIik4iISZ0TIbQ1TQkAUg3nd2W4VOtDLAfCV2hwjP190RKAikngac7A6JGctGbiv953UT5V27KwjhRENL5R37CsYrwNCg8YAKo4hNNCBVM74rpiOhMlI6zqEOwF09eJq1qxbYq9t15qXadx1FAx+gElZGNLlEN3aIGaiKKHtEzekVvxpPxYrwbH/PWFSOfOUJ/YHz9AKcGocY=</latexit><latexit sha1_base64="rPT6876XkKK8gg3lgmRey93Tsy8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5Ki6LLoxkUXFewDmrRMpjft0MmDmYlQQv7Djb/ixoUirgQX/o3TNgttPXDhcM69M/ceL+ZMKsv6NlZW19Y3Ngtbxe2d3b198+CwJaNEUGjSiEei4xEJnIXQVExx6MQCSOBxaHvjm6nffgAhWRTeq0kMbkCGIfMZJUpLfbOaOpRwXM/6qSMCDL6fOTKJJSjHF4Sm5UTKs141S526fnRAehdZ3yxZFWsGvEzsnJRQjkbf/HQGEU0CCBXlRMqubcXKTYlQjHLIik4iISZ0TIbQ1TQkAUg3nd2W4VOtDLAfCV2hwjP190RKAikngac7A6JGctGbiv953UT5V27KwjhRENL5R37CsYrwNCg8YAKo4hNNCBVM74rpiOhMlI6zqEOwF09eJq1qxbYq9t15qXadx1FAx+gElZGNLlEN3aIGaiKKHtEzekVvxpPxYrwbH/PWFSOfOUJ/YHz9AKcGocY=</latexit>

n

n

K

K

K

K

is kinematically 
forbidden!

Then direct 
dinucleon 

decay

13

DM, & Nelson, PRD 94 076002 [1512.05359]



There is still 
contribution to 

dinucleon decay in 
presence of weak 

interactions
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matching onto chiral 
perturbation theory)
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on possible 
operators
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Heavy flavor 
baryons and 

antibaryons created 
out-of-equilibrium

Oscillations bias 
baryons over 
antibaryons
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More complicated 
because of 
decoherence due 
to scattering on 
plasma

Heavy B 
system density 

matrix:

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

B
<latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit> B

<latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit>

Again, use long-lived 
fermion decaying out-of-eq.

Sudden decay approx:

(Similar to resonant leptogenesis of Akhmedov-Rubakov-Smirnov; 
see also Asaka & Shaposhnikov + many others) See also Ipek & March-Russell
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⌦cb � ⌦̄cb
<latexit sha1_base64="VHgKDQhCyWUgpBckz0Iswi2sDdE=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4sSQi6LLoxp0V7AOaECbTSTt0JgkzE6GELtz4K25cKOLWj3Dn3zhts6itBy6cOede5t4Tppwp7Tg/1srq2vrGZmmrvL2zu7dvHxy2VJJJQpsk4YnshFhRzmLa1Exz2kklxSLktB0ObyZ++5FKxZL4QY9S6gvcj1nECNZGCuyKdydoHwc5CcdnXojl3Duwq07NmQItE7cgVSjQCOxvr5eQTNBYE46V6rpOqv0cS80Ip+OylymaYjLEfdo1NMaCKj+fHjFGJ0bpoSiRpmKNpur8RI6FUiMRmk6B9UAtehPxP6+b6ejKz1mcZprGZPZRlHGkEzRJBPWYpETzkSGYSGZ2RWSAJSba5FY2IbiLJy+T1nnNdWru/UW1fl3EUYIKHMMpuHAJdbiFBjSBwBO8wBu8W8/Wq/Vhfc5aV6xi5gj+wPr6BdxjmDk=</latexit><latexit sha1_base64="VHgKDQhCyWUgpBckz0Iswi2sDdE=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4sSQi6LLoxp0V7AOaECbTSTt0JgkzE6GELtz4K25cKOLWj3Dn3zhts6itBy6cOede5t4Tppwp7Tg/1srq2vrGZmmrvL2zu7dvHxy2VJJJQpsk4YnshFhRzmLa1Exz2kklxSLktB0ObyZ++5FKxZL4QY9S6gvcj1nECNZGCuyKdydoHwc5CcdnXojl3Duwq07NmQItE7cgVSjQCOxvr5eQTNBYE46V6rpOqv0cS80Ip+OylymaYjLEfdo1NMaCKj+fHjFGJ0bpoSiRpmKNpur8RI6FUiMRmk6B9UAtehPxP6+b6ejKz1mcZprGZPZRlHGkEzRJBPWYpETzkSGYSGZ2RWSAJSba5FY2IbiLJy+T1nnNdWru/UW1fl3EUYIKHMMpuHAJdbiFBjSBwBO8wBu8W8/Wq/Vhfc5aV6xi5gj+wPr6BdxjmDk=</latexit><latexit sha1_base64="VHgKDQhCyWUgpBckz0Iswi2sDdE=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4sSQi6LLoxp0V7AOaECbTSTt0JgkzE6GELtz4K25cKOLWj3Dn3zhts6itBy6cOede5t4Tppwp7Tg/1srq2vrGZmmrvL2zu7dvHxy2VJJJQpsk4YnshFhRzmLa1Exz2kklxSLktB0ObyZ++5FKxZL4QY9S6gvcj1nECNZGCuyKdydoHwc5CcdnXojl3Duwq07NmQItE7cgVSjQCOxvr5eQTNBYE46V6rpOqv0cS80Ip+OylymaYjLEfdo1NMaCKj+fHjFGJ0bpoSiRpmKNpur8RI6FUiMRmk6B9UAtehPxP6+b6ejKz1mcZprGZPZRlHGkEzRJBPWYpETzkSGYSGZ2RWSAJSba5FY2IbiLJy+T1nnNdWru/UW1fl3EUYIKHMMpuHAJdbiFBjSBwBO8wBu8W8/Wq/Vhfc5aV6xi5gj+wPr6BdxjmDk=</latexit><latexit sha1_base64="VHgKDQhCyWUgpBckz0Iswi2sDdE=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4sSQi6LLoxp0V7AOaECbTSTt0JgkzE6GELtz4K25cKOLWj3Dn3zhts6itBy6cOede5t4Tppwp7Tg/1srq2vrGZmmrvL2zu7dvHxy2VJJJQpsk4YnshFhRzmLa1Exz2kklxSLktB0ObyZ++5FKxZL4QY9S6gvcj1nECNZGCuyKdydoHwc5CcdnXojl3Duwq07NmQItE7cgVSjQCOxvr5eQTNBYE46V6rpOqv0cS80Ip+OylymaYjLEfdo1NMaCKj+fHjFGJ0bpoSiRpmKNpur8RI6FUiMRmk6B9UAtehPxP6+b6ejKz1mcZprGZPZRlHGkEzRJBPWYpETzkSGYSGZ2RWSAJSba5FY2IbiLJy+T1nnNdWru/UW1fl3EUYIKHMMpuHAJdbiFBjSBwBO8wBu8W8/Wq/Vhfc5aV6xi5gj+wPr6BdxjmDk=</latexit>

system
mB = 7 GeV, �B = 3⇥ 10�12 GeV

<latexit sha1_base64="SmU5NIs/zBkWpWD/YnJubByOaVQ=">AAACJ3icbVDLSgMxFM3Ud32NunQTLIILLTNVqBul1IUuFewDOrXcSdM2NJkZkoxQhvo1bvwVN4KK6NI/MX2I2nogcDjnXG7u8SPOlHacDys1Mzs3v7C4lF5eWV1btzc2yyqMJaElEvJQVn1QlLOAljTTnFYjSUH4nFb87tnAr9xSqVgYXOteROsC2gFrMQLaSA37VDQSjwDHxf5J/s6TAp/T8v6ddw5CwI916GkmqMKuc5McuLn+d7JhZ5ysMwSeJu6YZNAYlw372WuGJBY00ISDUjXXiXQ9AakZ4bSf9mJFIyBdaNOaoQGYrfVkeGcf7xqliVuhNC/QeKj+nkhAKNUTvkkK0B016Q3E/7xarFvH9YQFUaxpQEaLWjHHOsSD0nCTSUo07xkCRDLzV0w6IIFoU23alOBOnjxNyrms62Tdq6NMoTiuYxFtox20h1yURwV0gS5RCRF0jx7RC3q1Hqwn6816H0VT1nhmC/2B9fkFhVekdg==</latexit><latexit sha1_base64="SmU5NIs/zBkWpWD/YnJubByOaVQ=">AAACJ3icbVDLSgMxFM3Ud32NunQTLIILLTNVqBul1IUuFewDOrXcSdM2NJkZkoxQhvo1bvwVN4KK6NI/MX2I2nogcDjnXG7u8SPOlHacDys1Mzs3v7C4lF5eWV1btzc2yyqMJaElEvJQVn1QlLOAljTTnFYjSUH4nFb87tnAr9xSqVgYXOteROsC2gFrMQLaSA37VDQSjwDHxf5J/s6TAp/T8v6ddw5CwI916GkmqMKuc5McuLn+d7JhZ5ysMwSeJu6YZNAYlw372WuGJBY00ISDUjXXiXQ9AakZ4bSf9mJFIyBdaNOaoQGYrfVkeGcf7xqliVuhNC/QeKj+nkhAKNUTvkkK0B016Q3E/7xarFvH9YQFUaxpQEaLWjHHOsSD0nCTSUo07xkCRDLzV0w6IIFoU23alOBOnjxNyrms62Tdq6NMoTiuYxFtox20h1yURwV0gS5RCRF0jx7RC3q1Hqwn6816H0VT1nhmC/2B9fkFhVekdg==</latexit><latexit sha1_base64="SmU5NIs/zBkWpWD/YnJubByOaVQ=">AAACJ3icbVDLSgMxFM3Ud32NunQTLIILLTNVqBul1IUuFewDOrXcSdM2NJkZkoxQhvo1bvwVN4KK6NI/MX2I2nogcDjnXG7u8SPOlHacDys1Mzs3v7C4lF5eWV1btzc2yyqMJaElEvJQVn1QlLOAljTTnFYjSUH4nFb87tnAr9xSqVgYXOteROsC2gFrMQLaSA37VDQSjwDHxf5J/s6TAp/T8v6ddw5CwI916GkmqMKuc5McuLn+d7JhZ5ysMwSeJu6YZNAYlw372WuGJBY00ISDUjXXiXQ9AakZ4bSf9mJFIyBdaNOaoQGYrfVkeGcf7xqliVuhNC/QeKj+nkhAKNUTvkkK0B016Q3E/7xarFvH9YQFUaxpQEaLWjHHOsSD0nCTSUo07xkCRDLzV0w6IIFoU23alOBOnjxNyrms62Tdq6NMoTiuYxFtox20h1yURwV0gS5RCRF0jx7RC3q1Hqwn6816H0VT1nhmC/2B9fkFhVekdg==</latexit><latexit sha1_base64="SmU5NIs/zBkWpWD/YnJubByOaVQ=">AAACJ3icbVDLSgMxFM3Ud32NunQTLIILLTNVqBul1IUuFewDOrXcSdM2NJkZkoxQhvo1bvwVN4KK6NI/MX2I2nogcDjnXG7u8SPOlHacDys1Mzs3v7C4lF5eWV1btzc2yyqMJaElEvJQVn1QlLOAljTTnFYjSUH4nFb87tnAr9xSqVgYXOteROsC2gFrMQLaSA37VDQSjwDHxf5J/s6TAp/T8v6ddw5CwI916GkmqMKuc5McuLn+d7JhZ5ysMwSeJu6YZNAYlw372WuGJBY00ISDUjXXiXQ9AakZ4bSf9mJFIyBdaNOaoQGYrfVkeGcf7xqliVuhNC/QeKj+nkhAKNUTvkkK0B016Q3E/7xarFvH9YQFUaxpQEaLWjHHOsSD0nCTSUo07xkCRDLzV0w6IIFoU23alOBOnjxNyrms62Tdq6NMoTiuYxFtox20h1yURwV0gS5RCRF0jx7RC3q1Hqwn6816H0VT1nhmC/2B9fkFhVekdg==</latexit>

|M12| = 3⇥ 10�15 GeV, |�12/M12| = 0.3
<latexit sha1_base64="xOipS9JWoUuFgp0yMdSubyTitRg="></latexit><latexit sha1_base64="xOipS9JWoUuFgp0yMdSubyTitRg="></latexit><latexit sha1_base64="xOipS9JWoUuFgp0yMdSubyTitRg="></latexit><latexit sha1_base64="xOipS9JWoUuFgp0yMdSubyTitRg="></latexit>

m�3 = 7.5 GeV, ��3 = 3⇥ 10�23 GeV
<latexit sha1_base64="T2JIS1T5WvOF3t01XWPEjLlSNkA="></latexit><latexit sha1_base64="T2JIS1T5WvOF3t01XWPEjLlSNkA="></latexit><latexit sha1_base64="T2JIS1T5WvOF3t01XWPEjLlSNkA="></latexit><latexit sha1_base64="T2JIS1T5WvOF3t01XWPEjLlSNkA="></latexit>

Importance of decoherence 
due to scattering means 

asymmetry generated at late 
times, T~10 MeV

Results for
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�

gud yid0

�����

2

' 10�6 s

✓
5 GeV

m�i

◆5 ✓m�/
p
gud yid0

20 TeV

◆4

<latexit sha1_base64="zUT0juGiL3o/yYZfYDNOouL18IA="></latexit>
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PB!B̄ ⇠ |M12|2

�2
B

⇠ 10�5

“Wrong sign” baryon decays, displaced vertices…

B branchings can be O(10�3)

[1708.05808]

b

q̄

q̄0

�

meson ! baryon + �i [+meson(s)]

baryon ! meson(s) + �i
<latexit sha1_base64="VW0urMVo/yJfDDE9CGT2xkTHAKw="></latexit><latexit sha1_base64="VW0urMVo/yJfDDE9CGT2xkTHAKw="></latexit><latexit sha1_base64="VW0urMVo/yJfDDE9CGT2xkTHAKw="></latexit><latexit sha1_base64="VW0urMVo/yJfDDE9CGT2xkTHAKw="></latexit>

�b!�1ūd̄ ⇠
mb�m4

60 (2⇡)3

 
guby1d
m2

�

!2

+O

✓
�m5

m5
b

◆

' 2⇥ 10�15 GeV

✓
�m

2 GeV

◆4✓ 1.2 TeV

m�/
p
guby1d

◆4

<latexit sha1_base64="lj5mU88caMGvoPQ5ctUB/NsFt9A="></latexit><latexit sha1_base64="lj5mU88caMGvoPQ5ctUB/NsFt9A="></latexit><latexit sha1_base64="lj5mU88caMGvoPQ5ctUB/NsFt9A="></latexit><latexit sha1_base64="lj5mU88caMGvoPQ5ctUB/NsFt9A="></latexit>



η
χ

ϕ

20

Lint � �g⇤ud�
⇤ūRd

c
R � yd��̄Ld

c
R � y0⌘�̄L⇠R �m��̄L�R + h.c.

<latexit sha1_base64="3WEdjjVMIRALqG6CsH2czQ2OlbU="></latexit><latexit sha1_base64="3WEdjjVMIRALqG6CsH2czQ2OlbU="></latexit><latexit sha1_base64="3WEdjjVMIRALqG6CsH2czQ2OlbU="></latexit><latexit sha1_base64="3WEdjjVMIRALqG6CsH2czQ2OlbU="></latexit>

Dirac, dark sector that carries baryon number:�
<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

⌘, ⇠
<latexit sha1_base64="IdgLQdQ8SpGyEnrO5nuGriuK4Wg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KCURQY9FLx4r2A9sQtlsJ+3SzSbsbsRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIXDm6nfekSleSLvzSjFIKZ9ySPOqLHSg4+GVvyK/8S7pbJbdWcgy8TLSRly1LulL7+XsCxGaZigWnc8NzXBmCrDmcBJ0c80ppQNaR87lkoaow7Gs4sn5NQqPRIlypY0ZKb+nhjTWOtRHNrOmJqBXvSm4n9eJzPRVTDmMs0MSjZfFGWCmIRM3yc9rpAZMbKEMsXtrYQNqKLM2JCKNgRv8eVl0jyvem7Vu7so167zOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AeVxkGU=</latexit><latexit sha1_base64="IdgLQdQ8SpGyEnrO5nuGriuK4Wg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KCURQY9FLx4r2A9sQtlsJ+3SzSbsbsRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIXDm6nfekSleSLvzSjFIKZ9ySPOqLHSg4+GVvyK/8S7pbJbdWcgy8TLSRly1LulL7+XsCxGaZigWnc8NzXBmCrDmcBJ0c80ppQNaR87lkoaow7Gs4sn5NQqPRIlypY0ZKb+nhjTWOtRHNrOmJqBXvSm4n9eJzPRVTDmMs0MSjZfFGWCmIRM3yc9rpAZMbKEMsXtrYQNqKLM2JCKNgRv8eVl0jyvem7Vu7so167zOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AeVxkGU=</latexit><latexit sha1_base64="IdgLQdQ8SpGyEnrO5nuGriuK4Wg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KCURQY9FLx4r2A9sQtlsJ+3SzSbsbsRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIXDm6nfekSleSLvzSjFIKZ9ySPOqLHSg4+GVvyK/8S7pbJbdWcgy8TLSRly1LulL7+XsCxGaZigWnc8NzXBmCrDmcBJ0c80ppQNaR87lkoaow7Gs4sn5NQqPRIlypY0ZKb+nhjTWOtRHNrOmJqBXvSm4n9eJzPRVTDmMs0MSjZfFGWCmIRM3yc9rpAZMbKEMsXtrYQNqKLM2JCKNgRv8eVl0jyvem7Vu7so167zOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AeVxkGU=</latexit><latexit sha1_base64="IdgLQdQ8SpGyEnrO5nuGriuK4Wg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KCURQY9FLx4r2A9sQtlsJ+3SzSbsbsRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIXDm6nfekSleSLvzSjFIKZ9ySPOqLHSg4+GVvyK/8S7pbJbdWcgy8TLSRly1LulL7+XsCxGaZigWnc8NzXBmCrDmcBJ0c80ppQNaR87lkoaow7Gs4sn5NQqPRIlypY0ZKb+nhjTWOtRHNrOmJqBXvSm4n9eJzPRVTDmMs0MSjZfFGWCmIRM3yc9rpAZMbKEMsXtrYQNqKLM2JCKNgRv8eVl0jyvem7Vu7so167zOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AeVxkGU=</latexit>

No baryon number violation⇒ no dinucleon decay constraints

Now asymmetry sourced by B 
meson oscillations, produced 

out-of-equilibrium

Exotic B meson 
branching must be 

~0.1-10%!

Elor, Escudero, & Nelson arXiv:1810.00880 
Alonso-Álvarez, Elor, Nelson, & Xiao arXiv:1907.10612



Baryogenesis requires new physics 

Typically active above electroweak scale

Low scale scenarios generally more challenging

Can lead to unique phenomenology

Testable! (In the near future!)

Described some new models involving 
coherent oscillations


