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New physics in rare decays



#1. New Physics (NP) in Neutrinoless Double Beta Decays (0v2b)

#2. A bottom-up approach to the origin of Proton Decays

“Rare decays” in this talk…

cf. Talk by Deppisch



Chasing v into the corner…
Rare decay #1: 0v2b
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If we will face a conflict…



…New Physics in 0v2b?
e.g., LBL&Cosmo: NH, 0v2b: Discovered at
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<latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit>

W
<latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit>

gUei
<latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit>

gUei
<latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit>

g
<latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit>

g
<latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit>

⌫i
<latexit sha1_base64="coreaxXGV5mtyV+Jf/HB8keDgww="></latexit><latexit sha1_base64="coreaxXGV5mtyV+Jf/HB8keDgww="></latexit><latexit sha1_base64="coreaxXGV5mtyV+Jf/HB8keDgww="></latexit><latexit sha1_base64="coreaxXGV5mtyV+Jf/HB8keDgww="></latexit>

A
ZX

<latexit sha1_base64="VJVYhr4Ip98hw/cwtyoeMoMLiac="></latexit><latexit sha1_base64="VJVYhr4Ip98hw/cwtyoeMoMLiac="></latexit><latexit sha1_base64="VJVYhr4Ip98hw/cwtyoeMoMLiac="></latexit><latexit sha1_base64="VJVYhr4Ip98hw/cwtyoeMoMLiac="></latexit>

A
Z+2Y

<latexit sha1_base64="bN+Hzz74dy+K2WB8y2FiTRcCtJ4=">AAADpXichVI9bxNBEB3ngATzEQcaJCgs7KBISNY6gCBUARoqlMRxEojN6W6ziVe5L92djcLpGkr+AAUVSEggKvgLNPwBivwERBkkGgrejo9YIUrY1d7Nvpk3s2923cjTSSrEbmnMOnHy1PjE6fKZs+fOT1amLqwkYT+Wqi1DL4zXXCdRng5UO9Wpp9aiWDm+66lVd/uB8a8OVJzoMFhOdyLV9Z2tQG9q6aSA7MqVLH+adXpJ5E iVicaNW9LP7+V29uT6bP7YrtREQ/CoHjaahVGjYiyEU6U56tAGhSSpTz4pCiiF7ZFDCeY6NUlQBKxLGbAYlma/opzK4PYRpRDhAN3Gdwu79QINsDc5E2ZLVPGwYjCrNC2+iQ9iT3wVH8V38fvIXBnnMGfZwd8dclVkT7681Pr1X5aPf0q9EesYxt/YGN5NLObsowli42MVp2DdYaUayiNGTA/kMNPg+au91t2l6eyaeCt+QP0bsSu+QH8w+CnfLaql15w9Zo6iZ9wvn+sHuKEMvgFwk83cSpcRl3u6sd8ds8vYM1Ljo3oNjJxnmascVaFV3HzvQJUQ04FHQ2vASA9aNZA6cpv3o7kPfaiuAhv5O9w1s+p8hro5A15p8983edhozzbmGs3Fm7X5+8VznaDLdJVmkOY2zdNDWqA2Ur+g9/SJPlsz1iNr2VoZho6VCs5FOjAs+w8y9sv/</latexit><latexit sha1_base64="bN+Hzz74dy+K2WB8y2FiTRcCtJ4=">AAADpXichVI9bxNBEB3ngATzEQcaJCgs7KBISNY6gCBUARoqlMRxEojN6W6ziVe5L92djcLpGkr+AAUVSEggKvgLNPwBivwERBkkGgrejo9YIUrY1d7Nvpk3s2923cjTSSrEbmnMOnHy1PjE6fKZs+fOT1amLqwkYT+Wqi1DL4zXXCdRng5UO9Wpp9aiWDm+66lVd/uB8a8OVJzoMFhOdyLV9Z2tQG9q6aSA7MqVLH+adXpJ5E iVicaNW9LP7+V29uT6bP7YrtREQ/CoHjaahVGjYiyEU6U56tAGhSSpTz4pCiiF7ZFDCeY6NUlQBKxLGbAYlma/opzK4PYRpRDhAN3Gdwu79QINsDc5E2ZLVPGwYjCrNC2+iQ9iT3wVH8V38fvIXBnnMGfZwd8dclVkT7681Pr1X5aPf0q9EesYxt/YGN5NLObsowli42MVp2DdYaUayiNGTA/kMNPg+au91t2l6eyaeCt+QP0bsSu+QH8w+CnfLaql15w9Zo6iZ9wvn+sHuKEMvgFwk83cSpcRl3u6sd8ds8vYM1Ljo3oNjJxnmascVaFV3HzvQJUQ04FHQ2vASA9aNZA6cpv3o7kPfaiuAhv5O9w1s+p8hro5A15p8983edhozzbmGs3Fm7X5+8VznaDLdJVmkOY2zdNDWqA2Ur+g9/SJPlsz1iNr2VoZho6VCs5FOjAs+w8y9sv/</latexit><latexit sha1_base64="bN+Hzz74dy+K2WB8y2FiTRcCtJ4=">AAADpXichVI9bxNBEB3ngATzEQcaJCgs7KBISNY6gCBUARoqlMRxEojN6W6ziVe5L92djcLpGkr+AAUVSEggKvgLNPwBivwERBkkGgrejo9YIUrY1d7Nvpk3s2923cjTSSrEbmnMOnHy1PjE6fKZs+fOT1amLqwkYT+Wqi1DL4zXXCdRng5UO9Wpp9aiWDm+66lVd/uB8a8OVJzoMFhOdyLV9Z2tQG9q6aSA7MqVLH+adXpJ5E iVicaNW9LP7+V29uT6bP7YrtREQ/CoHjaahVGjYiyEU6U56tAGhSSpTz4pCiiF7ZFDCeY6NUlQBKxLGbAYlma/opzK4PYRpRDhAN3Gdwu79QINsDc5E2ZLVPGwYjCrNC2+iQ9iT3wVH8V38fvIXBnnMGfZwd8dclVkT7681Pr1X5aPf0q9EesYxt/YGN5NLObsowli42MVp2DdYaUayiNGTA/kMNPg+au91t2l6eyaeCt+QP0bsSu+QH8w+CnfLaql15w9Zo6iZ9wvn+sHuKEMvgFwk83cSpcRl3u6sd8ds8vYM1Ljo3oNjJxnmascVaFV3HzvQJUQ04FHQ2vASA9aNZA6cpv3o7kPfaiuAhv5O9w1s+p8hro5A15p8983edhozzbmGs3Fm7X5+8VznaDLdJVmkOY2zdNDWqA2Ur+g9/SJPlsz1iNr2VoZho6VCs5FOjAs+w8y9sv/</latexit><latexit sha1_base64="bN+Hzz74dy+K2WB8y2FiTRcCtJ4=">AAADpXichVI9bxNBEB3ngATzEQcaJCgs7KBISNY6gCBUARoqlMRxEojN6W6ziVe5L92djcLpGkr+AAUVSEggKvgLNPwBivwERBkkGgrejo9YIUrY1d7Nvpk3s2923cjTSSrEbmnMOnHy1PjE6fKZs+fOT1amLqwkYT+Wqi1DL4zXXCdRng5UO9Wpp9aiWDm+66lVd/uB8a8OVJzoMFhOdyLV9Z2tQG9q6aSA7MqVLH+adXpJ5E iVicaNW9LP7+V29uT6bP7YrtREQ/CoHjaahVGjYiyEU6U56tAGhSSpTz4pCiiF7ZFDCeY6NUlQBKxLGbAYlma/opzK4PYRpRDhAN3Gdwu79QINsDc5E2ZLVPGwYjCrNC2+iQ9iT3wVH8V38fvIXBnnMGfZwd8dclVkT7681Pr1X5aPf0q9EesYxt/YGN5NLObsowli42MVp2DdYaUayiNGTA/kMNPg+au91t2l6eyaeCt+QP0bsSu+QH8w+CnfLaql15w9Zo6iZ9wvn+sHuKEMvgFwk83cSpcRl3u6sd8ds8vYM1Ljo3oNjJxnmascVaFV3HzvQJUQ04FHQ2vASA9aNZA6cpv3o7kPfaiuAhv5O9w1s+p8hro5A15p8983edhozzbmGs3Fm7X5+8VznaDLdJVmkOY2zdNDWqA2Ur+g9/SJPlsz1iNr2VoZho6VCs5FOjAs+w8y9sv/</latexit>

u
<latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit>

u
<latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit>

?
d

<latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit>

d
<latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit>

e
<latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit>

e
<latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit>

LNP =
C

⇤5
NP

ūūddēē
<latexit sha1_base64="zVYp+rVUxoWeiwEfQKZGkUd5t08="></latexit><latexit sha1_base64="zVYp+rVUxoWeiwEfQKZGkUd5t08="></latexit><latexit sha1_base64="zVYp+rVUxoWeiwEfQKZGkUd5t08="></latexit><latexit sha1_base64="zVYp+rVUxoWeiwEfQKZGkUd5t08="></latexit>

m�� ' 0.05 eV
<latexit sha1_base64="7iGetVjCvmmhD82H2s2NE2E6LQ0="></latexit><latexit sha1_base64="7iGetVjCvmmhD82H2s2NE2E6LQ0="></latexit><latexit sha1_base64="7iGetVjCvmmhD82H2s2NE2E6LQ0="></latexit><latexit sha1_base64="7iGetVjCvmmhD82H2s2NE2E6LQ0="></latexit>

= Sensitivity to NP at the scaleSensitivity to m��
<latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit><latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit><latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit><latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit>

⇤NP
<latexit sha1_base64="r20Szy5gN9Ju01vzIQ5dLSJoo+M="></latexit><latexit sha1_base64="r20Szy5gN9Ju01vzIQ5dLSJoo+M="></latexit><latexit sha1_base64="r20Szy5gN9Ju01vzIQ5dLSJoo+M="></latexit><latexit sha1_base64="r20Szy5gN9Ju01vzIQ5dLSJoo+M="></latexit>

p ' 0.1[GeV]
<latexit sha1_base64="f5V7WaEnqlF5AN5lcu3GiN2EhvM="></latexit><latexit sha1_base64="f5V7WaEnqlF5AN5lcu3GiN2EhvM="></latexit><latexit sha1_base64="f5V7WaEnqlF5AN5lcu3GiN2EhvM="></latexit><latexit sha1_base64="f5V7WaEnqlF5AN5lcu3GiN2EhvM="></latexit>

+

L⌫SM ⇠ G2
F
m��

p2
ūūddēē

<latexit sha1_base64="IuDUDmV1IgqPTtlaFIzGYYl/wQ8="></latexit><latexit sha1_base64="IuDUDmV1IgqPTtlaFIzGYYl/wQ8="></latexit><latexit sha1_base64="IuDUDmV1IgqPTtlaFIzGYYl/wQ8="></latexit><latexit sha1_base64="IuDUDmV1IgqPTtlaFIzGYYl/wQ8="></latexit>

cf. Talk by Deppisch



…New Physics in 0v2b?
e.g., LBL&Cosmo: NH, 0v2b: Discovered at

G2

F
|m�� |exp.

p2
!

=
C

⇤5

NP<latexit sha1_base64="dgdyYrPRo4GE21xV3M/hyLYcTwU="></latexit><latexit sha1_base64="dgdyYrPRo4GE21xV3M/hyLYcTwU="></latexit><latexit sha1_base64="dgdyYrPRo4GE21xV3M/hyLYcTwU="></latexit><latexit sha1_base64="dgdyYrPRo4GE21xV3M/hyLYcTwU="></latexit>

u
<latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit>

u
<latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit>

d
<latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit> d

<latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit>

e
<latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit>

e
<latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit>

W
<latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit>

W
<latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit><latexit sha1_base64="Jj/14vIOlYadjlzWeyYD17tO87g="></latexit>

gUei
<latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit>

gUei
<latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit><latexit sha1_base64="vHG2b/id5Pt4nFDDl8rOupzHZ00="></latexit>

g
<latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit>

g
<latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit>

⌫i
<latexit sha1_base64="coreaxXGV5mtyV+Jf/HB8keDgww="></latexit><latexit sha1_base64="coreaxXGV5mtyV+Jf/HB8keDgww="></latexit><latexit sha1_base64="coreaxXGV5mtyV+Jf/HB8keDgww="></latexit><latexit sha1_base64="coreaxXGV5mtyV+Jf/HB8keDgww="></latexit>

A
ZX

<latexit sha1_base64="VJVYhr4Ip98hw/cwtyoeMoMLiac="></latexit><latexit sha1_base64="VJVYhr4Ip98hw/cwtyoeMoMLiac="></latexit><latexit sha1_base64="VJVYhr4Ip98hw/cwtyoeMoMLiac="></latexit><latexit sha1_base64="VJVYhr4Ip98hw/cwtyoeMoMLiac="></latexit>

A
Z+2Y

<latexit sha1_base64="bN+Hzz74dy+K2WB8y2FiTRcCtJ4=">AAADpXichVI9bxNBEB3ngATzEQcaJCgs7KBISNY6gCBUARoqlMRxEojN6W6ziVe5L92djcLpGkr+AAUVSEggKvgLNPwBivwERBkkGgrejo9YIUrY1d7Nvpk3s2923cjTSSrEbmnMOnHy1PjE6fKZs+fOT1amLqwkYT+Wqi1DL4zXXCdRng5UO9Wpp9aiWDm+66lVd/uB8a8OVJzoMFhOdyLV9Z2tQG9q6aSA7MqVLH+adXpJ5E iVicaNW9LP7+V29uT6bP7YrtREQ/CoHjaahVGjYiyEU6U56tAGhSSpTz4pCiiF7ZFDCeY6NUlQBKxLGbAYlma/opzK4PYRpRDhAN3Gdwu79QINsDc5E2ZLVPGwYjCrNC2+iQ9iT3wVH8V38fvIXBnnMGfZwd8dclVkT7681Pr1X5aPf0q9EesYxt/YGN5NLObsowli42MVp2DdYaUayiNGTA/kMNPg+au91t2l6eyaeCt+QP0bsSu+QH8w+CnfLaql15w9Zo6iZ9wvn+sHuKEMvgFwk83cSpcRl3u6sd8ds8vYM1Ljo3oNjJxnmascVaFV3HzvQJUQ04FHQ2vASA9aNZA6cpv3o7kPfaiuAhv5O9w1s+p8hro5A15p8983edhozzbmGs3Fm7X5+8VznaDLdJVmkOY2zdNDWqA2Ur+g9/SJPlsz1iNr2VoZho6VCs5FOjAs+w8y9sv/</latexit><latexit sha1_base64="bN+Hzz74dy+K2WB8y2FiTRcCtJ4=">AAADpXichVI9bxNBEB3ngATzEQcaJCgs7KBISNY6gCBUARoqlMRxEojN6W6ziVe5L92djcLpGkr+AAUVSEggKvgLNPwBivwERBkkGgrejo9YIUrY1d7Nvpk3s2923cjTSSrEbmnMOnHy1PjE6fKZs+fOT1amLqwkYT+Wqi1DL4zXXCdRng5UO9Wpp9aiWDm+66lVd/uB8a8OVJzoMFhOdyLV9Z2tQG9q6aSA7MqVLH+adXpJ5E iVicaNW9LP7+V29uT6bP7YrtREQ/CoHjaahVGjYiyEU6U56tAGhSSpTz4pCiiF7ZFDCeY6NUlQBKxLGbAYlma/opzK4PYRpRDhAN3Gdwu79QINsDc5E2ZLVPGwYjCrNC2+iQ9iT3wVH8V38fvIXBnnMGfZwd8dclVkT7681Pr1X5aPf0q9EesYxt/YGN5NLObsowli42MVp2DdYaUayiNGTA/kMNPg+au91t2l6eyaeCt+QP0bsSu+QH8w+CnfLaql15w9Zo6iZ9wvn+sHuKEMvgFwk83cSpcRl3u6sd8ds8vYM1Ljo3oNjJxnmascVaFV3HzvQJUQ04FHQ2vASA9aNZA6cpv3o7kPfaiuAhv5O9w1s+p8hro5A15p8983edhozzbmGs3Fm7X5+8VznaDLdJVmkOY2zdNDWqA2Ur+g9/SJPlsz1iNr2VoZho6VCs5FOjAs+w8y9sv/</latexit><latexit sha1_base64="bN+Hzz74dy+K2WB8y2FiTRcCtJ4=">AAADpXichVI9bxNBEB3ngATzEQcaJCgs7KBISNY6gCBUARoqlMRxEojN6W6ziVe5L92djcLpGkr+AAUVSEggKvgLNPwBivwERBkkGgrejo9YIUrY1d7Nvpk3s2923cjTSSrEbmnMOnHy1PjE6fKZs+fOT1amLqwkYT+Wqi1DL4zXXCdRng5UO9Wpp9aiWDm+66lVd/uB8a8OVJzoMFhOdyLV9Z2tQG9q6aSA7MqVLH+adXpJ5E iVicaNW9LP7+V29uT6bP7YrtREQ/CoHjaahVGjYiyEU6U56tAGhSSpTz4pCiiF7ZFDCeY6NUlQBKxLGbAYlma/opzK4PYRpRDhAN3Gdwu79QINsDc5E2ZLVPGwYjCrNC2+iQ9iT3wVH8V38fvIXBnnMGfZwd8dclVkT7681Pr1X5aPf0q9EesYxt/YGN5NLObsowli42MVp2DdYaUayiNGTA/kMNPg+au91t2l6eyaeCt+QP0bsSu+QH8w+CnfLaql15w9Zo6iZ9wvn+sHuKEMvgFwk83cSpcRl3u6sd8ds8vYM1Ljo3oNjJxnmascVaFV3HzvQJUQ04FHQ2vASA9aNZA6cpv3o7kPfaiuAhv5O9w1s+p8hro5A15p8983edhozzbmGs3Fm7X5+8VznaDLdJVmkOY2zdNDWqA2Ur+g9/SJPlsz1iNr2VoZho6VCs5FOjAs+w8y9sv/</latexit><latexit sha1_base64="bN+Hzz74dy+K2WB8y2FiTRcCtJ4=">AAADpXichVI9bxNBEB3ngATzEQcaJCgs7KBISNY6gCBUARoqlMRxEojN6W6ziVe5L92djcLpGkr+AAUVSEggKvgLNPwBivwERBkkGgrejo9YIUrY1d7Nvpk3s2923cjTSSrEbmnMOnHy1PjE6fKZs+fOT1amLqwkYT+Wqi1DL4zXXCdRng5UO9Wpp9aiWDm+66lVd/uB8a8OVJzoMFhOdyLV9Z2tQG9q6aSA7MqVLH+adXpJ5E iVicaNW9LP7+V29uT6bP7YrtREQ/CoHjaahVGjYiyEU6U56tAGhSSpTz4pCiiF7ZFDCeY6NUlQBKxLGbAYlma/opzK4PYRpRDhAN3Gdwu79QINsDc5E2ZLVPGwYjCrNC2+iQ9iT3wVH8V38fvIXBnnMGfZwd8dclVkT7681Pr1X5aPf0q9EesYxt/YGN5NLObsowli42MVp2DdYaUayiNGTA/kMNPg+au91t2l6eyaeCt+QP0bsSu+QH8w+CnfLaql15w9Zo6iZ9wvn+sHuKEMvgFwk83cSpcRl3u6sd8ds8vYM1Ljo3oNjJxnmascVaFV3HzvQJUQ04FHQ2vASA9aNZA6cpv3o7kPfaiuAhv5O9w1s+p8hro5A15p8983edhozzbmGs3Fm7X5+8VznaDLdJVmkOY2zdNDWqA2Ur+g9/SJPlsz1iNr2VoZho6VCs5FOjAs+w8y9sv/</latexit>

u
<latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit>

u
<latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit>

?
d

<latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit>

d
<latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit>

e
<latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit>

e
<latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit>

LNP =
C

⇤5
NP

ūūddēē
<latexit sha1_base64="zVYp+rVUxoWeiwEfQKZGkUd5t08="></latexit><latexit sha1_base64="zVYp+rVUxoWeiwEfQKZGkUd5t08="></latexit><latexit sha1_base64="zVYp+rVUxoWeiwEfQKZGkUd5t08="></latexit><latexit sha1_base64="zVYp+rVUxoWeiwEfQKZGkUd5t08="></latexit>

0v2b exp. are sensitive to NP@TeVFor early studies, e.g., Riazuddin et al. (1981), 

Rizzo (1982), Keung&Senjanovic (1983)

m�� ' 0.05 eV
<latexit sha1_base64="7iGetVjCvmmhD82H2s2NE2E6LQ0="></latexit><latexit sha1_base64="7iGetVjCvmmhD82H2s2NE2E6LQ0="></latexit><latexit sha1_base64="7iGetVjCvmmhD82H2s2NE2E6LQ0="></latexit><latexit sha1_base64="7iGetVjCvmmhD82H2s2NE2E6LQ0="></latexit>

p ' 0.1[GeV]
<latexit sha1_base64="f5V7WaEnqlF5AN5lcu3GiN2EhvM="></latexit><latexit sha1_base64="f5V7WaEnqlF5AN5lcu3GiN2EhvM="></latexit><latexit sha1_base64="f5V7WaEnqlF5AN5lcu3GiN2EhvM="></latexit><latexit sha1_base64="f5V7WaEnqlF5AN5lcu3GiN2EhvM="></latexit>

C = 1
<latexit sha1_base64="43qnqPnxK4Mvcu2NXWB8K96kd7U="></latexit><latexit sha1_base64="43qnqPnxK4Mvcu2NXWB8K96kd7U="></latexit><latexit sha1_base64="43qnqPnxK4Mvcu2NXWB8K96kd7U="></latexit><latexit sha1_base64="43qnqPnxK4Mvcu2NXWB8K96kd7U="></latexit>

+

L⌫SM ⇠ G2
F
m��

p2
ūūddēē

<latexit sha1_base64="IuDUDmV1IgqPTtlaFIzGYYl/wQ8="></latexit><latexit sha1_base64="IuDUDmV1IgqPTtlaFIzGYYl/wQ8="></latexit><latexit sha1_base64="IuDUDmV1IgqPTtlaFIzGYYl/wQ8="></latexit><latexit sha1_base64="IuDUDmV1IgqPTtlaFIzGYYl/wQ8="></latexit>

⇤
NP

= 4 TeV


0.05eV

|m�� |exp.

�
1/5

<latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit><latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit><latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit><latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit>

cf. Talk by Deppisch

= Sensitivity to NP at the scaleSensitivity to m��
<latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit><latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit><latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit><latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit>

⇤NP
<latexit sha1_base64="r20Szy5gN9Ju01vzIQ5dLSJoo+M="></latexit><latexit sha1_base64="r20Szy5gN9Ju01vzIQ5dLSJoo+M="></latexit><latexit sha1_base64="r20Szy5gN9Ju01vzIQ5dLSJoo+M="></latexit><latexit sha1_base64="r20Szy5gN9Ju01vzIQ5dLSJoo+M="></latexit>



What are the effective op.s made of?

 
<latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit><latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit><latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit><latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit>

S/V
<latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit><latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit><latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit><latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit>

S0/V 0
<latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit><latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit><latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit><latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit>

Bonnet et al., 1212.3045
u

<latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit>

u
<latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit>

?
d

<latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit>

d
<latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit>

e
<latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit>

e
<latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit><latexit sha1_base64="WeAbKoi0z0akbnQT6YeGlpjcS3s="></latexit>

Decompose…
f 2 {u, d, e}

<latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit><latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit><latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit><latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

1

⇤5
NP<latexit sha1_base64="Pjz5zPy+KNlnnx6LnuQ7kvTRAAs="></latexit><latexit sha1_base64="Pjz5zPy+KNlnnx6LnuQ7kvTRAAs="></latexit><latexit sha1_base64="Pjz5zPy+KNlnnx6LnuQ7kvTRAAs="></latexit><latexit sha1_base64="Pjz5zPy+KNlnnx6LnuQ7kvTRAAs="></latexit>



What are the effective op.s made of?

 
<latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit><latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit><latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit><latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit>

S/V
<latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit><latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit><latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit><latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit>

S0/V 0
<latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit><latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit><latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit><latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit>

Bonnet et al., 1212.3045

f 2 {u, d, e}
<latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit><latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit><latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit><latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>



What are the effective op.s made of?

Colored diquark
Colour-1 diquark  

Dilepton
Leptoquarks

Gluino-like
Vector-like quarks
Neutral fermion,

 
<latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit><latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit><latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit><latexit sha1_base64="15srmWjvV45s3YvFita4bEaMylw="></latexit>

S/V
<latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit><latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit><latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit><latexit sha1_base64="2UOD+eK74TDXxPfxg3G/yCF5yGU="></latexit>

S0/V 0
<latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit><latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit><latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit><latexit sha1_base64="RsHp9lgRz7lWBXizFugtgs/0+uc="></latexit>

bo
so

ns
fe

rm
io

ns

Bonnet et al., 1212.3045

W±,W 0±, and H±
<latexit sha1_base64="WrAzKG3W1rMD6v9rUGNmp1DsQJE="></latexit><latexit sha1_base64="WrAzKG3W1rMD6v9rUGNmp1DsQJE="></latexit><latexit sha1_base64="WrAzKG3W1rMD6v9rUGNmp1DsQJE="></latexit><latexit sha1_base64="WrAzKG3W1rMD6v9rUGNmp1DsQJE="></latexit>

⌫, N
<latexit sha1_base64="sAMmdx98UI1FLy9OTElJRb6M5YY="></latexit><latexit sha1_base64="sAMmdx98UI1FLy9OTElJRb6M5YY="></latexit><latexit sha1_base64="sAMmdx98UI1FLy9OTElJRb6M5YY="></latexit><latexit sha1_base64="sAMmdx98UI1FLy9OTElJRb6M5YY="></latexit>

f 2 {u, d, e}
<latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit><latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit><latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit><latexit sha1_base64="qwszavZkOcHrEa9NZFO6t6QVlb4="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>

f
<latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit><latexit sha1_base64="jMChOP8QHf2Vlkmcyp74Tia+8lE="></latexit>



Searches for the mediators  
             at the LHC



Diquarks
1806.00843 Production: qqS int.

Signal: Resonance in  Mjj
<latexit sha1_base64="uXKEaccg1DjOjXg7eqqlsi70lEI="></latexit><latexit sha1_base64="uXKEaccg1DjOjXg7eqqlsi70lEI="></latexit><latexit sha1_base64="uXKEaccg1DjOjXg7eqqlsi70lEI="></latexit><latexit sha1_base64="uXKEaccg1DjOjXg7eqqlsi70lEI="></latexit>

MS > 7.2TeV
<latexit sha1_base64="ymy3X1rffgs/NaqHJ6U2zollYT8="></latexit><latexit sha1_base64="ymy3X1rffgs/NaqHJ6U2zollYT8="></latexit><latexit sha1_base64="ymy3X1rffgs/NaqHJ6U2zollYT8="></latexit><latexit sha1_base64="ymy3X1rffgs/NaqHJ6U2zollYT8="></latexit>

MW 0 > 3.3TeV
<latexit sha1_base64="u88C6WrRp9JRW77MAx0hWkOvpIs="></latexit><latexit sha1_base64="u88C6WrRp9JRW77MAx0hWkOvpIs="></latexit><latexit sha1_base64="u88C6WrRp9JRW77MAx0hWkOvpIs="></latexit><latexit sha1_base64="u88C6WrRp9JRW77MAx0hWkOvpIs="></latexit>

cf. Han et al., 1010.4309

Coupling with the size of the EM int. 
QQS

<latexit sha1_base64="s/kXonDc/3KiWW0YU/nsLjeqSD0="></latexit><latexit sha1_base64="s/kXonDc/3KiWW0YU/nsLjeqSD0="></latexit><latexit sha1_base64="s/kXonDc/3KiWW0YU/nsLjeqSD0="></latexit><latexit sha1_base64="s/kXonDc/3KiWW0YU/nsLjeqSD0="></latexit>

uRdRS
<latexit sha1_base64="o4ExKN9phSQIZYbJgQfyVpRElNc="></latexit><latexit sha1_base64="o4ExKN9phSQIZYbJgQfyVpRElNc="></latexit><latexit sha1_base64="o4ExKN9phSQIZYbJgQfyVpRElNc="></latexit><latexit sha1_base64="o4ExKN9phSQIZYbJgQfyVpRElNc="></latexit>

q
<latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit>

q
<latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit>

q
<latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit>

q
<latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit>

S(3,1)�1/3
<latexit sha1_base64="WmWJFEZiW9T6dmtXDnqjts3SNLQ="></latexit><latexit sha1_base64="WmWJFEZiW9T6dmtXDnqjts3SNLQ="></latexit><latexit sha1_base64="WmWJFEZiW9T6dmtXDnqjts3SNLQ="></latexit><latexit sha1_base64="WmWJFEZiW9T6dmtXDnqjts3SNLQ="></latexit>

C = 1
<latexit sha1_base64="rz201X83kegKp1n9wZezNxYp7Io="></latexit><latexit sha1_base64="rz201X83kegKp1n9wZezNxYp7Io="></latexit><latexit sha1_base64="rz201X83kegKp1n9wZezNxYp7Io="></latexit><latexit sha1_base64="rz201X83kegKp1n9wZezNxYp7Io="></latexit>

LHC:

E6
<latexit sha1_base64="X1znSaZN1l7TvOOE9R5Y4uDq1rw="></latexit><latexit sha1_base64="X1znSaZN1l7TvOOE9R5Y4uDq1rw="></latexit><latexit sha1_base64="X1znSaZN1l7TvOOE9R5Y4uDq1rw="></latexit><latexit sha1_base64="X1znSaZN1l7TvOOE9R5Y4uDq1rw="></latexit>

GUT inspired

p
<latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit>

p
<latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit>

j
<latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit>

j
<latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit>

&e.g.,

* Same for the Colour-1 one u�⇢dW 0+
⇢

<latexit sha1_base64="PqXEWyUrMnuc25efDTlYiqCmPk0="></latexit><latexit sha1_base64="PqXEWyUrMnuc25efDTlYiqCmPk0="></latexit><latexit sha1_base64="PqXEWyUrMnuc25efDTlYiqCmPk0="></latexit><latexit sha1_base64="PqXEWyUrMnuc25efDTlYiqCmPk0="></latexit>

(with the SM W-like coupling)



Diquarks
1806.00843 Production: qqS int.

 comparable to the LHC’s.

Signal: Resonance in  Mjj
<latexit sha1_base64="uXKEaccg1DjOjXg7eqqlsi70lEI="></latexit><latexit sha1_base64="uXKEaccg1DjOjXg7eqqlsi70lEI="></latexit><latexit sha1_base64="uXKEaccg1DjOjXg7eqqlsi70lEI="></latexit><latexit sha1_base64="uXKEaccg1DjOjXg7eqqlsi70lEI="></latexit>

MS > 7.2TeV
<latexit sha1_base64="ymy3X1rffgs/NaqHJ6U2zollYT8="></latexit><latexit sha1_base64="ymy3X1rffgs/NaqHJ6U2zollYT8="></latexit><latexit sha1_base64="ymy3X1rffgs/NaqHJ6U2zollYT8="></latexit><latexit sha1_base64="ymy3X1rffgs/NaqHJ6U2zollYT8="></latexit>

MW 0 > 3.3TeV
<latexit sha1_base64="u88C6WrRp9JRW77MAx0hWkOvpIs="></latexit><latexit sha1_base64="u88C6WrRp9JRW77MAx0hWkOvpIs="></latexit><latexit sha1_base64="u88C6WrRp9JRW77MAx0hWkOvpIs="></latexit><latexit sha1_base64="u88C6WrRp9JRW77MAx0hWkOvpIs="></latexit>

cf. Han et al., 1010.4309

Coupling with the size of the EM int. 
QQS

<latexit sha1_base64="s/kXonDc/3KiWW0YU/nsLjeqSD0="></latexit><latexit sha1_base64="s/kXonDc/3KiWW0YU/nsLjeqSD0="></latexit><latexit sha1_base64="s/kXonDc/3KiWW0YU/nsLjeqSD0="></latexit><latexit sha1_base64="s/kXonDc/3KiWW0YU/nsLjeqSD0="></latexit>

uRdRS
<latexit sha1_base64="o4ExKN9phSQIZYbJgQfyVpRElNc="></latexit><latexit sha1_base64="o4ExKN9phSQIZYbJgQfyVpRElNc="></latexit><latexit sha1_base64="o4ExKN9phSQIZYbJgQfyVpRElNc="></latexit><latexit sha1_base64="o4ExKN9phSQIZYbJgQfyVpRElNc="></latexit>

q
<latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit>

q
<latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit>

q
<latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit>

q
<latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit>

S(3,1)�1/3
<latexit sha1_base64="WmWJFEZiW9T6dmtXDnqjts3SNLQ="></latexit><latexit sha1_base64="WmWJFEZiW9T6dmtXDnqjts3SNLQ="></latexit><latexit sha1_base64="WmWJFEZiW9T6dmtXDnqjts3SNLQ="></latexit><latexit sha1_base64="WmWJFEZiW9T6dmtXDnqjts3SNLQ="></latexit>

* Same for the Colour-1 one u�⇢dW 0+
⇢

<latexit sha1_base64="PqXEWyUrMnuc25efDTlYiqCmPk0="></latexit><latexit sha1_base64="PqXEWyUrMnuc25efDTlYiqCmPk0="></latexit><latexit sha1_base64="PqXEWyUrMnuc25efDTlYiqCmPk0="></latexit><latexit sha1_base64="PqXEWyUrMnuc25efDTlYiqCmPk0="></latexit>

(with the SM W-like coupling)

Sensitivity at 0v2b exps. (with         )C = 1
<latexit sha1_base64="rz201X83kegKp1n9wZezNxYp7Io="></latexit><latexit sha1_base64="rz201X83kegKp1n9wZezNxYp7Io="></latexit><latexit sha1_base64="rz201X83kegKp1n9wZezNxYp7Io="></latexit><latexit sha1_base64="rz201X83kegKp1n9wZezNxYp7Io="></latexit>

LHC:

E6
<latexit sha1_base64="X1znSaZN1l7TvOOE9R5Y4uDq1rw="></latexit><latexit sha1_base64="X1znSaZN1l7TvOOE9R5Y4uDq1rw="></latexit><latexit sha1_base64="X1znSaZN1l7TvOOE9R5Y4uDq1rw="></latexit><latexit sha1_base64="X1znSaZN1l7TvOOE9R5Y4uDq1rw="></latexit>

GUT inspired

p
<latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit>

p
<latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit>

j
<latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit>

j
<latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit>

&

⇤
NP

= 4 TeV


0.05eV

|m�� |exp.

�
1/5

<latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit><latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit><latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit><latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit>

e.g.,



Leptoquarks

1902.00377 Signal:

MSLQ > 1.25TeV
<latexit sha1_base64="+dbDRw/y3AEDVK6yCJyw5+4eCYM="></latexit><latexit sha1_base64="+dbDRw/y3AEDVK6yCJyw5+4eCYM="></latexit><latexit sha1_base64="+dbDRw/y3AEDVK6yCJyw5+4eCYM="></latexit><latexit sha1_base64="+dbDRw/y3AEDVK6yCJyw5+4eCYM="></latexit>

for the 1st gen. scalar LQ

To bound LQs with 

Single production

cf. Buchmueller Rueckl Wyler (1987)
Belyayev et al., hep-ph/0502067

Production: Strong interaction  
                   Pair-production with g

<latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit><latexit sha1_base64="IbpL/VfPW1CLO3GUt2ColF+ILQM="></latexit>

Br(SLQ ! q`) = 0.5
<latexit sha1_base64="aG2MEGJ4vWVLjGdalOgQvkvc7Lw="></latexit><latexit sha1_base64="aG2MEGJ4vWVLjGdalOgQvkvc7Lw="></latexit><latexit sha1_base64="aG2MEGJ4vWVLjGdalOgQvkvc7Lw="></latexit><latexit sha1_base64="aG2MEGJ4vWVLjGdalOgQvkvc7Lw="></latexit>

is assumed*

Pair-production suffers from the phase space suppression.
MLQ > 2 TeV

<latexit sha1_base64="3lstk0G858prQOLfuWEpPfoj1AU="></latexit><latexit sha1_base64="3lstk0G858prQOLfuWEpPfoj1AU="></latexit><latexit sha1_base64="3lstk0G858prQOLfuWEpPfoj1AU="></latexit><latexit sha1_base64="3lstk0G858prQOLfuWEpPfoj1AU="></latexit>

at HL-LHCgq ! q⇤ ! SLQ + `
<latexit sha1_base64="rGSstDcwek0Xtz9PwqpuYQ3jiHs="></latexit><latexit sha1_base64="rGSstDcwek0Xtz9PwqpuYQ3jiHs="></latexit><latexit sha1_base64="rGSstDcwek0Xtz9PwqpuYQ3jiHs="></latexit><latexit sha1_base64="rGSstDcwek0Xtz9PwqpuYQ3jiHs="></latexit>

�single < 10�1fb
<latexit sha1_base64="oZh9w8zH/pgyfLOn1Ua7XqdR9BI="></latexit><latexit sha1_base64="oZh9w8zH/pgyfLOn1Ua7XqdR9BI="></latexit><latexit sha1_base64="oZh9w8zH/pgyfLOn1Ua7XqdR9BI="></latexit><latexit sha1_base64="oZh9w8zH/pgyfLOn1Ua7XqdR9BI="></latexit>

SLQ
<latexit sha1_base64="pjp7qpEGdXNG8aKbuRd3dQLWLvQ="></latexit><latexit sha1_base64="pjp7qpEGdXNG8aKbuRd3dQLWLvQ="></latexit><latexit sha1_base64="pjp7qpEGdXNG8aKbuRd3dQLWLvQ="></latexit><latexit sha1_base64="pjp7qpEGdXNG8aKbuRd3dQLWLvQ="></latexit>

SLQ
<latexit sha1_base64="4QBnoaUE2yMUaM7161lK1QAl9u0="></latexit><latexit sha1_base64="4QBnoaUE2yMUaM7161lK1QAl9u0="></latexit><latexit sha1_base64="4QBnoaUE2yMUaM7161lK1QAl9u0="></latexit><latexit sha1_base64="4QBnoaUE2yMUaM7161lK1QAl9u0="></latexit>

`�
<latexit sha1_base64="jQRj52xCl+yRkUuDadJd1gN6zFA="></latexit><latexit sha1_base64="jQRj52xCl+yRkUuDadJd1gN6zFA="></latexit><latexit sha1_base64="jQRj52xCl+yRkUuDadJd1gN6zFA="></latexit><latexit sha1_base64="jQRj52xCl+yRkUuDadJd1gN6zFA="></latexit>

j
<latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit>

j
<latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit><latexit sha1_base64="f0tTrmCpWblbnA33/9K+zFOTUUY="></latexit>

`+
<latexit sha1_base64="XxHD6SmGhl6Upj+KgJaokQjYWVk="></latexit><latexit sha1_base64="XxHD6SmGhl6Upj+KgJaokQjYWVk="></latexit><latexit sha1_base64="XxHD6SmGhl6Upj+KgJaokQjYWVk="></latexit><latexit sha1_base64="XxHD6SmGhl6Upj+KgJaokQjYWVk="></latexit>

g
<latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit><latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit><latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit><latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit>

p
<latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit>

p
<latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit>

LHC:

g ! SLQS
⇤
LQ ! 2j2`

<latexit sha1_base64="2FtF3ssrJ8BQOmkuZLxlIs9V8ao="></latexit><latexit sha1_base64="2FtF3ssrJ8BQOmkuZLxlIs9V8ao="></latexit><latexit sha1_base64="2FtF3ssrJ8BQOmkuZLxlIs9V8ao="></latexit><latexit sha1_base64="2FtF3ssrJ8BQOmkuZLxlIs9V8ao="></latexit>



Dilepton, aka Doubly charged boson
Production: EM Drell-Yan

@ILC-250

Crivellin et al., 1807.10224

Signal:             , resonance inMee
<latexit sha1_base64="r8bTG2M46oGzL1OlnHZqAG1UObQ="></latexit><latexit sha1_base64="r8bTG2M46oGzL1OlnHZqAG1UObQ="></latexit><latexit sha1_base64="r8bTG2M46oGzL1OlnHZqAG1UObQ="></latexit><latexit sha1_base64="r8bTG2M46oGzL1OlnHZqAG1UObQ="></latexit>

cf. Han et al. 0706.0441

  There is a dilepton search at ATLAS [1903.06248].  
However, it assumed that the dilepton also couples  
to quarks: qq̄ ! S ! ee

<latexit sha1_base64="DdYl1cz1vtPl+yGNhWAgCi/87+4="></latexit><latexit sha1_base64="DdYl1cz1vtPl+yGNhWAgCi/87+4="></latexit><latexit sha1_base64="DdYl1cz1vtPl+yGNhWAgCi/87+4="></latexit>

Future prospects of the searches for heavier dileptons

�
<latexit sha1_base64="7BDGxTaHU9n7bu07C9F48PXxK14="></latexit><latexit sha1_base64="7BDGxTaHU9n7bu07C9F48PXxK14="></latexit><latexit sha1_base64="7BDGxTaHU9n7bu07C9F48PXxK14="></latexit><latexit sha1_base64="7BDGxTaHU9n7bu07C9F48PXxK14="></latexit>

q
<latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit><latexit sha1_base64="2DhugRN5VcAOQ5S0KAVcFtcrkl8="></latexit>

q
<latexit sha1_base64="dzO86gozGLdKYqU+FVOj2H3NmYU="></latexit><latexit sha1_base64="dzO86gozGLdKYqU+FVOj2H3NmYU="></latexit><latexit sha1_base64="dzO86gozGLdKYqU+FVOj2H3NmYU="></latexit><latexit sha1_base64="dzO86gozGLdKYqU+FVOj2H3NmYU="></latexit>

e�
<latexit sha1_base64="JRFElxIgnRnxzCMIwSR5AP/t9fQ="></latexit><latexit sha1_base64="JRFElxIgnRnxzCMIwSR5AP/t9fQ="></latexit><latexit sha1_base64="JRFElxIgnRnxzCMIwSR5AP/t9fQ="></latexit><latexit sha1_base64="JRFElxIgnRnxzCMIwSR5AP/t9fQ="></latexit>

e�
<latexit sha1_base64="JRFElxIgnRnxzCMIwSR5AP/t9fQ="></latexit><latexit sha1_base64="JRFElxIgnRnxzCMIwSR5AP/t9fQ="></latexit><latexit sha1_base64="JRFElxIgnRnxzCMIwSR5AP/t9fQ="></latexit><latexit sha1_base64="JRFElxIgnRnxzCMIwSR5AP/t9fQ="></latexit>

e+
<latexit sha1_base64="tHFia/XXdOJC0eJQmNpiElABrxs="></latexit><latexit sha1_base64="tHFia/XXdOJC0eJQmNpiElABrxs="></latexit><latexit sha1_base64="tHFia/XXdOJC0eJQmNpiElABrxs="></latexit><latexit sha1_base64="tHFia/XXdOJC0eJQmNpiElABrxs="></latexit>

e+
<latexit sha1_base64="tHFia/XXdOJC0eJQmNpiElABrxs="></latexit><latexit sha1_base64="tHFia/XXdOJC0eJQmNpiElABrxs="></latexit><latexit sha1_base64="tHFia/XXdOJC0eJQmNpiElABrxs="></latexit><latexit sha1_base64="tHFia/XXdOJC0eJQmNpiElABrxs="></latexit>

S��
<latexit sha1_base64="t75OQU4NiSFIOKslIHKKOqIh9Cc="></latexit><latexit sha1_base64="t75OQU4NiSFIOKslIHKKOqIh9Cc="></latexit><latexit sha1_base64="t75OQU4NiSFIOKslIHKKOqIh9Cc="></latexit><latexit sha1_base64="t75OQU4NiSFIOKslIHKKOqIh9Cc="></latexit>

S++
<latexit sha1_base64="KcWwXGWSMj6URFS20FiemuzKVX4="></latexit><latexit sha1_base64="KcWwXGWSMj6URFS20FiemuzKVX4="></latexit><latexit sha1_base64="KcWwXGWSMj6URFS20FiemuzKVX4="></latexit><latexit sha1_base64="KcWwXGWSMj6URFS20FiemuzKVX4="></latexit>

p
<latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit>

p
<latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit><latexit sha1_base64="TH7Uevpqna719rsLkzfbCPHZBsY="></latexit>

q S
<latexit sha1_base64="9i5Iuz7wiR79edEncuHlrldPfLY="></latexit><latexit sha1_base64="9i5Iuz7wiR79edEncuHlrldPfLY="></latexit><latexit sha1_base64="9i5Iuz7wiR79edEncuHlrldPfLY="></latexit><latexit sha1_base64="9i5Iuz7wiR79edEncuHlrldPfLY="></latexit>

We have only

HL
-L

HC

To produce a pair of them, we need high       = HE-LHC
p
s

<latexit sha1_base64="51LNcnZ65sPOicnwCdgHf4XDkGg="></latexit><latexit sha1_base64="51LNcnZ65sPOicnwCdgHf4XDkGg="></latexit><latexit sha1_base64="51LNcnZ65sPOicnwCdgHf4XDkGg="></latexit><latexit sha1_base64="51LNcnZ65sPOicnwCdgHf4XDkGg="></latexit>

MS > 8TeV
<latexit sha1_base64="ZKq1uaQvjZPtI3JAngBD+XRXQY8=">AAADnXichVLNThRBEK5l/MH1h0U9mHiZuIvxtOk1JoIHQzQxHtAAy7Ik7GYzMzRsh/nLTO8qTPYFeAEOXpTEA/oYXnwBDzyC8YiJFw9+XTuwAQJ2p2eqv6qvqr/qdmNfpVqIg8KYdenylavj14rXb9y8NVGavL2cRr3Ekw0v8qNkxXVS6atQNrTSvlyJE+kEri+b7uZL42/2ZZKqKFzSW7FsB85GqNaV52hAndLdN52sPrCf29 N2S8v3OluSy4NOqSyqgod91qjlRpnyMR9NFmaoRWsUkUc9CkhSSBq2Tw6lmKtUI0ExsDZlwBJYiv2SBlQEt4coiQgH6Ca+G9it5miIvcmZMttDFR8rAdOmKfFD7ItD8V18FT/F33NzZZzDnGULf3fIlXFnYude/c9/WQH+mroj1gWMo9gE3nUs5hyjKWKTCxVrsKZZqYLymBHTA2+Yqb+9e1h/tjiVPRR74hfUfxIH4hv0h/3f3ucFufiBsyfMkfSO+xVw/RA3lMHXB26ymVtpM+JyT9eOu2N2GXtGagJUL4Mx4FnkKudVqOc33z1RJcJ04FHQGjLShVYFpILc5v0o7kMPqm1gI3+Lu2ZWhc9QMWfAK62dfpNnjcbj6ky1tvCkPPsif67jdJ8e0COkeUqz9JrmqYHU2/SR9umLZVuvrDnr7TB0rJBz7tCJYTX/ARDDyFA=</latexit><latexit sha1_base64="ZKq1uaQvjZPtI3JAngBD+XRXQY8=">AAADnXichVLNThRBEK5l/MH1h0U9mHiZuIvxtOk1JoIHQzQxHtAAy7Ik7GYzMzRsh/nLTO8qTPYFeAEOXpTEA/oYXnwBDzyC8YiJFw9+XTuwAQJ2p2eqv6qvqr/qdmNfpVqIg8KYdenylavj14rXb9y8NVGavL2cRr3Ekw0v8qNkxXVS6atQNrTSvlyJE+kEri+b7uZL42/2ZZKqKFzSW7FsB85GqNaV52hAndLdN52sPrCf29 N2S8v3OluSy4NOqSyqgod91qjlRpnyMR9NFmaoRWsUkUc9CkhSSBq2Tw6lmKtUI0ExsDZlwBJYiv2SBlQEt4coiQgH6Ca+G9it5miIvcmZMttDFR8rAdOmKfFD7ItD8V18FT/F33NzZZzDnGULf3fIlXFnYude/c9/WQH+mroj1gWMo9gE3nUs5hyjKWKTCxVrsKZZqYLymBHTA2+Yqb+9e1h/tjiVPRR74hfUfxIH4hv0h/3f3ucFufiBsyfMkfSO+xVw/RA3lMHXB26ymVtpM+JyT9eOu2N2GXtGagJUL4Mx4FnkKudVqOc33z1RJcJ04FHQGjLShVYFpILc5v0o7kMPqm1gI3+Lu2ZWhc9QMWfAK62dfpNnjcbj6ky1tvCkPPsif67jdJ8e0COkeUqz9JrmqYHU2/SR9umLZVuvrDnr7TB0rJBz7tCJYTX/ARDDyFA=</latexit><latexit sha1_base64="ZKq1uaQvjZPtI3JAngBD+XRXQY8=">AAADnXichVLNThRBEK5l/MH1h0U9mHiZuIvxtOk1JoIHQzQxHtAAy7Ik7GYzMzRsh/nLTO8qTPYFeAEOXpTEA/oYXnwBDzyC8YiJFw9+XTuwAQJ2p2eqv6qvqr/qdmNfpVqIg8KYdenylavj14rXb9y8NVGavL2cRr3Ekw0v8qNkxXVS6atQNrTSvlyJE+kEri+b7uZL42/2ZZKqKFzSW7FsB85GqNaV52hAndLdN52sPrCf29 N2S8v3OluSy4NOqSyqgod91qjlRpnyMR9NFmaoRWsUkUc9CkhSSBq2Tw6lmKtUI0ExsDZlwBJYiv2SBlQEt4coiQgH6Ca+G9it5miIvcmZMttDFR8rAdOmKfFD7ItD8V18FT/F33NzZZzDnGULf3fIlXFnYude/c9/WQH+mroj1gWMo9gE3nUs5hyjKWKTCxVrsKZZqYLymBHTA2+Yqb+9e1h/tjiVPRR74hfUfxIH4hv0h/3f3ucFufiBsyfMkfSO+xVw/RA3lMHXB26ymVtpM+JyT9eOu2N2GXtGagJUL4Mx4FnkKudVqOc33z1RJcJ04FHQGjLShVYFpILc5v0o7kMPqm1gI3+Lu2ZWhc9QMWfAK62dfpNnjcbj6ky1tvCkPPsif67jdJ8e0COkeUqz9JrmqYHU2/SR9umLZVuvrDnr7TB0rJBz7tCJYTX/ARDDyFA=</latexit><latexit sha1_base64="ZKq1uaQvjZPtI3JAngBD+XRXQY8=">AAADnXichVLNThRBEK5l/MH1h0U9mHiZuIvxtOk1JoIHQzQxHtAAy7Ik7GYzMzRsh/nLTO8qTPYFeAEOXpTEA/oYXnwBDzyC8YiJFw9+XTuwAQJ2p2eqv6qvqr/qdmNfpVqIg8KYdenylavj14rXb9y8NVGavL2cRr3Ekw0v8qNkxXVS6atQNrTSvlyJE+kEri+b7uZL42/2ZZKqKFzSW7FsB85GqNaV52hAndLdN52sPrCf29 N2S8v3OluSy4NOqSyqgod91qjlRpnyMR9NFmaoRWsUkUc9CkhSSBq2Tw6lmKtUI0ExsDZlwBJYiv2SBlQEt4coiQgH6Ca+G9it5miIvcmZMttDFR8rAdOmKfFD7ItD8V18FT/F33NzZZzDnGULf3fIlXFnYude/c9/WQH+mroj1gWMo9gE3nUs5hyjKWKTCxVrsKZZqYLymBHTA2+Yqb+9e1h/tjiVPRR74hfUfxIH4hv0h/3f3ucFufiBsyfMkfSO+xVw/RA3lMHXB26ymVtpM+JyT9eOu2N2GXtGagJUL4Mx4FnkKudVqOc33z1RJcJ04FHQGjLShVYFpILc5v0o7kMPqm1gI3+Lu2ZWhc9QMWfAK62dfpNnjcbj6ky1tvCkPPsif67jdJ8e0COkeUqz9JrmqYHU2/SR9umLZVuvrDnr7TB0rJBz7tCJYTX/ARDDyFA=</latexit>

(with O(1) coupling) (through Bhabha scattering)
Crivellin et al., 

  1807.10224

pp ! 4e
<latexit sha1_base64="M0H8Gml9FCEIrjfQ4m3gLBnvOpM="></latexit><latexit sha1_base64="M0H8Gml9FCEIrjfQ4m3gLBnvOpM="></latexit><latexit sha1_base64="M0H8Gml9FCEIrjfQ4m3gLBnvOpM="></latexit><latexit sha1_base64="M0H8Gml9FCEIrjfQ4m3gLBnvOpM="></latexit>

LH
C 

ru
n3



Coloured fermion mediators
Colour-8 fermion (gluino-like)

Gluino in RpV SUSY ATLAS, 1804.03568

Production: Pair-produced through g

Carquin et al., 1904.07257

cf. Octet boson@LHC, Chen et al.,1410.8113 

Gluino in SUSY g̃ ! qq̃⇤ ! qq̄�0
1

<latexit sha1_base64="eXebBefq//TijWWG2oz4lNM3oq4="></latexit><latexit sha1_base64="eXebBefq//TijWWG2oz4lNM3oq4="></latexit><latexit sha1_base64="eXebBefq//TijWWG2oz4lNM3oq4="></latexit><latexit sha1_base64="eXebBefq//TijWWG2oz4lNM3oq4="></latexit>

 (8) ! qSLQ ! qq̄`
<latexit sha1_base64="SCJQaDBJL3mq79TVqdyjQ/HPM/M="></latexit><latexit sha1_base64="SCJQaDBJL3mq79TVqdyjQ/HPM/M="></latexit><latexit sha1_base64="SCJQaDBJL3mq79TVqdyjQ/HPM/M="></latexit><latexit sha1_base64="SCJQaDBJL3mq79TVqdyjQ/HPM/M="></latexit>

 (8) ! qqq
<latexit sha1_base64="r5aU4KiMbS5M7e4f+GKr1FOgG5A="></latexit><latexit sha1_base64="r5aU4KiMbS5M7e4f+GKr1FOgG5A="></latexit><latexit sha1_base64="r5aU4KiMbS5M7e4f+GKr1FOgG5A="></latexit><latexit sha1_base64="r5aU4KiMbS5M7e4f+GKr1FOgG5A="></latexit>

Signal:

LHC run-III will set the bound at M > 2.5TeV
<latexit sha1_base64="5vYv7Q8cQ6BPINUzZgjUXpzmggE="></latexit><latexit sha1_base64="5vYv7Q8cQ6BPINUzZgjUXpzmggE="></latexit><latexit sha1_base64="5vYv7Q8cQ6BPINUzZgjUXpzmggE="></latexit><latexit sha1_base64="5vYv7Q8cQ6BPINUzZgjUXpzmggE="></latexit>

pp !  (8) (8) ! 2q2q`+`�
<latexit sha1_base64="yOfWSTU/G/Y1qSIQ9kW7RKuvNDA="></latexit><latexit sha1_base64="yOfWSTU/G/Y1qSIQ9kW7RKuvNDA="></latexit><latexit sha1_base64="yOfWSTU/G/Y1qSIQ9kW7RKuvNDA="></latexit><latexit sha1_base64="yOfWSTU/G/Y1qSIQ9kW7RKuvNDA="></latexit>

3j
2j+Missing E

2j+a lepton



Coloured fermion mediators
Colour-8 fermion (gluino-like)

Colour-3 fermion (vector-like quark)

Signal: Depends on the int. VLQs have

cf. Nikiforou, 1808.04695

Gluino in RpV SUSY ATLAS, 1804.03568

Production: Pair-produced through g

Carquin et al., 1904.07257

cf. Octet boson@LHC, Chen et al.,1410.8113 

Gluino in SUSY g̃ ! qq̃⇤ ! qq̄�0
1

<latexit sha1_base64="eXebBefq//TijWWG2oz4lNM3oq4="></latexit><latexit sha1_base64="eXebBefq//TijWWG2oz4lNM3oq4="></latexit><latexit sha1_base64="eXebBefq//TijWWG2oz4lNM3oq4="></latexit><latexit sha1_base64="eXebBefq//TijWWG2oz4lNM3oq4="></latexit>

 (8) ! qSLQ ! qq̄`
<latexit sha1_base64="SCJQaDBJL3mq79TVqdyjQ/HPM/M="></latexit><latexit sha1_base64="SCJQaDBJL3mq79TVqdyjQ/HPM/M="></latexit><latexit sha1_base64="SCJQaDBJL3mq79TVqdyjQ/HPM/M="></latexit><latexit sha1_base64="SCJQaDBJL3mq79TVqdyjQ/HPM/M="></latexit>

 (8) ! qqq
<latexit sha1_base64="r5aU4KiMbS5M7e4f+GKr1FOgG5A="></latexit><latexit sha1_base64="r5aU4KiMbS5M7e4f+GKr1FOgG5A="></latexit><latexit sha1_base64="r5aU4KiMbS5M7e4f+GKr1FOgG5A="></latexit><latexit sha1_base64="r5aU4KiMbS5M7e4f+GKr1FOgG5A="></latexit>

Signal:

LHC run-III will set the bound at M > 2.5TeV
<latexit sha1_base64="5vYv7Q8cQ6BPINUzZgjUXpzmggE="></latexit><latexit sha1_base64="5vYv7Q8cQ6BPINUzZgjUXpzmggE="></latexit><latexit sha1_base64="5vYv7Q8cQ6BPINUzZgjUXpzmggE="></latexit><latexit sha1_base64="5vYv7Q8cQ6BPINUzZgjUXpzmggE="></latexit>

* Search for 6 should be essentially the same

Production: Pair-produced through g

 (3) ! uS ! uue
<latexit sha1_base64="YWSxrFs6tbxR9O3UtmN6Ea4X8Cc="></latexit><latexit sha1_base64="YWSxrFs6tbxR9O3UtmN6Ea4X8Cc="></latexit><latexit sha1_base64="YWSxrFs6tbxR9O3UtmN6Ea4X8Cc="></latexit><latexit sha1_base64="YWSxrFs6tbxR9O3UtmN6Ea4X8Cc="></latexit>

e.g.,
Typically the bounds are around ~1 TeV

pp !  (8) (8) ! 2q2q`+`�
<latexit sha1_base64="yOfWSTU/G/Y1qSIQ9kW7RKuvNDA="></latexit><latexit sha1_base64="yOfWSTU/G/Y1qSIQ9kW7RKuvNDA="></latexit><latexit sha1_base64="yOfWSTU/G/Y1qSIQ9kW7RKuvNDA="></latexit><latexit sha1_base64="yOfWSTU/G/Y1qSIQ9kW7RKuvNDA="></latexit>

3j
2j+Missing E

2j+a lepton



N
<latexit sha1_base64="c5tZ+e5ILHUjSJmE2Co+NKRgKkA="></latexit><latexit sha1_base64="c5tZ+e5ILHUjSJmE2Co+NKRgKkA="></latexit><latexit sha1_base64="c5tZ+e5ILHUjSJmE2Co+NKRgKkA="></latexit><latexit sha1_base64="c5tZ+e5ILHUjSJmE2Co+NKRgKkA="></latexit>

`�
<latexit sha1_base64="6zt39fALWouC4ihXq13ZK7s1fOY="></latexit><latexit sha1_base64="6zt39fALWouC4ihXq13ZK7s1fOY="></latexit><latexit sha1_base64="6zt39fALWouC4ihXq13ZK7s1fOY="></latexit><latexit sha1_base64="6zt39fALWouC4ihXq13ZK7s1fOY="></latexit>

`�
<latexit sha1_base64="6zt39fALWouC4ihXq13ZK7s1fOY="></latexit><latexit sha1_base64="6zt39fALWouC4ihXq13ZK7s1fOY="></latexit><latexit sha1_base64="6zt39fALWouC4ihXq13ZK7s1fOY="></latexit><latexit sha1_base64="6zt39fALWouC4ihXq13ZK7s1fOY="></latexit>

d
<latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit><latexit sha1_base64="ENTJ8d6PDCQzFVYZQLVl0+ZvjE0="></latexit>

ū
<latexit sha1_base64="oJU8t+XDCB37PQO6Fj/HGlKp8Ag="></latexit><latexit sha1_base64="oJU8t+XDCB37PQO6Fj/HGlKp8Ag="></latexit><latexit sha1_base64="oJU8t+XDCB37PQO6Fj/HGlKp8Ag="></latexit><latexit sha1_base64="oJU8t+XDCB37PQO6Fj/HGlKp8Ag="></latexit> u

<latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit><latexit sha1_base64="4qxFRCwPbPZnmKwYQh4DzYDu/jc="></latexit>
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LNV

Neutral fermion mediators
SM v, sterile v, TeV N, etc…

Typical signal for TeV N is pp ! ``jj
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Direct test of NP  
contribution to 0v2b

cf. Talk by Deppisch

LHC bounds depend  
on the “ingredients”
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0v2b

WR-N-WR, CMS 1803.11116,

                 ATLAS 1809.11105.
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Neutral fermion mediators 

inspired by TeV seesaw W-N-W, CMS 1806.10905
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LNV

SM v, sterile v, TeV N, etc…
Typical signal for TeV N is pp ! ``jj
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Direct test of NP  
contribution to 0v2b

LHC bounds depend 
on the “ingredients”
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Summary for Part 1: NP in 0v2b

Caveat: Long-range mediator 

Decompositions with a diquark (or two) have already been 
strongly constrained at LHC

Conflict in neutrino mass searches may suggest NP in 0v2b
0v2b experiments are sensitive to NP at TeV

HL-LHC may help bound high mass LQ (Single production)
ILC can exclude the possibilities with a doubly charged scalar

etc…

cf. Talk by Deppisch

Caveat: Neutrino mass bound from cosmology is based on the SM of cosmology.  
             H0 tension -              is missing something?  
                                         bound in the solutions for the H0 tension…?
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bound is different, search strategy is different

Collider searches for the Mediators

⇤
NP

= 4 TeV


0.05eV

|m�� |exp.

�
1/5

<latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit><latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit><latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit><latexit sha1_base64="EMp/tYPnzBahU6oulxE3LrGxgk8="></latexit>

complementary with LHC, ILC, etc.

MS > 7.2TeV
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What does “NDE” originally stand for?
Rare decay #2: Proton decays

of Kamioka-NDE



v detectors in 2020s

260 kt (Fiducial 190 kt)
Water Cherenkov

Expected to start in 2026

17kt
58m

12m

14m

Liquid Ar TPC

Installation of the 1st module in 2025

20 kt liquid scintillator
(35kt water Cherenkov veto)

Start taking data in 2021

Proposal:  
2nd detector in Korea
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MEXT: green-light to the construction

4    17 kt (Fiducial 10 kt) modules⇥
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Nucleon Decay Experiments
v Detection Experiments

=

35m

20kt

Talk by De Roeck



v detectors in future Nucleon Decay Experiments
v Detection Experiments

=

European Spallation Source v SuperBeam
https://essnusb.eu

1st proton on target in 2023 

ESS@Lund, Sweden in Apr. 2019
cf. Talk by Dracos @ICHEP 20182nd osc. maximum

�m2
atm.L
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⇠ 3⇡

2
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MEMPYHS (MEga-ton Mass PHYSics) proposal
0.5 Mt (fiducial) WC

(240k 8’’PMTs, 30% photo cover.)

LAGUNA, hep-ex/0607026

https://essnusb.eu


People who started NDEs were 
motivated by the grand unifications…



GUT     Proton decay
Why GUT? qp + qe = 0
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GUT     Proton decay
Why GUT?

Quarks and leptons in a box
qp + qe = 0
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GUT     Proton decay
Why GUT?

Quarks and leptons in a box

It suggests…

which is reachable with an O(1) kt detector in a year.
⌧(p ! ⇡0e+) ⇠ O(1032) yrs
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Georgi Quinn Weinberg (1974)

Lifetime is  
roughly…

qp + qe = 0
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Past, now and future of “NDEs”

Snowmass report 1311.5285 
For update, cf. PDG

~1 kt Fe 
1989-2001?

1 kt WC  
1983-1995

3.3 kt WC  
1982-1991

22.5 kt WC  
1996-

~1 kt Fe 
1985-1990

90%CL

For DUNE&HK, e.g., Miura, talk at WIN2017

DUNE

HK
(3�)
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Naive GUT expectation
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Naive GUT expectation

GUT    Proton decay

w. a bottom up app.
Review the possibilities
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Proton decay    GUT?

Can the other modes

Naive GUT expectation

GUT    Proton decay

tell us something?

w. a bottom up app.? Review the possibilities



Bottom up approach - SMEFT
At d=4, SM conserves B and L (at the perturbative level) 
At d=5, SMEFT accommodates Majorana masses for neutrinos, 

�L = 2
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Weinberg (1979)



Bottom up approach - SMEFT
At d=4, SM conserves B and L (at the perturbative level) 

At d=6, SMEFT violates B+L (conserves B-L)

At d=5, SMEFT accommodates Majorana masses for neutrinos, 
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Weinberg (1979)

Weinberg (1979), Wilczek&Zee (1979), Abbott&Wise (1980)

Four-Fermi ops. with

They lead to 2-body proton decays,         meson + anti-leptonp !
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The effective operators suggest…
If we have at the next NDEs…p ! ⇡+ +missing

<latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit>

⌫ ⇢ [dRuR][QL], [QQ][QL]
<latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit>

⌧p ⇠ 1033yrs
<latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit>



The effective operators suggest…
If we have at the next NDEs…

We should also have p ! ⇡0 + `+
<latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit><latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit><latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit><latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit>

p ! ⇡0 + e+/µ+
<latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit><latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit><latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit><latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit>

p ! ⇡+ +missing
<latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit>

⌫ ⇢ [dRuR][QL], [QQ][QL]
<latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit>

have
already been constrained

⌧p > 1034yrs
<latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit><latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit><latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit><latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit>

⌧p ⇠ 1033yrs
<latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit>

but…
at

p ! ⇡+ + ⌫̄e,µ
<latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit><latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit><latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit><latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit>

suppressed at the same level.
should be



The effective operators suggest…
If we have at the next NDEs…

which may be caused by
B+L is violated only with the 3rd gen. lepton. 
- A hint to the flavor structure

p ! ⇡+ + ⌫̄⌧
<latexit sha1_base64="HWKoM5uPDk8C5cseVzsXTA+nv+M="></latexit><latexit sha1_base64="HWKoM5uPDk8C5cseVzsXTA+nv+M="></latexit><latexit sha1_base64="HWKoM5uPDk8C5cseVzsXTA+nv+M="></latexit><latexit sha1_base64="HWKoM5uPDk8C5cseVzsXTA+nv+M="></latexit>

We should also have p ! ⇡0 + `+
<latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit><latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit><latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit><latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit>

Then, if we will discover solely
p ! ⇡+ +missing

<latexit sha1_base64="MCq5yCsyByH1F0BgwrQ6Y5qhiW8="></latexit><latexit sha1_base64="MCq5yCsyByH1F0BgwrQ6Y5qhiW8="></latexit><latexit sha1_base64="MCq5yCsyByH1F0BgwrQ6Y5qhiW8="></latexit><latexit sha1_base64="MCq5yCsyByH1F0BgwrQ6Y5qhiW8="></latexit>

p ! ⇡+ + ⌫̄e,µ
<latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit><latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit><latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit><latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit>

suppressed at the same level.

p ! ⇡0 + e+/µ+
<latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit><latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit><latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit><latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit>

p ! ⇡+ +missing
<latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit>

⌫ ⇢ [dRuR][QL], [QQ][QL]
<latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit>

have
already been constrained

⌧p > 1034yrs
<latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit><latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit><latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit><latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit>

⌧p ⇠ 1033yrs
<latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit>

should be
but…

at



The effective operators suggest…
If we have at the next NDEs…

which may be caused by
B+L is violated only with the 3rd gen. lepton. 
- A hint to the flavor structure

or

SM singlet fermion, aka sterile neutrino

No charged lepton counterpart

p ! ⇡+ + ⌫̄⌧
<latexit sha1_base64="HWKoM5uPDk8C5cseVzsXTA+nv+M="></latexit><latexit sha1_base64="HWKoM5uPDk8C5cseVzsXTA+nv+M="></latexit><latexit sha1_base64="HWKoM5uPDk8C5cseVzsXTA+nv+M="></latexit><latexit sha1_base64="HWKoM5uPDk8C5cseVzsXTA+nv+M="></latexit>

p ! ⇡+ + ⌫̄s
<latexit sha1_base64="TudDgF1N1Hbyo4DocK1QlIOvKNw="></latexit><latexit sha1_base64="TudDgF1N1Hbyo4DocK1QlIOvKNw="></latexit><latexit sha1_base64="TudDgF1N1Hbyo4DocK1QlIOvKNw="></latexit><latexit sha1_base64="TudDgF1N1Hbyo4DocK1QlIOvKNw="></latexit>

We should also have p ! ⇡0 + `+
<latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit><latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit><latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit><latexit sha1_base64="JRLMmTRGRSJijfR0SO509Zk+/ww="></latexit>

Then, if we will discover solely
p ! ⇡+ +missing

<latexit sha1_base64="MCq5yCsyByH1F0BgwrQ6Y5qhiW8="></latexit><latexit sha1_base64="MCq5yCsyByH1F0BgwrQ6Y5qhiW8="></latexit><latexit sha1_base64="MCq5yCsyByH1F0BgwrQ6Y5qhiW8="></latexit><latexit sha1_base64="MCq5yCsyByH1F0BgwrQ6Y5qhiW8="></latexit>

p ! ⇡+ + ⌫̄e,µ
<latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit><latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit><latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit><latexit sha1_base64="+9fPj1Hd0wkQD6hgWa1DEdzAsH8="></latexit>

suppressed at the same level.

p ! ⇡0 + e+/µ+
<latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit><latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit><latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit><latexit sha1_base64="fKa286BHub0jfLkP2gKgXdtIqVs="></latexit>

p ! ⇡+ +missing
<latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit><latexit sha1_base64="KPBBQ0trf0L86KIY+ZLrID8p6e4="></latexit>

⌫ ⇢ [dRuR][QL], [QQ][QL]
<latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit><latexit sha1_base64="pSumP0HxPYqrjNZyJpdg98MmpqM="></latexit>

have
already been constrained

⌧p > 1034yrs
<latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit><latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit><latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit><latexit sha1_base64="a276Svym5oTwbcy29jPU8vtJmUk="></latexit>

⌧p ⇠ 1033yrs
<latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit><latexit sha1_base64="lwJfidzolpxiBZ3Ci0qTKzwJDhY="></latexit>

should be
but…

at



A model for 
There are two additional effective operators with

p ! ⇡+ +N
<latexit sha1_base64="x7ToZnVI9FqxHG/Rsde69Fb7MxM="></latexit><latexit sha1_base64="x7ToZnVI9FqxHG/Rsde69Fb7MxM="></latexit><latexit sha1_base64="x7ToZnVI9FqxHG/Rsde69Fb7MxM="></latexit><latexit sha1_base64="x7ToZnVI9FqxHG/Rsde69Fb7MxM="></latexit>

ON1 = (QQ)(dRN)
<latexit sha1_base64="3ZIqzv05H5vrsvqdfJwemHAc3Oo="></latexit><latexit sha1_base64="3ZIqzv05H5vrsvqdfJwemHAc3Oo="></latexit><latexit sha1_base64="3ZIqzv05H5vrsvqdfJwemHAc3Oo="></latexit><latexit sha1_base64="3ZIqzv05H5vrsvqdfJwemHAc3Oo="></latexit>

ON2 = (uRdR)(dRN)
<latexit sha1_base64="4i8P2ENWRS0W5aEBf2XQfNiVy0I="></latexit><latexit sha1_base64="4i8P2ENWRS0W5aEBf2XQfNiVy0I="></latexit><latexit sha1_base64="4i8P2ENWRS0W5aEBf2XQfNiVy0I="></latexit><latexit sha1_base64="4i8P2ENWRS0W5aEBf2XQfNiVy0I="></latexit>

Light N has rich phenomenology

cf. e.g., Alonso et al.,

              1405.0486

N = ⌫s
<latexit sha1_base64="8SK0eicSuC9RTtEKw4m+HfSCPwQ="></latexit><latexit sha1_base64="8SK0eicSuC9RTtEKw4m+HfSCPwQ="></latexit><latexit sha1_base64="8SK0eicSuC9RTtEKw4m+HfSCPwQ="></latexit><latexit sha1_base64="8SK0eicSuC9RTtEKw4m+HfSCPwQ="></latexit>



A model for 

Smallness of neutrino masses       Longevity of protons

There are two additional effective operators with

p ! ⇡+ +N
<latexit sha1_base64="x7ToZnVI9FqxHG/Rsde69Fb7MxM="></latexit><latexit sha1_base64="x7ToZnVI9FqxHG/Rsde69Fb7MxM="></latexit><latexit sha1_base64="x7ToZnVI9FqxHG/Rsde69Fb7MxM="></latexit><latexit sha1_base64="x7ToZnVI9FqxHG/Rsde69Fb7MxM="></latexit>

ON1 = (QQ)(dRN)
<latexit sha1_base64="3ZIqzv05H5vrsvqdfJwemHAc3Oo="></latexit><latexit sha1_base64="3ZIqzv05H5vrsvqdfJwemHAc3Oo="></latexit><latexit sha1_base64="3ZIqzv05H5vrsvqdfJwemHAc3Oo="></latexit><latexit sha1_base64="3ZIqzv05H5vrsvqdfJwemHAc3Oo="></latexit>

ON2 = (uRdR)(dRN)
<latexit sha1_base64="4i8P2ENWRS0W5aEBf2XQfNiVy0I="></latexit><latexit sha1_base64="4i8P2ENWRS0W5aEBf2XQfNiVy0I="></latexit><latexit sha1_base64="4i8P2ENWRS0W5aEBf2XQfNiVy0I="></latexit><latexit sha1_base64="4i8P2ENWRS0W5aEBf2XQfNiVy0I="></latexit>

Dirac neutrino mass

Proton decay

Light N has rich phenomenology

NLH
<latexit sha1_base64="JS2D6/Ss7fAV6OJyF4JJy4RtkqI="></latexit><latexit sha1_base64="JS2D6/Ss7fAV6OJyF4JJy4RtkqI="></latexit><latexit sha1_base64="JS2D6/Ss7fAV6OJyF4JJy4RtkqI="></latexit><latexit sha1_base64="JS2D6/Ss7fAV6OJyF4JJy4RtkqI="></latexit>

Helo et al., 

1803.00035

⌘(1,2)+1/2
<latexit sha1_base64="Gl54nqBaQRBIw5LGTsUQ3vIaS1Y="></latexit><latexit sha1_base64="Gl54nqBaQRBIw5LGTsUQ3vIaS1Y="></latexit><latexit sha1_base64="Gl54nqBaQRBIw5LGTsUQ3vIaS1Y="></latexit><latexit sha1_base64="Gl54nqBaQRBIw5LGTsUQ3vIaS1Y="></latexit>

S0(1,1)0
<latexit sha1_base64="LTYJDfenbmlXzQHJw1yc19Y+1gk="></latexit><latexit sha1_base64="LTYJDfenbmlXzQHJw1yc19Y+1gk="></latexit><latexit sha1_base64="LTYJDfenbmlXzQHJw1yc19Y+1gk="></latexit><latexit sha1_base64="LTYJDfenbmlXzQHJw1yc19Y+1gk="></latexit>

 0(1,1)0
<latexit sha1_base64="V1jWyYHgaqTfOd/kvLxmM/BZQWM="></latexit><latexit sha1_base64="V1jWyYHgaqTfOd/kvLxmM/BZQWM="></latexit><latexit sha1_base64="V1jWyYHgaqTfOd/kvLxmM/BZQWM="></latexit>

S(3,1)�1/3
<latexit sha1_base64="2/S3R7In76z4NmLBmQBiGEEqRmY="></latexit><latexit sha1_base64="2/S3R7In76z4NmLBmQBiGEEqRmY="></latexit><latexit sha1_base64="2/S3R7In76z4NmLBmQBiGEEqRmY="></latexit><latexit sha1_base64="2/S3R7In76z4NmLBmQBiGEEqRmY="></latexit>

 (3,2)�1/6
<latexit sha1_base64="YWHjM1va6RSgfqu0DgId0KAGiTM="></latexit><latexit sha1_base64="YWHjM1va6RSgfqu0DgId0KAGiTM="></latexit><latexit sha1_base64="YWHjM1va6RSgfqu0DgId0KAGiTM="></latexit><latexit sha1_base64="YWHjM1va6RSgfqu0DgId0KAGiTM="></latexit>

with 2 vector-like fermions and 3 scalars

If         ~TeV,  the size of the couplings Ys are roughlyM,µ
<latexit sha1_base64="Dc3PacSzYJU3Wh6691OwaX2pGz0="></latexit><latexit sha1_base64="Dc3PacSzYJU3Wh6691OwaX2pGz0="></latexit><latexit sha1_base64="Dc3PacSzYJU3Wh6691OwaX2pGz0="></latexit><latexit sha1_base64="Dc3PacSzYJU3Wh6691OwaX2pGz0="></latexit>

O(10�5)
<latexit sha1_base64="5CyN5LaOuwRfPZ+WJ3z0ARBRfS0="></latexit><latexit sha1_base64="5CyN5LaOuwRfPZ+WJ3z0ARBRfS0="></latexit><latexit sha1_base64="5CyN5LaOuwRfPZ+WJ3z0ARBRfS0="></latexit><latexit sha1_base64="5CyN5LaOuwRfPZ+WJ3z0ARBRfS0="></latexit>

for m⌫ ⇠ O(0.1) eV
<latexit sha1_base64="uhl56gbXARTnScUIpDgXloviDYs="></latexit><latexit sha1_base64="uhl56gbXARTnScUIpDgXloviDYs="></latexit><latexit sha1_base64="uhl56gbXARTnScUIpDgXloviDYs="></latexit><latexit sha1_base64="uhl56gbXARTnScUIpDgXloviDYs="></latexit>

⌧p ⇠ O(1032) yrs
<latexit sha1_base64="fkXBCfXDTTqZUt377DpzT6okhPI="></latexit><latexit sha1_base64="fkXBCfXDTTqZUt377DpzT6okhPI="></latexit><latexit sha1_base64="fkXBCfXDTTqZUt377DpzT6okhPI="></latexit><latexit sha1_base64="fkXBCfXDTTqZUt377DpzT6okhPI="></latexit>

cf. e.g., Alonso et al.,

              1405.0486

N = ⌫s
<latexit sha1_base64="8SK0eicSuC9RTtEKw4m+HfSCPwQ="></latexit><latexit sha1_base64="8SK0eicSuC9RTtEKw4m+HfSCPwQ="></latexit><latexit sha1_base64="8SK0eicSuC9RTtEKw4m+HfSCPwQ="></latexit><latexit sha1_base64="8SK0eicSuC9RTtEKw4m+HfSCPwQ="></latexit>



A systematic list of the models…
Decompose the eff. ops into…

Helo et al., 

1904.00036

*Decomposition at tree = Leptoquarks



List of the models…
Decompose the eff. ops into…

*Decomposition at tree = Leptoquarks

Ch
oi

ce
s 

fo
r t

he
 S

U(
3)

 c
ol

ou
r Common for all    sO

<latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit><latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit><latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit><latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit>

 
<latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit><latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit><latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit><latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit>

 0
<latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit><latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit><latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit><latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit>

S
<latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit><latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit><latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit><latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit>

S0
<latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit><latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit><latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit><latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit>

Helo et al., 

1904.00036

Mediators



List of the models…
Decompose the eff. ops into…

⌦
<latexit sha1_base64="QfvoHqr8co1p8b/DEsA6kGByJ00="></latexit><latexit sha1_base64="QfvoHqr8co1p8b/DEsA6kGByJ00="></latexit><latexit sha1_base64="QfvoHqr8co1p8b/DEsA6kGByJ00="></latexit><latexit sha1_base64="QfvoHqr8co1p8b/DEsA6kGByJ00="></latexit>

Ch
oi

ce
s 

fo
r t

he
 S

U(
3)

 c
ol

ou
r 

(qq0)(q00`)
<latexit sha1_base64="Erw+/rPseDPzkd2LNd4XKNV1ahE="></latexit><latexit sha1_base64="Erw+/rPseDPzkd2LNd4XKNV1ahE="></latexit><latexit sha1_base64="Erw+/rPseDPzkd2LNd4XKNV1ahE="></latexit><latexit sha1_base64="Erw+/rPseDPzkd2LNd4XKNV1ahE="></latexit>

Ch
oi

ce
s 

fo
r t

he
 S

U(
2)

   
U(

1)
 

Common for all    sO
<latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit><latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit><latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit><latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit>

⇥<latexit sha1_base64="sONojOx1DCoJic0EaTmXILprsis="></latexit><latexit sha1_base64="sONojOx1DCoJic0EaTmXILprsis="></latexit><latexit sha1_base64="sONojOx1DCoJic0EaTmXILprsis="></latexit><latexit sha1_base64="sONojOx1DCoJic0EaTmXILprsis="></latexit>

For O1 = [dRuR][QL]
<latexit sha1_base64="0Kc3jM2NnNCxQ50zNG9Zkqugzn0="></latexit><latexit sha1_base64="0Kc3jM2NnNCxQ50zNG9Zkqugzn0="></latexit><latexit sha1_base64="0Kc3jM2NnNCxQ50zNG9Zkqugzn0="></latexit><latexit sha1_base64="0Kc3jM2NnNCxQ50zNG9Zkqugzn0="></latexit>

 
<latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit><latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit><latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit><latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit>

 0
<latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit><latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit><latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit><latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit>

S
<latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit><latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit><latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit><latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit>

S0
<latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit><latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit><latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit><latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit>

Helo et al., 

1904.00036

Mediators

*Decomposition at tree = Leptoquarks



Inspired by Scotogenic models

⌧p ⇠ 1034[yrs]


M

1TeV

�4 
3 · 10�6

Y

�8

<latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit>

Proton decays p ! ⇡0`+/⇡+⌫̄`
<latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit>



Inspired by Scotogenic models

v mass a la scotogenic models

To reproduce the correct DM relic density,

⌧p ⇠ 1034[yrs]


M

1TeV

�4 
3 · 10�6

Y

�8

<latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit>

Proton decays

Y3 ⇠ 10�5
<latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit>

�5 ⇠ 1
<latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit>

for

Y4 & 0.1
<latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit>

M ⇠ TeV
<latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit>

⌧p ⇠ 10�34yrs
<latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit>

 0(1,1)0
<latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit>

p ! ⇡0`+/⇡+⌫̄`
<latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit>

Y1,2 . 10�7
<latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit>

Ma (2006)



Inspired by Scotogenic models

v mass a la scotogenic models

To reproduce the correct DM relic density,

⌧p ⇠ 1034[yrs]


M

1TeV

�4 
3 · 10�6

Y

�8

<latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit>

Proton decays

Y3 ⇠ 10�5
<latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit>

�5 ⇠ 1
<latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit>

for

Y4 & 0.1
<latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit>

=jet+missingS
Y4�! Q 0

<latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit><latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit><latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit><latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit>

“Squark” @LHC 1704.07781 (CMS) 

1712.02332 (ATLAS)

M ⇠ TeV
<latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit>

⌧p ⇠ 10�34yrs
<latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit>

 0(1,1)0
<latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit>

p ! ⇡0`+/⇡+⌫̄`
<latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit>

Y1,2 . 10�7
<latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit>

Ma (2006)



Inspired by Scotogenic models

v mass a la scotogenic models

To reproduce the correct DM relic density,

Long-lived colored&charged particle

⌧p ⇠ 1034[yrs]


M

1TeV

�4 
3 · 10�6

Y

�8

<latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit>

Proton decays

Y3 ⇠ 10�5
<latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit>

�5 ⇠ 1
<latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit>

for

Y4 & 0.1
<latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit>

=jet+missingS
Y4�! Q 0

<latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit><latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit><latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit><latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit>

“Squark” @LHC 1704.07781 (CMS) 

1712.02332 (ATLAS)

M ⇠ TeV
<latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit>

⌧p ⇠ 10�34yrs
<latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit>

=2jets+missing ! dRQ 
0

<latexit sha1_base64="6rrTlqa8S7PKrbgVw9cGmCPNILQ="></latexit><latexit sha1_base64="6rrTlqa8S7PKrbgVw9cGmCPNILQ="></latexit><latexit sha1_base64="6rrTlqa8S7PKrbgVw9cGmCPNILQ="></latexit><latexit sha1_base64="6rrTlqa8S7PKrbgVw9cGmCPNILQ="></latexit>

“Heavy ionizing track” (“R-hadron”) searches…
⌧ & 10 s

<latexit sha1_base64="5T9OdWxCbQUMKad+wA3Wcylcd88="></latexit><latexit sha1_base64="5T9OdWxCbQUMKad+wA3Wcylcd88="></latexit><latexit sha1_base64="5T9OdWxCbQUMKad+wA3Wcylcd88="></latexit><latexit sha1_base64="5T9OdWxCbQUMKad+wA3Wcylcd88="></latexit>

with

 0(1,1)0
<latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit>

1902.01636

p ! ⇡0`+/⇡+⌫̄`
<latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit>

Y1,2 . 10�7
<latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit>

Ma (2006)



Inspired by Scotogenic models

v mass a la scotogenic models

To reproduce the correct DM relic density,

Long-lived colored&charged particle

⌧p ⇠ 1034[yrs]


M

1TeV

�4 
3 · 10�6

Y

�8

<latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit><latexit sha1_base64="FfFZovRvDO/X1QWgcbSTd2YBUoE="></latexit>

Proton decays

Y3 ⇠ 10�5
<latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit><latexit sha1_base64="aefKAUNZVm1Bh792BfwzyVk48ps="></latexit>

�5 ⇠ 1
<latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit><latexit sha1_base64="KI8goIDXhqWxxR3Ue+7OOekr85M="></latexit>

for

Y4 & 0.1
<latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit><latexit sha1_base64="Kp0XHhBsb29Fc4sQthyTOVkJXXc="></latexit>

=jet+missingS
Y4�! Q 0

<latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit><latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit><latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit><latexit sha1_base64="J3kpE17W+SeyPS+lLVbnUDH0wAw="></latexit>

“Squark” @LHC 1704.07781 (CMS) 

1712.02332 (ATLAS)

M ⇠ TeV
<latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit><latexit sha1_base64="N03H+5a/E3d9En1LJD92gJI8psM="></latexit>

⌧p ⇠ 10�34yrs
<latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit><latexit sha1_base64="Uey4oScjevD8ODCSjHe7VMIf1Q4="></latexit>

=2jets+missing ! dRQ 
0

<latexit sha1_base64="6rrTlqa8S7PKrbgVw9cGmCPNILQ="></latexit><latexit sha1_base64="6rrTlqa8S7PKrbgVw9cGmCPNILQ="></latexit><latexit sha1_base64="6rrTlqa8S7PKrbgVw9cGmCPNILQ="></latexit><latexit sha1_base64="6rrTlqa8S7PKrbgVw9cGmCPNILQ="></latexit>

“Heavy ionizing track” (“R-hadron”) searches…
⌧ & 10 s

<latexit sha1_base64="5T9OdWxCbQUMKad+wA3Wcylcd88="></latexit><latexit sha1_base64="5T9OdWxCbQUMKad+wA3Wcylcd88="></latexit><latexit sha1_base64="5T9OdWxCbQUMKad+wA3Wcylcd88="></latexit><latexit sha1_base64="5T9OdWxCbQUMKad+wA3Wcylcd88="></latexit>

with

 0(1,1)0
<latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit><latexit sha1_base64="KWaS0E96ydQ4mjWsYTiqLSFJe+Y="></latexit>

1902.01636

LH
C

p ! ⇡0`+/⇡+⌫̄`
<latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit><latexit sha1_base64="9B65PKPIBWPeJTJIl0bHJJY75Bg="></latexit>

Y1,2 . 10�7
<latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit><latexit sha1_base64="0/CK0mcOQ/cnNAmWOs2Q0JxtLWY="></latexit>

Ma (2006)



List of the models…
Decompose the eff. ops into…

⌦
<latexit sha1_base64="QfvoHqr8co1p8b/DEsA6kGByJ00="></latexit><latexit sha1_base64="QfvoHqr8co1p8b/DEsA6kGByJ00="></latexit><latexit sha1_base64="QfvoHqr8co1p8b/DEsA6kGByJ00="></latexit><latexit sha1_base64="QfvoHqr8co1p8b/DEsA6kGByJ00="></latexit>

Ch
oi

ce
s 

fo
r t

he
 S

U(
3)

 c
ol

ou
r 

(qq0)(q00`)
<latexit sha1_base64="Erw+/rPseDPzkd2LNd4XKNV1ahE="></latexit><latexit sha1_base64="Erw+/rPseDPzkd2LNd4XKNV1ahE="></latexit><latexit sha1_base64="Erw+/rPseDPzkd2LNd4XKNV1ahE="></latexit><latexit sha1_base64="Erw+/rPseDPzkd2LNd4XKNV1ahE="></latexit>

Ch
oi

ce
s 

fo
r t

he
 S

U(
2)

   
U(

1)
 

Common for all    sO
<latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit><latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit><latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit><latexit sha1_base64="je/4072c9gagj7E/UKiN/TIi0m0="></latexit>

⇥<latexit sha1_base64="sONojOx1DCoJic0EaTmXILprsis="></latexit><latexit sha1_base64="sONojOx1DCoJic0EaTmXILprsis="></latexit><latexit sha1_base64="sONojOx1DCoJic0EaTmXILprsis="></latexit><latexit sha1_base64="sONojOx1DCoJic0EaTmXILprsis="></latexit>

For O1 = [dRuR][QL]
<latexit sha1_base64="0Kc3jM2NnNCxQ50zNG9Zkqugzn0="></latexit><latexit sha1_base64="0Kc3jM2NnNCxQ50zNG9Zkqugzn0="></latexit><latexit sha1_base64="0Kc3jM2NnNCxQ50zNG9Zkqugzn0="></latexit><latexit sha1_base64="0Kc3jM2NnNCxQ50zNG9Zkqugzn0="></latexit>

 
<latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit><latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit><latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit><latexit sha1_base64="in0j+2eDP/Sv3kQcEJKcscerGeI="></latexit>

 0
<latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit><latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit><latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit><latexit sha1_base64="qDwXw/C4xnmnxcmb2I+xOTXZHts="></latexit>

S
<latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit><latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit><latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit><latexit sha1_base64="FA1x3CZsqTFZlM52Hb4VoXCVyAg="></latexit>

S0
<latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit><latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit><latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit><latexit sha1_base64="+LVH7yCM6dtgHFNeF6HvV3B6iLI="></latexit>

Helo et al., 

1904.00036

Mediators

*Decomposition at tree = Leptoquarks



How to use the tables…
Fundamental Lagrangian: Yukawa interactions

Effective Lagrangian for proton decays is…

= coe↵.⇥O(s)

<latexit sha1_base64="A7OD7KSxGnl8pj7A7suvccqf66o="></latexit><latexit sha1_base64="A7OD7KSxGnl8pj7A7suvccqf66o="></latexit><latexit sha1_base64="A7OD7KSxGnl8pj7A7suvccqf66o="></latexit><latexit sha1_base64="A7OD7KSxGnl8pj7A7suvccqf66o="></latexit>

Group theory coef., Loop int., Fierz trans.

given from lattice calc.
Hadron matrix element
e.g., Aoki et al., 1705.01338

�p =

mp

32⇡


1� m2

M

m2
p

�2
|W ⇥ coe↵.|2

<latexit sha1_base64="6+WvdFZ+eE1+CLIFlUTdQPxePeI="></latexit><latexit sha1_base64="6+WvdFZ+eE1+CLIFlUTdQPxePeI="></latexit><latexit sha1_base64="6+WvdFZ+eE1+CLIFlUTdQPxePeI="></latexit><latexit sha1_base64="6+WvdFZ+eE1+CLIFlUTdQPxePeI="></latexit>Yukawa couplings times…

L � Y1qc 
cS + Y2 cq0S0†

<latexit sha1_base64="56yxKmZAzQT2pSgou0MKNwERVlc="></latexit><latexit sha1_base64="56yxKmZAzQT2pSgou0MKNwERVlc="></latexit><latexit sha1_base64="56yxKmZAzQT2pSgou0MKNwERVlc="></latexit><latexit sha1_base64="56yxKmZAzQT2pSgou0MKNwERVlc="></latexit>

+Y3 0`S0 + Y4q00c 
0S† +H.c.

<latexit sha1_base64="IJcOJCZoEUWDoNxK44QUQle0y6Y="></latexit><latexit sha1_base64="IJcOJCZoEUWDoNxK44QUQle0y6Y="></latexit><latexit sha1_base64="IJcOJCZoEUWDoNxK44QUQle0y6Y="></latexit><latexit sha1_base64="IJcOJCZoEUWDoNxK44QUQle0y6Y="></latexit>

Helo et al., 1904.00036

eff. ops

Le↵ = [Y1qc 
cS][Y2 cq0S0†][Y4q00c 

0S†][Y3 0`S0]
<latexit sha1_base64="pRUY0QcWt7igOZrdCORs0y8kuL4="></latexit><latexit sha1_base64="pRUY0QcWt7igOZrdCORs0y8kuL4="></latexit><latexit sha1_base64="pRUY0QcWt7igOZrdCORs0y8kuL4="></latexit><latexit sha1_base64="pRUY0QcWt7igOZrdCORs0y8kuL4="></latexit>

Tables



Summary for Part 2: Proton decays
We will have large neutrino detectors…

GUTs are the best motivation for nucleon decays, but…
the GUT-benchmark modes may be too much emphasized.

A bottom-up approach to explore the origin of nucleon decays:

NDEs are also Nucleon Decay Experiments.

can give hints of flavour structures / sterile v.
p ! ⇡+ +missing

<latexit sha1_base64="FjUyqg2paDnk9iKSgidmNwuH/Wk="></latexit><latexit sha1_base64="FjUyqg2paDnk9iKSgidmNwuH/Wk="></latexit><latexit sha1_base64="FjUyqg2paDnk9iKSgidmNwuH/Wk="></latexit><latexit sha1_base64="FjUyqg2paDnk9iKSgidmNwuH/Wk="></latexit>

e.g.,

SMEFT       List of 1-loop decomposition of the effective ops

Non-benchmark mode



Backup



Bound to        from cosmology⌃m
<latexit sha1_base64="nHYpK7auanCQ6tSUGbAKmcTcBxY="></latexit><latexit sha1_base64="nHYpK7auanCQ6tSUGbAKmcTcBxY="></latexit><latexit sha1_base64="nHYpK7auanCQ6tSUGbAKmcTcBxY="></latexit><latexit sha1_base64="nHYpK7auanCQ6tSUGbAKmcTcBxY="></latexit>

CMB

LSS

BAO
in galaxy (z<2) LyA (z~3)

Free streaming of v disturbs the structure formation.

v as radiation

Tension btw galaxy+LyA&SN
Schoenberg et al.,1907.11594

H0 tension - Possibly something is missing in LambdaCDM?
Incl. of “something” may change the bound…

21cm (10<z<20)

Standard rular

v dec. BBNe pair-ann. recomb. ph.dec.

rad. dominant
reion.

DE
Dark age

mat. dominant

1.5MeV ~1MeV ~0.1MeV 0.3eV 0.25eV
~1eV

0.005eVv’s go into non-rela
T�

<latexit sha1_base64="8Z1Bm6QGTiAlnZ6fJG1yWTIr5r4="></latexit><latexit sha1_base64="8Z1Bm6QGTiAlnZ6fJG1yWTIr5r4="></latexit><latexit sha1_base64="8Z1Bm6QGTiAlnZ6fJG1yWTIr5r4="></latexit><latexit sha1_base64="8Z1Bm6QGTiAlnZ6fJG1yWTIr5r4="></latexit>

v as matter

rs(z�dec.) =

Z 1

z�dec.

csdz0

H(z0)
<latexit sha1_base64="VE6aQxehtc6eY3ggmfHorMlSZ+0="></latexit><latexit sha1_base64="VE6aQxehtc6eY3ggmfHorMlSZ+0="></latexit><latexit sha1_base64="VE6aQxehtc6eY3ggmfHorMlSZ+0="></latexit><latexit sha1_base64="VE6aQxehtc6eY3ggmfHorMlSZ+0="></latexit>

dA(z�dec.) =

Z z�dec.

0

dz0

H(z0)
<latexit sha1_base64="jsRpA158LkOGw41e6NwxW4i2/oE="></latexit><latexit sha1_base64="jsRpA158LkOGw41e6NwxW4i2/oE="></latexit><latexit sha1_base64="jsRpA158LkOGw41e6NwxW4i2/oE="></latexit><latexit sha1_base64="jsRpA158LkOGw41e6NwxW4i2/oE="></latexit>

✓
obs.

⌘ rs/dA
<latexit sha1_base64="zxF03aK58Txa1UeCOwQgq2k8MeQ="></latexit><latexit sha1_base64="zxF03aK58Txa1UeCOwQgq2k8MeQ="></latexit><latexit sha1_base64="zxF03aK58Txa1UeCOwQgq2k8MeQ="></latexit><latexit sha1_base64="zxF03aK58Txa1UeCOwQgq2k8MeQ="></latexit>

⌃m %
<latexit sha1_base64="Tqxbdh0HybLfPrZT2TCMK6TnxIc="></latexit><latexit sha1_base64="Tqxbdh0HybLfPrZT2TCMK6TnxIc="></latexit><latexit sha1_base64="Tqxbdh0HybLfPrZT2TCMK6TnxIc="></latexit><latexit sha1_base64="Tqxbdh0HybLfPrZT2TCMK6TnxIc="></latexit>

dA &
<latexit sha1_base64="VA8WQJTImFVPvd9kap3/2etpeRE="></latexit><latexit sha1_base64="VA8WQJTImFVPvd9kap3/2etpeRE="></latexit><latexit sha1_base64="VA8WQJTImFVPvd9kap3/2etpeRE="></latexit><latexit sha1_base64="VA8WQJTImFVPvd9kap3/2etpeRE="></latexit>

rs
<latexit sha1_base64="zBo7ckBcckGGr9H+/vYTKanUWnc="></latexit><latexit sha1_base64="zBo7ckBcckGGr9H+/vYTKanUWnc="></latexit><latexit sha1_base64="zBo7ckBcckGGr9H+/vYTKanUWnc="></latexit><latexit sha1_base64="zBo7ckBcckGGr9H+/vYTKanUWnc="></latexit>

stays

“Sound horizon” “Angular distance”

✓
obs.

%
<latexit sha1_base64="Rv15Tyl7og3md2UHV1ITEytcd3A="></latexit><latexit sha1_base64="Rv15Tyl7og3md2UHV1ITEytcd3A="></latexit><latexit sha1_base64="Rv15Tyl7og3md2UHV1ITEytcd3A="></latexit><latexit sha1_base64="Rv15Tyl7og3md2UHV1ITEytcd3A="></latexit>

cf. Bernal et al., 1607.05617,

          Jee et al., 1909.06712.

e.g., &

The structures with the scale smaller than a particular size are suppressed.

rs(z�dec.)
<latexit sha1_base64="ebs62UvTP8KGrt9a8k38Vy9Gq5Q="></latexit><latexit sha1_base64="ebs62UvTP8KGrt9a8k38Vy9Gq5Q="></latexit><latexit sha1_base64="ebs62UvTP8KGrt9a8k38Vy9Gq5Q="></latexit><latexit sha1_base64="ebs62UvTP8KGrt9a8k38Vy9Gq5Q="></latexit>



H0 tension and v parameters
Planck collaboration, 1807.06209

tension!

Inclusion of the H0 measurement with SNs 

Extra radiation relaxes the H0 tension.

⌃m %
<latexit sha1_base64="Tqxbdh0HybLfPrZT2TCMK6TnxIc=">AAADmnichVLNbhMxEJ50+SnhpwlckBDSiqSIU+RUSFBOFb2AuLRNQys1UeTduonV/ZN3k6is+gK8AAfEASRAiMfgwgtw6CMgjkXiwoHPk6VRqVpseXf8zXwz/sb2kkCnmRAHpRnn3PkLF2cvlS9fuXptrlK9/jyNh8ZXbT8OYrPpyVQFOlLtTGeB2kyMkqEXqA1vd9n6N0bKpDqO1rO9RHVD2Y/0jvZlBqhXqXZauh9KN3Q7kZ LGxONepSYagod70mgWRo2KsRJXS4vUoW2KyachhaQoogx2QJJSzC1qkqAEWJdyYAaWZr+ifSqDO0SUQoQEuotvH7utAo2wtzlTZvuoEmAZMF2aF9/EJ3EovorP4rv4fWqunHPYs+zh7024KunNvbzZ+vVfVoh/RoMp6wzG31gD7w4Wc47QFLHmTMUZWA9ZqYbyhBHbA3+SafTi1WHr0dp8fle8Ez+g/q04EF+gPxr99N+vqrXXnN0wR9GY+xVy/Qg3lMM3Am6z2VvpMuJxT7ePumN3OXumakJUr4Gxz7PMVU6r0CpufnCsSowp4dHQGjEygFYNpI7c9v1o7sMQql1gU3+Hu2ZXnc9Qt2fAK23++yZPGu2FxmKjuXq/tvS4eK6zdIvu0D2keUBL9IRWqI3UY3pDH+ijc9tZdp46zyahM6WCc4OODWf9D5T3x5E=</latexit><latexit sha1_base64="Tqxbdh0HybLfPrZT2TCMK6TnxIc=">AAADmnichVLNbhMxEJ50+SnhpwlckBDSiqSIU+RUSFBOFb2AuLRNQys1UeTduonV/ZN3k6is+gK8AAfEASRAiMfgwgtw6CMgjkXiwoHPk6VRqVpseXf8zXwz/sb2kkCnmRAHpRnn3PkLF2cvlS9fuXptrlK9/jyNh8ZXbT8OYrPpyVQFOlLtTGeB2kyMkqEXqA1vd9n6N0bKpDqO1rO9RHVD2Y/0jvZlBqhXqXZauh9KN3Q7kZ LGxONepSYagod70mgWRo2KsRJXS4vUoW2KyachhaQoogx2QJJSzC1qkqAEWJdyYAaWZr+ifSqDO0SUQoQEuotvH7utAo2wtzlTZvuoEmAZMF2aF9/EJ3EovorP4rv4fWqunHPYs+zh7024KunNvbzZ+vVfVoh/RoMp6wzG31gD7w4Wc47QFLHmTMUZWA9ZqYbyhBHbA3+SafTi1WHr0dp8fle8Ez+g/q04EF+gPxr99N+vqrXXnN0wR9GY+xVy/Qg3lMM3Am6z2VvpMuJxT7ePumN3OXumakJUr4Gxz7PMVU6r0CpufnCsSowp4dHQGjEygFYNpI7c9v1o7sMQql1gU3+Hu2ZXnc9Qt2fAK23++yZPGu2FxmKjuXq/tvS4eK6zdIvu0D2keUBL9IRWqI3UY3pDH+ijc9tZdp46zyahM6WCc4OODWf9D5T3x5E=</latexit><latexit sha1_base64="Tqxbdh0HybLfPrZT2TCMK6TnxIc=">AAADmnichVLNbhMxEJ50+SnhpwlckBDSiqSIU+RUSFBOFb2AuLRNQys1UeTduonV/ZN3k6is+gK8AAfEASRAiMfgwgtw6CMgjkXiwoHPk6VRqVpseXf8zXwz/sb2kkCnmRAHpRnn3PkLF2cvlS9fuXptrlK9/jyNh8ZXbT8OYrPpyVQFOlLtTGeB2kyMkqEXqA1vd9n6N0bKpDqO1rO9RHVD2Y/0jvZlBqhXqXZauh9KN3Q7kZ LGxONepSYagod70mgWRo2KsRJXS4vUoW2KyachhaQoogx2QJJSzC1qkqAEWJdyYAaWZr+ifSqDO0SUQoQEuotvH7utAo2wtzlTZvuoEmAZMF2aF9/EJ3EovorP4rv4fWqunHPYs+zh7024KunNvbzZ+vVfVoh/RoMp6wzG31gD7w4Wc47QFLHmTMUZWA9ZqYbyhBHbA3+SafTi1WHr0dp8fle8Ez+g/q04EF+gPxr99N+vqrXXnN0wR9GY+xVy/Qg3lMM3Am6z2VvpMuJxT7ePumN3OXumakJUr4Gxz7PMVU6r0CpufnCsSowp4dHQGjEygFYNpI7c9v1o7sMQql1gU3+Hu2ZXnc9Qt2fAK23++yZPGu2FxmKjuXq/tvS4eK6zdIvu0D2keUBL9IRWqI3UY3pDH+ijc9tZdp46zyahM6WCc4OODWf9D5T3x5E=</latexit><latexit sha1_base64="Tqxbdh0HybLfPrZT2TCMK6TnxIc=">AAADmnichVLNbhMxEJ50+SnhpwlckBDSiqSIU+RUSFBOFb2AuLRNQys1UeTduonV/ZN3k6is+gK8AAfEASRAiMfgwgtw6CMgjkXiwoHPk6VRqVpseXf8zXwz/sb2kkCnmRAHpRnn3PkLF2cvlS9fuXptrlK9/jyNh8ZXbT8OYrPpyVQFOlLtTGeB2kyMkqEXqA1vd9n6N0bKpDqO1rO9RHVD2Y/0jvZlBqhXqXZauh9KN3Q7kZ LGxONepSYagod70mgWRo2KsRJXS4vUoW2KyachhaQoogx2QJJSzC1qkqAEWJdyYAaWZr+ifSqDO0SUQoQEuotvH7utAo2wtzlTZvuoEmAZMF2aF9/EJ3EovorP4rv4fWqunHPYs+zh7024KunNvbzZ+vVfVoh/RoMp6wzG31gD7w4Wc47QFLHmTMUZWA9ZqYbyhBHbA3+SafTi1WHr0dp8fle8Ez+g/q04EF+gPxr99N+vqrXXnN0wR9GY+xVy/Qg3lMM3Am6z2VvpMuJxT7ePumN3OXumakJUr4Gxz7PMVU6r0CpufnCsSowp4dHQGjEygFYNpI7c9v1o7sMQql1gU3+Hu2ZXnc9Qt2fAK23++yZPGu2FxmKjuXq/tvS4eK6zdIvu0D2keUBL9IRWqI3UY3pDH+ijc9tZdp46zyahM6WCc4OODWf9D5T3x5E=</latexit>

H0 &
<latexit sha1_base64="nVKMIoQRsBY2QiSgfdVPDDA62Xw="></latexit><latexit sha1_base64="nVKMIoQRsBY2QiSgfdVPDDA62Xw="></latexit><latexit sha1_base64="nVKMIoQRsBY2QiSgfdVPDDA62Xw="></latexit><latexit sha1_base64="nVKMIoQRsBY2QiSgfdVPDDA62Xw="></latexit>

H0 tension gets higher 

⌃m
<latexit sha1_base64="KNvwqmcdnkrkIA4m9Zjp7W7eCPs="></latexit><latexit sha1_base64="KNvwqmcdnkrkIA4m9Zjp7W7eCPs="></latexit><latexit sha1_base64="KNvwqmcdnkrkIA4m9Zjp7W7eCPs="></latexit><latexit sha1_base64="KNvwqmcdnkrkIA4m9Zjp7W7eCPs="></latexit> bound stronger



Long-range contribution to 0v2b
Based on LNV dim.=7 operator

0v2b exps are sensitive to NP at O(10) TeV.

For decomposition of dim.7 ops, 

              Helo et al., 1602.03362d

<latexit sha1_base64="/K55t1gyFYVf472lCCV47a4U+5I="></latexit><latexit sha1_base64="/K55t1gyFYVf472lCCV47a4U+5I="></latexit><latexit sha1_base64="/K55t1gyFYVf472lCCV47a4U+5I="></latexit><latexit sha1_base64="/K55t1gyFYVf472lCCV47a4U+5I="></latexit>

e
<latexit sha1_base64="/Darb4x0NAMJuGglO/7XT2LBvPY="></latexit><latexit sha1_base64="/Darb4x0NAMJuGglO/7XT2LBvPY="></latexit><latexit sha1_base64="/Darb4x0NAMJuGglO/7XT2LBvPY="></latexit><latexit sha1_base64="/Darb4x0NAMJuGglO/7XT2LBvPY="></latexit>

⌫
<latexit sha1_base64="d1hK5UnlL5Y8JtsWE2oeUyJVxMQ="></latexit><latexit sha1_base64="d1hK5UnlL5Y8JtsWE2oeUyJVxMQ="></latexit><latexit sha1_base64="d1hK5UnlL5Y8JtsWE2oeUyJVxMQ="></latexit><latexit sha1_base64="d1hK5UnlL5Y8JtsWE2oeUyJVxMQ="></latexit>

e
<latexit sha1_base64="/Darb4x0NAMJuGglO/7XT2LBvPY="></latexit><latexit sha1_base64="/Darb4x0NAMJuGglO/7XT2LBvPY="></latexit><latexit sha1_base64="/Darb4x0NAMJuGglO/7XT2LBvPY="></latexit><latexit sha1_base64="/Darb4x0NAMJuGglO/7XT2LBvPY="></latexit>

W
<latexit sha1_base64="gUe7ah2t1q34j8dqjAbDF1JF1yE="></latexit><latexit sha1_base64="gUe7ah2t1q34j8dqjAbDF1JF1yE="></latexit><latexit sha1_base64="gUe7ah2t1q34j8dqjAbDF1JF1yE="></latexit><latexit sha1_base64="gUe7ah2t1q34j8dqjAbDF1JF1yE="></latexit>

d
<latexit sha1_base64="/K55t1gyFYVf472lCCV47a4U+5I="></latexit><latexit sha1_base64="/K55t1gyFYVf472lCCV47a4U+5I="></latexit><latexit sha1_base64="/K55t1gyFYVf472lCCV47a4U+5I="></latexit><latexit sha1_base64="/K55t1gyFYVf472lCCV47a4U+5I="></latexit>

No suppression withm��
<latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit><latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit><latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit><latexit sha1_base64="q/asxgbKkwhTJcMakMuWLHQe080="></latexit>

L
<latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit><latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit><latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit><latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit>

L
<latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit><latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit><latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit><latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit>

Q
<latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit>

uR
<latexit sha1_base64="P3Xw1WiVkF7CLrotRGrpzsxhaVQ="></latexit><latexit sha1_base64="P3Xw1WiVkF7CLrotRGrpzsxhaVQ="></latexit><latexit sha1_base64="P3Xw1WiVkF7CLrotRGrpzsxhaVQ="></latexit><latexit sha1_base64="P3Xw1WiVkF7CLrotRGrpzsxhaVQ="></latexit>

u
<latexit sha1_base64="bJ94ky8TBQoM/SnJCTY1GO9w0VQ=">AAADiHichVJNTxRBEK1lFHFRPvRCwmXDLsbTpseY4HowBC4cWdYVEtiQmaFhO8xXembW4IQ/IFcJB06ScCD+DC/+AQ/8BOMREi8efF07skECdqdnql/Vq+pX3W7sqyQV4rw0ZN27P/xg5GF59NHjsfGJySfvkijTnmx7kR/pNddJpK9C2U5V6su1WEsncH256u4uGv9qT+pEReHbdC+WncDZCdW28pwUUDPbnKiKuuBRuWnYhV GlYixHk6UGbdAWReRRRgFJCimF7ZNDCeY62SQoBtahHJiGpdgvaZ/K4GaIkohwgO7iu4PdeoGG2JucCbM9VPGxNJgVmhXfxZm4EN/EF/FD/L41V845zFn28Hf7XBlvjn+cav36LyvAP6XugHUH42+shncbizlXaIJYfafiFKxXrFRBecyI6YHXz9T7cHTRer0ymz8TJ+In1H8W5+Ir9Ie9S++0KVeOObtmjqT33K+A64e4oRy+HnCTzdxKhxGXe7p11R2zy9kzUBOgehWMfZ5lrnJbhVZx891rVSJMBx4FrSEjXWhVQGrIbd6P4j5kUF0BNvBvcNfMqvEZauYMeKX2v2/yptF+UW/U7ebL6vyb4rmO0DTN0HOkmaN5WqJlaiO1pAP6RIfWqGVbc1ajHzpUKjhP6dqwFv4A3mrA3Q==</latexit><latexit sha1_base64="bJ94ky8TBQoM/SnJCTY1GO9w0VQ=">AAADiHichVJNTxRBEK1lFHFRPvRCwmXDLsbTpseY4HowBC4cWdYVEtiQmaFhO8xXembW4IQ/IFcJB06ScCD+DC/+AQ/8BOMREi8efF07skECdqdnql/Vq+pX3W7sqyQV4rw0ZN27P/xg5GF59NHjsfGJySfvkijTnmx7kR/pNddJpK9C2U5V6su1WEsncH256u4uGv9qT+pEReHbdC+WncDZCdW28pwUUDPbnKiKuuBRuWnYhV GlYixHk6UGbdAWReRRRgFJCimF7ZNDCeY62SQoBtahHJiGpdgvaZ/K4GaIkohwgO7iu4PdeoGG2JucCbM9VPGxNJgVmhXfxZm4EN/EF/FD/L41V845zFn28Hf7XBlvjn+cav36LyvAP6XugHUH42+shncbizlXaIJYfafiFKxXrFRBecyI6YHXz9T7cHTRer0ymz8TJ+In1H8W5+Ir9Ie9S++0KVeOObtmjqT33K+A64e4oRy+HnCTzdxKhxGXe7p11R2zy9kzUBOgehWMfZ5lrnJbhVZx891rVSJMBx4FrSEjXWhVQGrIbd6P4j5kUF0BNvBvcNfMqvEZauYMeKX2v2/yptF+UW/U7ebL6vyb4rmO0DTN0HOkmaN5WqJlaiO1pAP6RIfWqGVbc1ajHzpUKjhP6dqwFv4A3mrA3Q==</latexit><latexit sha1_base64="bJ94ky8TBQoM/SnJCTY1GO9w0VQ=">AAADiHichVJNTxRBEK1lFHFRPvRCwmXDLsbTpseY4HowBC4cWdYVEtiQmaFhO8xXembW4IQ/IFcJB06ScCD+DC/+AQ/8BOMREi8efF07skECdqdnql/Vq+pX3W7sqyQV4rw0ZN27P/xg5GF59NHjsfGJySfvkijTnmx7kR/pNddJpK9C2U5V6su1WEsncH256u4uGv9qT+pEReHbdC+WncDZCdW28pwUUDPbnKiKuuBRuWnYhV GlYixHk6UGbdAWReRRRgFJCimF7ZNDCeY62SQoBtahHJiGpdgvaZ/K4GaIkohwgO7iu4PdeoGG2JucCbM9VPGxNJgVmhXfxZm4EN/EF/FD/L41V845zFn28Hf7XBlvjn+cav36LyvAP6XugHUH42+shncbizlXaIJYfafiFKxXrFRBecyI6YHXz9T7cHTRer0ymz8TJ+In1H8W5+Ir9Ie9S++0KVeOObtmjqT33K+A64e4oRy+HnCTzdxKhxGXe7p11R2zy9kzUBOgehWMfZ5lrnJbhVZx891rVSJMBx4FrSEjXWhVQGrIbd6P4j5kUF0BNvBvcNfMqvEZauYMeKX2v2/yptF+UW/U7ebL6vyb4rmO0DTN0HOkmaN5WqJlaiO1pAP6RIfWqGVbc1ajHzpUKjhP6dqwFv4A3mrA3Q==</latexit><latexit sha1_base64="bJ94ky8TBQoM/SnJCTY1GO9w0VQ=">AAADiHichVJNTxRBEK1lFHFRPvRCwmXDLsbTpseY4HowBC4cWdYVEtiQmaFhO8xXembW4IQ/IFcJB06ScCD+DC/+AQ/8BOMREi8efF07skECdqdnql/Vq+pX3W7sqyQV4rw0ZN27P/xg5GF59NHjsfGJySfvkijTnmx7kR/pNddJpK9C2U5V6su1WEsncH256u4uGv9qT+pEReHbdC+WncDZCdW28pwUUDPbnKiKuuBRuWnYhV GlYixHk6UGbdAWReRRRgFJCimF7ZNDCeY62SQoBtahHJiGpdgvaZ/K4GaIkohwgO7iu4PdeoGG2JucCbM9VPGxNJgVmhXfxZm4EN/EF/FD/L41V845zFn28Hf7XBlvjn+cav36LyvAP6XugHUH42+shncbizlXaIJYfafiFKxXrFRBecyI6YHXz9T7cHTRer0ymz8TJ+In1H8W5+Ir9Ie9S++0KVeOObtmjqT33K+A64e4oRy+HnCTzdxKhxGXe7p11R2zy9kzUBOgehWMfZ5lrnJbhVZx891rVSJMBx4FrSEjXWhVQGrIbd6P4j5kUF0BNvBvcNfMqvEZauYMeKX2v2/yptF+UW/U7ebL6vyb4rmO0DTN0HOkmaN5WqJlaiO1pAP6RIfWqGVbc1ajHzpUKjhP6dqwFv4A3mrA3Q==</latexit> u

<latexit sha1_base64="bJ94ky8TBQoM/SnJCTY1GO9w0VQ="></latexit><latexit sha1_base64="bJ94ky8TBQoM/SnJCTY1GO9w0VQ="></latexit><latexit sha1_base64="bJ94ky8TBQoM/SnJCTY1GO9w0VQ="></latexit><latexit sha1_base64="bJ94ky8TBQoM/SnJCTY1GO9w0VQ="></latexit>

hHi
<latexit sha1_base64="KMJWb6sLyln1qBrSHuEq9Z9PIYU="></latexit><latexit sha1_base64="KMJWb6sLyln1qBrSHuEq9Z9PIYU="></latexit><latexit sha1_base64="KMJWb6sLyln1qBrSHuEq9Z9PIYU="></latexit><latexit sha1_base64="KMJWb6sLyln1qBrSHuEq9Z9PIYU="></latexit>

⇤NP = 56[TeV]


0.05eV

m��

�1/3

<latexit sha1_base64="PoUFuhRv5eui8M7Zn2DNVKawm50="></latexit><latexit sha1_base64="PoUFuhRv5eui8M7Zn2DNVKawm50="></latexit><latexit sha1_base64="PoUFuhRv5eui8M7Zn2DNVKawm50="></latexit><latexit sha1_base64="PoUFuhRv5eui8M7Zn2DNVKawm50="></latexit>

L
Long-range

=
C

⇤3

NP

GF
1

p
<latexit sha1_base64="oGXMPSisD5fcRMFhwGNjHsCC804=">AAAD5HichVLPaxNBFH7pqq3xR1O9CF6CScWLYaIFrSAUC+ohSNoYW8jGMLuZJEv3F7ObaB32HxA8iXgQBAUP4l8hXvwHPPQvEPGiVPDiwW8na0MtbWeY3Tffe997870ZK3SdKGZsKzdlHDl6bHrmeP7EyVOnZwtzZx5EwVDaomkHbiDXLR4J1/FFM3ZiV6yHUnDPcsWatbGc+tdGQkZO4N+PN0PR9njfd3qOzWNAnULL9Hg8iG </latexit><latexit sha1_base64="oGXMPSisD5fcRMFhwGNjHsCC804=">AAAD5HichVLPaxNBFH7pqq3xR1O9CF6CScWLYaIFrSAUC+ohSNoYW8jGMLuZJEv3F7ObaB32HxA8iXgQBAUP4l8hXvwHPPQvEPGiVPDiwW8na0MtbWeY3Tffe997870ZK3SdKGZsKzdlHDl6bHrmeP7EyVOnZwtzZx5EwVDaomkHbiDXLR4J1/FFM3ZiV6yHUnDPcsWatbGc+tdGQkZO4N+PN0PR9njfd3qOzWNAnULL9Hg8iG </latexit><latexit sha1_base64="oGXMPSisD5fcRMFhwGNjHsCC804=">AAAD5HichVLPaxNBFH7pqq3xR1O9CF6CScWLYaIFrSAUC+ohSNoYW8jGMLuZJEv3F7ObaB32HxA8iXgQBAUP4l8hXvwHPPQvEPGiVPDiwW8na0MtbWeY3Tffe997870ZK3SdKGZsKzdlHDl6bHrmeP7EyVOnZwtzZx5EwVDaomkHbiDXLR4J1/FFM3ZiV6yHUnDPcsWatbGc+tdGQkZO4N+PN0PR9njfd3qOzWNAnULL9Hg8iG </latexit><latexit sha1_base64="oGXMPSisD5fcRMFhwGNjHsCC804=">AAAD5HichVLPaxNBFH7pqq3xR1O9CF6CScWLYaIFrSAUC+ohSNoYW8jGMLuZJEv3F7ObaB32HxA8iXgQBAUP4l8hXvwHPPQvEPGiVPDiwW8na0MtbWeY3Tffe997870ZK3SdKGZsKzdlHDl6bHrmeP7EyVOnZwtzZx5EwVDaomkHbiDXLR4J1/FFM3ZiV6yHUnDPcsWatbGc+tdGQkZO4N+PN0PR9njfd3qOzWNAnULL9Hg8iG </latexit>

Decomposition I-i

L
Long-range

!

= L⌫SM
<latexit sha1_base64="fQKq0GetdKMQbTSL58nGFZvKm0E="></latexit><latexit sha1_base64="fQKq0GetdKMQbTSL58nGFZvKm0E="></latexit><latexit sha1_base64="fQKq0GetdKMQbTSL58nGFZvKm0E="></latexit><latexit sha1_base64="fQKq0GetdKMQbTSL58nGFZvKm0E="></latexit>



Proton decays in GUT&SUSY-GUT
GUT: Dim.6 mediated by a GUT gauge boson

SUSY-GUT: Dim.5 mediated by a coloured higgsino + Dressing

g = 0.1
<latexit sha1_base64="TUmR5GmexyZI4cuyu8FigLa5stk="></latexit><latexit sha1_base64="TUmR5GmexyZI4cuyu8FigLa5stk="></latexit><latexit sha1_base64="TUmR5GmexyZI4cuyu8FigLa5stk="></latexit><latexit sha1_base64="TUmR5GmexyZI4cuyu8FigLa5stk="></latexit>

MSUSY = 1TeV
<latexit sha1_base64="xMdOesEvEE4/3Q9nWI7W2xexEq4="></latexit><latexit sha1_base64="xMdOesEvEE4/3Q9nWI7W2xexEq4="></latexit><latexit sha1_base64="xMdOesEvEE4/3Q9nWI7W2xexEq4="></latexit><latexit sha1_base64="xMdOesEvEE4/3Q9nWI7W2xexEq4="></latexit>

MGUT = 1016GeV
<latexit sha1_base64="MgPNnGVWA+xCVpMi6Fz0jtPFGHQ="></latexit><latexit sha1_base64="MgPNnGVWA+xCVpMi6Fz0jtPFGHQ="></latexit><latexit sha1_base64="MgPNnGVWA+xCVpMi6Fz0jtPFGHQ="></latexit><latexit sha1_base64="MgPNnGVWA+xCVpMi6Fz0jtPFGHQ="></latexit>

⌧p ⇠ 1

m5
p

��� g2
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GUT

���
2 = 3 · 1032[yrs]

<latexit sha1_base64="Jhe4kz7TZrjyRrsbcNLaw30LINA="></latexit><latexit sha1_base64="Jhe4kz7TZrjyRrsbcNLaw30LINA="></latexit><latexit sha1_base64="Jhe4kz7TZrjyRrsbcNLaw30LINA="></latexit><latexit sha1_base64="Jhe4kz7TZrjyRrsbcNLaw30LINA="></latexit>

g = 0.1
<latexit sha1_base64="TUmR5GmexyZI4cuyu8FigLa5stk="></latexit><latexit sha1_base64="TUmR5GmexyZI4cuyu8FigLa5stk="></latexit><latexit sha1_base64="TUmR5GmexyZI4cuyu8FigLa5stk="></latexit><latexit sha1_base64="TUmR5GmexyZI4cuyu8FigLa5stk="></latexit>

MGUT = 1015GeV
<latexit sha1_base64="u/CGjm/BWejF5EnBDB/8G0O3lRc="></latexit><latexit sha1_base64="u/CGjm/BWejF5EnBDB/8G0O3lRc="></latexit><latexit sha1_base64="u/CGjm/BWejF5EnBDB/8G0O3lRc="></latexit><latexit sha1_base64="u/CGjm/BWejF5EnBDB/8G0O3lRc="></latexit>

Q
<latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit>

Q
<latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ=">AAADiHichVI9TxtBEB1zSSAmhK8mEo0Vm4jK2kNI4BQIhSYlxnFAAgvdHQtecV/aOzuCE3+AtCAKqiBRoPyMNPkDKfgJUUoipUmRt+MLFkGQXe3d7Jt5M/tm1419laRCXBUGrEePnwwOPS0OPxt5Pjo2PvE+iTrak00v8iO97jqJ9FUom6lKfbkea+kEri/X3L1l41/rSp2oKHyX7seyFTi7odpRnpMCqte3xsqiKniU7hp2bp QpHyvReKFGm7RNEXnUoYAkhZTC9smhBHODbBIUA2tRBkzDUuyXdEhFcDuIkohwgO7hu4vdRo6G2JucCbM9VPGxNJglmhbfxKW4Fl/FZ/Fd/L43V8Y5zFn28Xd7XBlvjR69aPz6LyvAP6V2n/UA42+shncHizk3aIJY/aDiFKwFVqqgPGbE9MDrZeoenF43Xq9OZ6/EufgB9Z/ElfgC/WH3p3dRl6tnnF0zR9IH7lfA9UPcUAZfF7jJZm6lxYjLPd2+6Y7ZZezpqwlQvQzGIc8iV7mvQiO/+fatKhGmA4+C1pCRNrQqIBXkNu9HcR86UF0C1vdvctfMqvAZKuYMeKX2v2/yrtGcrdaqdn2uvLSYP9chmqKXNIM087REb2mFmkgt6SMd04k1bNnWvFXrhQ4Ucs4k3RrWmz9tWsC5</latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ=">AAADiHichVI9TxtBEB1zSSAmhK8mEo0Vm4jK2kNI4BQIhSYlxnFAAgvdHQtecV/aOzuCE3+AtCAKqiBRoPyMNPkDKfgJUUoipUmRt+MLFkGQXe3d7Jt5M/tm1419laRCXBUGrEePnwwOPS0OPxt5Pjo2PvE+iTrak00v8iO97jqJ9FUom6lKfbkea+kEri/X3L1l41/rSp2oKHyX7seyFTi7odpRnpMCqte3xsqiKniU7hp2bp QpHyvReKFGm7RNEXnUoYAkhZTC9smhBHODbBIUA2tRBkzDUuyXdEhFcDuIkohwgO7hu4vdRo6G2JucCbM9VPGxNJglmhbfxKW4Fl/FZ/Fd/L43V8Y5zFn28Xd7XBlvjR69aPz6LyvAP6V2n/UA42+shncHizk3aIJY/aDiFKwFVqqgPGbE9MDrZeoenF43Xq9OZ6/EufgB9Z/ElfgC/WH3p3dRl6tnnF0zR9IH7lfA9UPcUAZfF7jJZm6lxYjLPd2+6Y7ZZezpqwlQvQzGIc8iV7mvQiO/+fatKhGmA4+C1pCRNrQqIBXkNu9HcR86UF0C1vdvctfMqvAZKuYMeKX2v2/yrtGcrdaqdn2uvLSYP9chmqKXNIM087REb2mFmkgt6SMd04k1bNnWvFXrhQ4Ucs4k3RrWmz9tWsC5</latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ=">AAADiHichVI9TxtBEB1zSSAmhK8mEo0Vm4jK2kNI4BQIhSYlxnFAAgvdHQtecV/aOzuCE3+AtCAKqiBRoPyMNPkDKfgJUUoipUmRt+MLFkGQXe3d7Jt5M/tm1419laRCXBUGrEePnwwOPS0OPxt5Pjo2PvE+iTrak00v8iO97jqJ9FUom6lKfbkea+kEri/X3L1l41/rSp2oKHyX7seyFTi7odpRnpMCqte3xsqiKniU7hp2bp QpHyvReKFGm7RNEXnUoYAkhZTC9smhBHODbBIUA2tRBkzDUuyXdEhFcDuIkohwgO7hu4vdRo6G2JucCbM9VPGxNJglmhbfxKW4Fl/FZ/Fd/L43V8Y5zFn28Xd7XBlvjR69aPz6LyvAP6V2n/UA42+shncHizk3aIJY/aDiFKwFVqqgPGbE9MDrZeoenF43Xq9OZ6/EufgB9Z/ElfgC/WH3p3dRl6tnnF0zR9IH7lfA9UPcUAZfF7jJZm6lxYjLPd2+6Y7ZZezpqwlQvQzGIc8iV7mvQiO/+fatKhGmA4+C1pCRNrQqIBXkNu9HcR86UF0C1vdvctfMqvAZKuYMeKX2v2/yrtGcrdaqdn2uvLSYP9chmqKXNIM087REb2mFmkgt6SMd04k1bNnWvFXrhQ4Ucs4k3RrWmz9tWsC5</latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ=">AAADiHichVI9TxtBEB1zSSAmhK8mEo0Vm4jK2kNI4BQIhSYlxnFAAgvdHQtecV/aOzuCE3+AtCAKqiBRoPyMNPkDKfgJUUoipUmRt+MLFkGQXe3d7Jt5M/tm1419laRCXBUGrEePnwwOPS0OPxt5Pjo2PvE+iTrak00v8iO97jqJ9FUom6lKfbkea+kEri/X3L1l41/rSp2oKHyX7seyFTi7odpRnpMCqte3xsqiKniU7hp2bp QpHyvReKFGm7RNEXnUoYAkhZTC9smhBHODbBIUA2tRBkzDUuyXdEhFcDuIkohwgO7hu4vdRo6G2JucCbM9VPGxNJglmhbfxKW4Fl/FZ/Fd/L43V8Y5zFn28Xd7XBlvjR69aPz6LyvAP6V2n/UA42+shncHizk3aIJY/aDiFKwFVqqgPGbE9MDrZeoenF43Xq9OZ6/EufgB9Z/ElfgC/WH3p3dRl6tnnF0zR9IH7lfA9UPcUAZfF7jJZm6lxYjLPd2+6Y7ZZezpqwlQvQzGIc8iV7mvQiO/+fatKhGmA4+C1pCRNrQqIBXkNu9HcR86UF0C1vdvctfMqvAZKuYMeKX2v2/yrtGcrdaqdn2uvLSYP9chmqKXNIM087REb2mFmkgt6SMd04k1bNnWvFXrhQ4Ucs4k3RrWmz9tWsC5</latexit>

Q
<latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit><latexit sha1_base64="zHL+f9ubgx+TE+4beAM5WF/T4XQ="></latexit>

L
<latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit><latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit><latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit><latexit sha1_base64="5IyzVduuFn+6/67yuc1/NBAZZLI="></latexit>

eQ
<latexit sha1_base64="xm0kkpshoFyO2fgmWtethHDshuU="></latexit><latexit sha1_base64="xm0kkpshoFyO2fgmWtethHDshuU="></latexit><latexit sha1_base64="xm0kkpshoFyO2fgmWtethHDshuU="></latexit><latexit sha1_base64="xm0kkpshoFyO2fgmWtethHDshuU="></latexit>

eL
<latexit sha1_base64="W0xprmPK0SNOIhcEedPJoHrrxI0="></latexit><latexit sha1_base64="W0xprmPK0SNOIhcEedPJoHrrxI0="></latexit><latexit sha1_base64="W0xprmPK0SNOIhcEedPJoHrrxI0="></latexit><latexit sha1_base64="W0xprmPK0SNOIhcEedPJoHrrxI0="></latexit>

fW
<latexit sha1_base64="thC20IibZde9qROxF501CgnJaIE="></latexit><latexit sha1_base64="thC20IibZde9qROxF501CgnJaIE="></latexit><latexit sha1_base64="thC20IibZde9qROxF501CgnJaIE="></latexit><latexit sha1_base64="thC20IibZde9qROxF501CgnJaIE="></latexit>ēhc

<latexit sha1_base64="Y0BpHoZnzm+f3yoBzu4atY+nbRE="></latexit><latexit sha1_base64="Y0BpHoZnzm+f3yoBzu4atY+nbRE="></latexit><latexit sha1_base64="Y0BpHoZnzm+f3yoBzu4atY+nbRE="></latexit><latexit sha1_base64="Y0BpHoZnzm+f3yoBzu4atY+nbRE="></latexit>

ehc
<latexit sha1_base64="0DFuBpV1p+99ai/5QfOM/+AXRXA="></latexit><latexit sha1_base64="0DFuBpV1p+99ai/5QfOM/+AXRXA="></latexit><latexit sha1_base64="0DFuBpV1p+99ai/5QfOM/+AXRXA="></latexit><latexit sha1_base64="0DFuBpV1p+99ai/5QfOM/+AXRXA="></latexit>

y
<latexit sha1_base64="EYfHnbxW5Pn3h1PtM+dehOagi7g="></latexit><latexit sha1_base64="EYfHnbxW5Pn3h1PtM+dehOagi7g="></latexit><latexit sha1_base64="EYfHnbxW5Pn3h1PtM+dehOagi7g="></latexit><latexit sha1_base64="EYfHnbxW5Pn3h1PtM+dehOagi7g="></latexit>

y0
<latexit sha1_base64="uAluLGZczIkRRKzzDlgri5oD8Ng="></latexit><latexit sha1_base64="uAluLGZczIkRRKzzDlgri5oD8Ng="></latexit><latexit sha1_base64="uAluLGZczIkRRKzzDlgri5oD8Ng="></latexit><latexit sha1_base64="uAluLGZczIkRRKzzDlgri5oD8Ng="></latexit>

g
<latexit sha1_base64="cKe03wV5eBAGNgCjlziiVA1xySE="></latexit><latexit sha1_base64="cKe03wV5eBAGNgCjlziiVA1xySE="></latexit><latexit sha1_base64="cKe03wV5eBAGNgCjlziiVA1xySE="></latexit><latexit sha1_base64="cKe03wV5eBAGNgCjlziiVA1xySE="></latexit>

g
<latexit sha1_base64="cKe03wV5eBAGNgCjlziiVA1xySE="></latexit><latexit sha1_base64="cKe03wV5eBAGNgCjlziiVA1xySE="></latexit><latexit sha1_base64="cKe03wV5eBAGNgCjlziiVA1xySE="></latexit><latexit sha1_base64="cKe03wV5eBAGNgCjlziiVA1xySE="></latexit>

y = y0 = 10�4
<latexit sha1_base64="uQ3PwEkt7SbWb6g7Fus2XHFMhxQ="></latexit><latexit sha1_base64="uQ3PwEkt7SbWb6g7Fus2XHFMhxQ="></latexit><latexit sha1_base64="uQ3PwEkt7SbWb6g7Fus2XHFMhxQ="></latexit><latexit sha1_base64="uQ3PwEkt7SbWb6g7Fus2XHFMhxQ="></latexit>

⇡0
<latexit sha1_base64="fT3l6VGuRIn6sNTb3ZYiswFBijs="></latexit><latexit sha1_base64="fT3l6VGuRIn6sNTb3ZYiswFBijs="></latexit><latexit sha1_base64="fT3l6VGuRIn6sNTb3ZYiswFBijs="></latexit><latexit sha1_base64="fT3l6VGuRIn6sNTb3ZYiswFBijs="></latexit>

dR
<latexit sha1_base64="hMD5RQADyYzc6SOGJldTjiyDztc="></latexit><latexit sha1_base64="hMD5RQADyYzc6SOGJldTjiyDztc="></latexit><latexit sha1_base64="hMD5RQADyYzc6SOGJldTjiyDztc="></latexit><latexit sha1_base64="hMD5RQADyYzc6SOGJldTjiyDztc="></latexit>

eL
<latexit sha1_base64="PnbeW7XzxuIvzNc0GINjy3NQhrw="></latexit><latexit sha1_base64="PnbeW7XzxuIvzNc0GINjy3NQhrw="></latexit><latexit sha1_base64="PnbeW7XzxuIvzNc0GINjy3NQhrw="></latexit><latexit sha1_base64="PnbeW7XzxuIvzNc0GINjy3NQhrw="></latexit>

uL
<latexit sha1_base64="nZ0+qZalOElCFwEOgqFFL4d8dKY="></latexit><latexit sha1_base64="nZ0+qZalOElCFwEOgqFFL4d8dKY="></latexit><latexit sha1_base64="nZ0+qZalOElCFwEOgqFFL4d8dKY="></latexit><latexit sha1_base64="nZ0+qZalOElCFwEOgqFFL4d8dKY="></latexit>

uR
<latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit><latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit><latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit><latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit>

p
<latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit><latexit sha1_base64="pNfNfA76ektEeLcnmvME1uDyRHk="></latexit>

uR
<latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit><latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit><latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit><latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit>

uR
<latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit><latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit><latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit><latexit sha1_base64="M8CTY3jUIp98c8zCUIEGMzlpnwg="></latexit>

10
<latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit> 10

<latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit>

g
<latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit><latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit><latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit><latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit>

g
<latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit><latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit><latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit><latexit sha1_base64="TqgytNpQj5k4Ndu0DWdujgiOA7Q="></latexit>

5
<latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit>

5
<latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit>

10
<latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit>

5
<latexit sha1_base64="f3srAhjOZI17mgFrczp1aICW8pg="></latexit><latexit sha1_base64="f3srAhjOZI17mgFrczp1aICW8pg="></latexit><latexit sha1_base64="f3srAhjOZI17mgFrczp1aICW8pg="></latexit><latexit sha1_base64="f3srAhjOZI17mgFrczp1aICW8pg="></latexit>

5
<latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit>

5
<latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit>

24
<latexit sha1_base64="M6LkC4SRdppnSNJqQW5vHwkE4Xo="></latexit><latexit sha1_base64="M6LkC4SRdppnSNJqQW5vHwkE4Xo="></latexit><latexit sha1_base64="M6LkC4SRdppnSNJqQW5vHwkE4Xo="></latexit><latexit sha1_base64="M6LkC4SRdppnSNJqQW5vHwkE4Xo="></latexit>

10
<latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit>10

<latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit>

10
<latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit><latexit sha1_base64="2cc+9lmCtVTz1R3V/9YOoN6qcHw="></latexit>

5
<latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit><latexit sha1_base64="NIWkPURVYqZxE5+ayXmDKshpKwU="></latexit>

24
<latexit sha1_base64="M6LkC4SRdppnSNJqQW5vHwkE4Xo="></latexit><latexit sha1_base64="M6LkC4SRdppnSNJqQW5vHwkE4Xo="></latexit><latexit sha1_base64="M6LkC4SRdppnSNJqQW5vHwkE4Xo="></latexit><latexit sha1_base64="M6LkC4SRdppnSNJqQW5vHwkE4Xo="></latexit>

gauge int.

Yukawa ints.
⌧p ⇠ 1

m5
p

��� 1
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g2yy0

MGUTMSUSY

���
2 = 7 · 1030[yrs]

<latexit sha1_base64="fD1XVN6fFOP7QxYS++3Y3dLlHTc="></latexit><latexit sha1_base64="fD1XVN6fFOP7QxYS++3Y3dLlHTc="></latexit><latexit sha1_base64="fD1XVN6fFOP7QxYS++3Y3dLlHTc="></latexit><latexit sha1_base64="fD1XVN6fFOP7QxYS++3Y3dLlHTc="></latexit>

X
<latexit sha1_base64="5oXH8gJbREchpuL2azELpwFPWXU="></latexit><latexit sha1_base64="5oXH8gJbREchpuL2azELpwFPWXU="></latexit><latexit sha1_base64="5oXH8gJbREchpuL2azELpwFPWXU="></latexit><latexit sha1_base64="5oXH8gJbREchpuL2azELpwFPWXU="></latexit>


