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Grand Unification 
at

Hadron Colliders

Bajc, Preda, Zantedeschi
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Grand Unification

• Magnetic monopoles

• Proton decay 

Unification of SM forces + charge quantisation

  SO(10) GUT, against 
decades long prejudice 

Preda, GS, Zantedeschi  ‘22

oasis ~ TEV 



 Minimal SU(5) 
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Double failure:

Gauge couplings do not unify Neutrino massless

U1 hits SU2 too soon No RH neutrino

Georgi, Glashow  ‘74

<latexit sha1_base64="ar2ZVLmeukkSO+PU3XwZoaiFKgM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKfJwkIIjHCOYByRJmJ5NkyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5xbUSkHnAccz+kAyX6glG0UqsTUE3Ou7fdYsktuzOQZeJlpAQZat3iV6cXsSTkCpmkxrQ9N0Y/pRoFk3xS6CSGx5SN6IC3LVU05MZPZ/dOyIlVeqQfaVsKyUz9PZHS0JhxGNjOkOLQLHpT8T+vnWD/yk+FihPkis0X9RNJMCLT50lPaM5Qji2hTAt7K2FDqilDG1HBhuAtvrxMGmdl76Jcua+UqtdZHHk4gmM4BQ8uoQp3UIM6MJDwDK/w5jw6L8678zFvzTnZzCH8gfP5AxkWj1o=</latexit>

5̄F
<latexit sha1_base64="jb/rP/0l3k21QMSCTUpbEiaxjNM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpCOKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuElz0NYHA4/3ZpiZF8ScaeO6305pbX1jc6u8XdnZ3ds/qB4edXSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNpreZ332iSrNIPppZTH2Bx5KFjGCTSZ47vBtWa27dzYFWiVeQGhRoDatfg1FEEkGlIRxr3ffc2PgpVoYRTueVQaJpjMkUj2nfUokF1X6a3zpHZ1YZoTBStqRBufp7IsVC65kIbKfAZqKXvUz8z+snJrz2UybjxFBJFovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8WG4C2/vEo6F3Xvst54aNSaN0UcZTiBUzgHD66gCffQgjYQmMAzvMKbI5wX5935WLSWnGLmGP7A+fwBL02NrQ==</latexit>

10F
<latexit sha1_base64="wsy1M8zFj8U+EpHFytY4bKOQSqo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXqSgpceK9gPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFre2d3b3ifung8Oj4pHx61tVRogjtkIhHqh9gTTmTtGOY4bQfK4pFwGkvmN1nfu+JKs0i+WjmMfUFnkgWMoJNJtXqo9aoXHGr7hJok3g5qUCO9qj8NRxHJBFUGsKx1gPPjY2fYmUY4XRRGiaaxpjM8IQOLJVYUO2ny1sX6MoqYxRGypY0aKn+nkix0HouAtspsJnqdS8T//MGiQlv/ZTJODFUktWiMOHIRCh7HI2ZosTwuSWYKGZvRWSKFSbGxlOyIXjrL2+Sbq3qNar1h3qleZfHUYQLuIRr8OAGmtCCNnSAwBSe4RXeHOG8OO/Ox6q14OQz5/AHzucPOfSNtA==</latexit>

24H
<latexit sha1_base64="/UIP0x8PSBOWh+Ebv+iJHfD7T8w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKfJwk4CXHiOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfy0YwT9CM6kDzkjBorPVz2ar1iyS27c5BV4mWkBBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasIbf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVH2rsqV+0qpepvFkYcTOIVz8OAaqlCDOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPyiWNeQ==</latexit>

5H

<latexit sha1_base64="Yo+klx9S9ekGjQDT5NgLVUVLfE0=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoKCVpi3ajFLpxWcE2hTaEyXTSDp08mJkIJfQ73Pgrblwo4k7c+DdO2gjaeuAOh3Pu5c49bsSokIbxpeVWVtfWN/Kbha3tnd09ff+gI8KYY9LGIQt510WCMBqQtqSSkW7ECfJdRix33Ex9655wQcPgTk4iYvtoGFCPYiSV5OhmpeZ04BWsO014BquOpV5TVanqNM8rjnWa8r6LOPwRHL1olI0Z4DIxM1IEGVqO/tEfhDj2SSAxQ0L0TCOSdoK4pJiRaaEfCxIhPEZD0lM0QD4RdjI7bQpPlDKAXshVBRLO1N8TCfKFmPiu6vSRHIlFLxX/83qx9Op2QoMoliTA80VezKAMYZoTHFBOsGQTRRDmVP0V4hHiCEuVZkGFYC6evEw6lbJ5Ua7d1oqN6yyOPDgCx6AETHAJGuAGtEAbYPAAnsALeNUetWftTXuft+a0bOYQ/IH2+Q3hXJn3</latexit>

24V = 8C + 3W + 1 + (3C , 2W ) + (3̄C , 2W )

SM gauge bosons X,Y gauge bosons

Fermions Higgs scalars
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Unification of gauge couplings

Low energies = SM particles 

No unification:  
U1 coupling hits SU2 too early 

104 107 1010 1013 1016

0.02

0.03

0.04

0.05

0.06
0.07

<latexit sha1_base64="MURE0jI50fDId8V+Poezv1pY/0s=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBAsJOxqUAuLgI1lBPOA7LrMTmaTIbMPZu4Ky5LCxl+xsVDE1o+w82+cJFto4oGBwznncucePxFcgWV9G0vLK6tr66WN8ubW9s6uubffVnEqKWvRWMSy6xPFBI9YCzgI1k0kI6EvWMcfXU/8zgOTisfRHWQJc0MyiHjAKQEteWbFAZJ6CXYGoEMhtq37/Kw+dk5wJj2zatWsKfAisQtSRQWanvnl9GOahiwCKohSPdtKwM2JBE4FG5edVLGE0BEZsJ6mEQmZcvPpEWN8pJU+DmKpXwR4qv6eyEmoVBb6OhkSGKp5byL+5/VSCC7dnEdJCiyis0VBKjDEeNII7nPJKIhME0Il13/FdEgkoaB7K+sS7PmTF0n7tGaf1+q39WrjqqijhCroEB0jG12gBrpBTdRCFD2iZ/SK3own48V4Nz5m0SWjmDlAf2B8/gAWOJcU</latexit>

⌧p & 1034 yr
<latexit sha1_base64="gCaqaEOd95skEfpq8SX042bhKvk=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEF1JmpD4WLgou6kaoYB/QGYdMmrahSWZIMkIZiht/xY0LRdz6Fe78G9N2Ftp6IHA451xu7gljRpV2nG8rt7C4tLySXy2srW9sbtnbOw0VJRKTOo5YJFshUoRRQeqaakZasSSIh4w0w8HV2G8+EKloJO70MCY+Rz1BuxQjbaTA3rsJqtDraZPg0HXuU/d05B3DKmkEdtEpORPAeeJmpAgy1AL7y+tEOOFEaMyQUm3XibWfIqkpZmRU8BJFYoQHqEfahgrEifLTyQkjeGiUDuxG0jyh4UT9PZEirtSQhybJke6rWW8s/ue1E9298FMq4kQTgaeLugmDOoLjPmCHSoI1GxqCsKTmrxD3kURYm9YKpgR39uR50jgpuWel8m25WLnM6siDfXAAjoALzkEFXIMaqAMMHsEzeAVv1pP1Yr1bH9NozspmdsEfWJ8/hpaVlA==</latexit>

MG & 1015 GeV

Either U1 or SU2 must be slowed down
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104 107 1010 1013 1016

0.02

0.05

0.10

Threshold effects

<latexit sha1_base64="GeunpeJgoc1zKU5wLQDz9359tR0=">AAACGnicbVDLSsNAFJ34rPUVdelmsAgVpSRt0W6UQjddVrBNoQ1hMp20QycPZiZCCf0ON/6KGxeKuBM3/o2TNoK2HrjD4Zx7uXOPGzEqpGF8aSura+sbm7mt/PbO7t6+fnDYEWHMMWnjkIW86yJBGA1IW1LJSDfiBPkuI5Y7bqS+dU+4oGFwJycRsX00DKhHMZJKcnSzXHWa8BrWnAY8hxXHUq+pqlhxGhdlxzpLed9FHP4Ijl4wSsYMcJmYGSmADC1H/+gPQhz7JJCYISF6phFJO0FcUszINN+PBYkQHqMh6SkaIJ8IO5mdNoWnShlAL+SqAgln6u+JBPlCTHxXdfpIjsSil4r/eb1YejU7oUEUSxLg+SIvZlCGMM0JDignWLKJIghzqv4K8QhxhKVKM69CMBdPXiadcsm8LFVvq4X6TRZHDhyDE1AEJrgCddAELdAGGDyAJ/ACXrVH7Vl7097nrStaNnME/kD7/AbJrpnp</latexit>

24H = 8C + 3W + 1 + (3C , 2W ) + (3̄C , 2W )
Eaten by X,Y gauge bosons

<latexit sha1_base64="X8iSpTVGKAOENlKbjR8cQ0UZW6M=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEilKSWh8bpdBNlxVsU2hDmEyn7dDJJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3Hj9iVCrL+jYyS8srq2vZ9dzG5tb2jrm715RhLDBp4JCFouUjSRjlpKGoYqQVCYICnxHHH1YnvvNAhKQhv1ejiLgB6nPaoxgpLXnmwYVXgzew5DnwFNq6Cude9cz2nBPPzFtFawq4SOyU5EGKumd+dbohjgPCFWZIyrZtRcpNkFAUMzLOdWJJIoSHqE/amnIUEOkm0xfG8FgrXdgLhS6u4FT9PZGgQMpR4OvOAKmBnPcm4n9eO1a9azehPIoV4Xi2qBczqEI4yQN2qSBYsZEmCAuqb4V4gATCSqeW0yHY8y8vkmapaF8Wy3flfOU2jSMLDsERKAAbXIEKqIE6aAAMHsEzeAVvxpPxYrwbH7PWjJHO7IM/MD5/ALxQkys=</latexit>

5H = 2W + 1 + (3C , 1W )

Heavy: 
p decay

Problem remains

There can be no desert in SU(5)

SU2 must be slowed down
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Saving SU(5)

• Add
Dorsner, Fileviez Perez ‘05

Type II seesaw, 
Light particles

• Add
<latexit sha1_base64="vvYbPUy/Y6DXzg6yRdwjd/dNcW8=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXqSgiAeK9gPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFjc2t7Z3ibmlv/+DwqHx80tFRoghtk4hHqhdgTTmTtG2Y4bQXK4pFwGk3mN5mfveJKs0i+WhmMfUFHksWMoJNJtXqw7thueJW3QXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExNe+ymTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnVrVa1TrD/VK8yaPowhncA6X4MEVNOEeWtAGAhN4hld4c4Tz4rw7H8vWgpPPnMIfOJ8/NuyNsg==</latexit>

24F
Bajc, GS ‘06<latexit sha1_base64="j1JuXtdlQOrHwg7ukOYkD9O7Ysw=">AAACF3icbVDLSsNAFJ34rPUVdelmsAgVS0hqUTeVQkFcVrAPaUOYTKft0MkkzEyEEvoXbvwVNy4Ucas7/8Zpm4W2HrhwOOde7r3HjxiVyra/jaXlldW19cxGdnNre2fX3NtvyDAWmNRxyELR8pEkjHJSV1Qx0ooEQYHPSNMfVid+84EISUN+p0YRcQPU57RHMVJa8kyrWPKuYRnmz7xmATpetQDvy/YJPIV5Z16xLMszc7ZlTwEXiZOSHEhR88yvTjfEcUC4wgxJ2XbsSLkJEopiRsbZTixJhPAQ9UlbU44CIt1k+tcYHmulC3uh0MUVnKq/JxIUSDkKfN0ZIDWQ895E/M9rx6p36SaUR7EiHM8W9WIGVQgnIcEuFQQrNtIEYUH1rRAPkEBY6SizOgRn/uVF0ihazrlVui3lKldpHBlwCI5AHjjgAlTADaiBOsDgETyDV/BmPBkvxrvxMWtdMtKZA/AHxucP1zqYOA==</latexit>

24F = (3W , 1C , Y = 0) + (1W , 1C , Y = 0) + ...

Triplet fermion: 
Type III seesaw

Singlet fermion: 
type I seesaw

Unification 3F and 3H @ TeV

<latexit sha1_base64="eg3Flb4cNh/v9zZzB5E9o5EpP9Y=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQsYSk1semUuimywr2IW0Ik+mkHTp5MDMRSujKjb/ixoUibv0Gd/6N0zYLrR64cDjnXu69x40YFdI0v7TM0vLK6lp2PbexubW9o+/utUQYc0yaOGQh77hIEEYD0pRUMtKJOEG+y0jbHdWmfvuecEHD4FaOI2L7aBBQj2IkleToh9A6d+qwAgtnTrsILadWhHeV0gk8hYZhOHreNMwZ4F9ipSQPUjQc/bPXD3Hsk0BihoToWmYk7QRxSTEjk1wvFiRCeIQGpKtogHwi7GT2xgQeK6UPvZCrCiScqT8nEuQLMfZd1ekjORSL3lT8z+vG0ruyExpEsSQBni/yYgZlCKeZwD7lBEs2VgRhTtWtEA8RR1iq5HIqBGvx5b+kVTKsC6N8U85Xr9M4suAAHIECsMAlqII6aIAmwOABPIEX8Ko9as/am/Y+b81o6cw++AXt4xs6jJPe</latexit>

15H = (3W , 1C , Y = 2) + ...

<latexit sha1_base64="VgH4Se9ZUmlpvw24xt/BU08ApjM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mVVj1JwUuPFewHtEvJptk2NMkuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8zv/tElWaRfDSzmPoCjyULGcEmk7z6sDksV9yquwBaJ15OKpCjNSx/DUYRSQSVhnCsdd9zY+OnWBlGOJ2XBommMSZTPKZ9SyUWVPvp4tY5urDKCIWRsiUNWqi/J1IstJ6JwHYKbCZ61cvE/7x+YsJbP2UyTgyVZLkoTDgyEcoeRyOmKDF8ZgkmitlbEZlghYmx8ZRsCN7qy+ukc1X1rqu1h1qlcZfHUYQzOIdL8OAGGtCEFrSBwASe4RXeHOG8OO/Ox7K14OQzp/AHzucPOfONtA==</latexit>

15H



Minimal SO(10) Georgi  ‘74
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Fritzsch, Minkowski  ‘74

d

d

d

u

u

u

 16 =

0

BBBBBBBBBBBBBBBBBBBBBBBBBB@

⌫

e
ec

⌫c

1

CCCCCCCCCCCCCCCCCCCCCCCCCCA
uc

uc
uc

dc

dc
dc

Generation unified (heavy) RH neutrino 

small neutrino mass through seesaw mechanism 

neutrino is light,  
since N is heavy



Intermediate symmetry in SO(10)

Maximal subgroup: 
<latexit sha1_base64="oGr4WDWFtwf66jHyo5zKxw/ZBeo=">AAACI3icbVBdSwJBFJ21L7OvrR57GZJAX2RXxEIIhF56CLJsTdBlmR1ndXD2g5nZQBb/Sy/9lV56KKSXHvovjbpEageGOffce7n3HjdiVEjD+NIya+sbm1vZ7dzO7t7+gX541BJhzDGxcMhC3naRIIwGxJJUMtKOOEG+y8ijO7ya5h+fCBc0DB7kKCK2j/oB9ShGUkmOXmveFqpF2JXUJwKqoFKEl7Bpqd/Bv7JVKBedm8Xw3tHzRsmYAa4SMyV5kKLh6JNuL8SxTwKJGRKiYxqRtBPEJcWMjHPdWJAI4SHqk46iAVLD7GR24xieKaUHvZCrF0g4U/92JMgXYuS7qtJHciCWc1Pxv1wnlt6FndAgiiUJ8HyQFzMoQzg1DPYoJ1iykSIIc6p2hXiAOMJS2ZpTJpjLJ6+SVrlkVkuVu0q+XkvtyIITcAoKwATnoA6uQQNYAINn8ArewYf2or1pE+1zXprR0p5jsADt+wcCwJ+Y</latexit>

SO(6)⇥ SO(4) = SU(4)c ⇥ SU(2)L ⇥ SU(2)R

PS 4 colors LR symmetry

U1 embedded in non-Abelian

Rizzo, GS  ’80

Del Aguila, Ibanez  ‘80104 107 1010 1013 1016

0.02

0.03

0.04

0.05

0.06

<latexit sha1_base64="N/t63/jfyG3ow2CSkk8WOPdwOQU=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBAsJOxKULEKWGihEMU8IFmX2cndZMjsw5lZISwpbPwVGwtFbP0IO//GSbKFJh64cOace5l7jxdzJpVlfRtz8wuLS8u5lfzq2vrGprm1XZdRIijUaMQj0fSIBM5CqCmmODRjASTwODS8/tnIbzyAkCwKb9UgBicg3ZD5jBKlJdcsXLnp5c0QtyUL4B7b1l1q2/p5cA511yxaJWsMPEvsjBRRhqprfrU7EU0CCBXlRMqWbcXKSYlQjHIY5tuJhJjQPulCS9OQBCCddHzEEO9ppYP9SOgKFR6rvydSEkg5CDzdGRDVk9PeSPzPayXKP3FSFsaJgpBOPvITjlWER4ngDhNAFR9oQqhgeldMe0QQqnRueR2CPX3yLKkfluyjUvm6XKycZnHkUAHton1ko2NUQReoimqIokf0jF7Rm/FkvBjvxsekdc7IZnbQHxifPycllno=</latexit>

MLR ' 1011 GeV

slowed down

 desert all the way to intermediate scale



9

Minimal SO(10) theory

45H = adjoint 16H = spinor 10H = vector 

Higgs sector

GUT breaking B-L breaking SM breaking

<latexit sha1_base64="T4m4Sx1a+wP+OeqQ/ck2/s8z7jI=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0IWVGShVBKAjShYsK9kVnGDJp2oZmMkOSEcrQT3Djr7hxoYhbl+78GzPtLLT1QMjJOfeSe48fMSqVZX0buaXlldW1/HphY3Nre8fc3WvKMBaYNHDIQtH2kSSMctJQVDHSjgRBgc9Iyx9dp37rgQhJQ36vxhFxAzTgtE8xUlryzGMnQGqIEUtuJ14HXsGOcwrtineTXpZXy17QM4tWyZoCLhI7I0WQoe6ZX04vxHFAuMIMSdm1rUi5CRKKYkYmBSeWJEJ4hAakqylHAZFuMl1oAo+00oP9UOjDFZyqvzsSFEg5DnxdmY4v571U/M/rxqp/4SaUR7EiHM8+6scMqhCm6cAeFQQrNtYEYUH1rBAPkUBY6QwLOgR7fuVF0jwr2ZVS+a5crF5mceTBATgEJ8AG56AKaqAOGgCDR/AMXsGb8WS8GO/Gx6w0Z2Q9++APjM8fKmOZcg==</latexit>

LY = Y 16F 10H 16F <10H> = PS singlet 

<latexit sha1_base64="GsRP11xHN8lHVb8Nrk6olsQdtfo=">AAACB3icbVBNS8MwGE7n15xfVY+CBIfgYYxWhooiDPTgcYKbg7WUNE23sKQtSSqMspsX/4oXD4p49S9489+YdT3o5hMCT57nfXnzPn7CqFSW9W2UFhaXllfKq5W19Y3NLXN7pyPjVGDSxjGLRddHkjAakbaiipFuIgjiPiP3/vBq4t8/ECFpHN2pUUJcjvoRDSlGSkueuc+9AF5C7hGnduHUpkc/01y89syqVbdywHliF6QKCrQ888sJYpxyEinMkJQ920qUmyGhKGZkXHFSSRKEh6hPeppGiBPpZvkeY3iolQCGsdA3UjBXf3dkiEs54r6u5EgN5Kw3Ef/zeqkKz9yMRkmqSISng8KUQRXDSSgwoIJgxUaaICyo/ivEAyQQVjq6ig7Bnl15nnSO6/ZJvXHbqDbPizjKYA8cgCNgg1PQBDegBdoAg0fwDF7Bm/FkvBjvxse0tGQUPbvgD4zPH4Yhloc=</latexit>md = me ; mu = mD Neutrino Dirac mass

Needs higher dimensional operators

⟨45H⟩ = MGUT ⟨16H⟩ = MI ⟨10H⟩ = MW
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Seesaw mechanism

N 

nu - N mass matrix

⌫ ✓
0 MT

D
MD MN

◆

<latexit sha1_base64="aiwEZdcGcUlR9wn23J5Sb8aArYA="></latexit>

Majorana neutrino

3rd generation:
<latexit sha1_base64="+ck7ZMivHeeUPVwa2t3j8kc+Wt4=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiop6koAePFewHtCFstpt26W4SdydCDf0lXjwo4tWf4s1/46bNQVsfDDzem2FmXpAIrsFxvq3Syura+kZ5s7K1vbNbtff22zpOFWUtGotYdQOimeARawEHwbqJYkQGgnWC8XXudx6Z0jyO7mGSME+SYcRDTgkYyber0r/Bfc0le8DSh4pv15y6MwNeJm5BaqhA07e/+oOYppJFQAXRuuc6CXgZUcCpYNNKP9UsIXRMhqxnaEQk0142O3yKj40ywGGsTEWAZ+rviYxIrScyMJ2SwEgvern4n9dLIbz0Mh4lKbCIzheFqcAQ4zwFPOCKURATQwhV3NyK6YgoQsFklYfgLr68TNqndfe8fnZ3VmtcFXGU0SE6QifIRReogW5RE7UQRSl6Rq/ozXqyXqx362PeWrKKmQP0B9bnD4grkls=</latexit>mD ' mt

<latexit sha1_base64="kGIF0TKd0KpzbJMvANdR0tlRzlQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUVdScOOygn1AE8JketMOnZmEmYlQS/FX3LhQxK3/4c6/MWmz0NYDFw7n3Mu994QJZ9o4zrdVWlldW98ob1a2tnd29+z9g7aOU0WhRWMeq25INHAmoWWY4dBNFBARcuiEo5vc7zyA0iyW92acgC/IQLKIUWIyKbCPRODJFHsctNZMYBdDuxLYVafmzICXiVuQKirQDOwvrx/TVIA0lBOte66TGH9ClGGUw7TipRoSQkdkAL2MSiJA+5PZ9VN8mil9HMUqK2nwTP09MSFC67EIs05BzFAvern4n9dLTXTlT5hMUgOSzhdFKccmxnkUuM8UUMPHGSFUsexWTIdEEWqywPIQ3MWXl0n7vOZe1Op39WrjuoijjI7RCTpDLrpEDXSLmqiFKHpEz+gVvVlP1ov1bn3MW0tWMXOI/sD6/AHmvZQ1</latexit>

m⌫ . 1eV
<latexit sha1_base64="Bq+d0tSe8AZ3dZx3jFCakWPFdgM=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzKjRV1JwYW6ECrYB7TjkEkzbWiSGZKMUIa68VfcuFDErX/hzr8x085CWw8EDuecy809Qcyo0o7zbc3NLywuLRdWiqtr6xub9tZ2Q0WJxKSOIxbJVoAUYVSQuqaakVYsCeIBI81gcJH5zQciFY3EnR7GxOOoJ2hIMdJG8u3dG/8adnraJDh0nfvUPR7BS9Io+nbJKTtjwFni5qQEctR8+6vTjXDCidCYIaXarhNrL0VSU8zIqNhJFIkRHqAeaRsqECfKS8cXjOCBUbowjKR5QsOx+nsiRVypIQ9MkiPdV9NeJv7ntRMdnnkpFXGiicCTRWHCoI5gVgfsUkmwZkNDEJbU/BXiPpIIa1NaVoI7ffIsaRyV3ZNy5bZSqp7ndRTAHtgHh8AFp6AKrkAN1AEGj+AZvII368l6sd6tj0l0zspndsAfWJ8/m3qVDg==</latexit>

MI & 1013GeV

Needs light scalars  to slow down SU2:
<latexit sha1_base64="cjotr0DPUU5BaZfe9rrts2EIkck=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokW9SQFLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSw0Wv1SuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOiGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhNd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHpFG0I3uLLy6R5XvEuK9X7arl2k8dRgGM4gTPw4ApqcAd1aACDATzDK7w5wnlx3p2PeeuKk88cwR84nz/d1Y2G</latexit>

3W
<latexit sha1_base64="4X1t8wWd523c1zV7wuLREouMfJ4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahgpSkFvUkhV48VrAf2Iaw2W7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/rgx8ztPVCoWiQc9iakb4qFgASNYG+mxXPU6F+jSa5x7xZJdsedAq8TJSAkyNL3iV38QkSSkQhOOleo5dqzdFEvNCKfTQj9RNMZkjIe0Z6jAIVVuOr94is6MMkBBJE0Jjebq74kUh0pNQt90hliP1LI3E//zeokObtyUiTjRVJDFoiDhSEdo9j4aMEmJ5hNDMJHM3IrICEtMtAmpYEJwll9eJe1qxbmq1O5rpfptFkceTuAUyuDANdThDprQAgICnuEV3ixlvVjv1seiNWdlM8fwB9bnDxmjjz0=</latexit>

(2W , 3C)

To adjust SU3:
<latexit sha1_base64="ccB07BMFsl2TKrFN6GLlmhEl2gc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexK0JwkkIvHiOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwrs/99hMqzWP5aCYJ+hEdSh5yRo2VHqr9er9YcsvuAmSdeBkpQYZGv/jVG8QsjVAaJqjWXc9NjD+lynAmcFbopRoTysZ0iF1LJY1Q+9PFqTNyYZUBCWNlSxqyUH9PTGmk9SQKbGdEzUivenPxP6+bmrDqT7lMUoOSLReFqSAmJvO/yYArZEZMLKFMcXsrYSOqKDM2nYINwVt9eZ20rsredblyXynVbrM48nAG53AJHtxADe6gAU1gMIRneIU3RzgvzrvzsWzNOdnMKfyB8/kDxyONdw==</latexit>

8C

Minimal SO(10): revisited

<latexit sha1_base64="hgHfkbkQdvybH+6U6D2O4LKovAk=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRS1JUU3OiiUsE+oA1hMp20Q2cmYWailNhPceNCEbd+iTv/xkmbhbYeuHA4517uvSeIGVXacb6twsrq2vpGcbO0tb2zu2eX99sqSiQmLRyxSHYDpAijgrQ01Yx0Y0kQDxjpBOOrzO88EKloJO71JCYeR0NBQ4qRNpJvlxv+LewzopSiHDb8m5JvV5yqMwNcJm5OKiBH07e/+oMIJ5wIjRlSquc6sfZSJDXFjExL/USRGOExGpKeoQJxorx0dvoUHhtlAMNImhIaztTfEyniSk14YDo50iO16GXif14v0eGFl1IRJ5oIPF8UJgzqCGY5wAGVBGs2MQRhSc2tEI+QRFibtLIQ3MWXl0n7tOqeVWt3tUr9Mo+jCA7BETgBLjgHdXANmqAFMHgEz+AVvFlP1ov1bn3MWwtWPnMA/sD6/AGep5Lv</latexit>

MN . MI

Preda, GS, Zantedeschi  ‘22

squarkscalar W, Z

scalar gluon
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104 107 1010 1013 1016

0.02

0.05

0.10

<latexit sha1_base64="XJuXMLJ1vGLdyqrSQJ8D2ADvA4A=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEgKoEKmCsYGEsEn1ITYgc12mt2k6wHaQo6sDCr7AwgBArH8HG3+A+Bmg50pWOzrlX994TJowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDq7HffiBS0Vjc6iwhPkd9QSOKkTZSYJc9jdIggZ6inNxD17nLT2sj6B3DTAZ2xak6E8BF4s5IBczQCOwvrxfjlBOhMUNKdV0n0X6OpKaYkVHJSxVJEB6iPukaKhAnys8nT4zgoVF6MIqlKaHhRP09kSOuVMZD08mRHqh5byz+53VTHV34ORVJqonA00VRyqCO4TgR2KOSYM0yQxCW1NwK8QBJhLXJrWRCcOdfXiStk6p7Vq3d1Cr1y1kcRVAGB+AIuOAc1ME1aIAmwOARPINX8GY9WS/Wu/UxbS1Ys5l98AfW5w+Q25bD</latexit>

⌧p ' 1034 yr

m3 = m8 = msq = TeV

They must lie below 10 TeV
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Connection with W-mass GS, Zantedeschi  ‘22

<latexit sha1_base64="cjotr0DPUU5BaZfe9rrts2EIkck=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokW9SQFLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSw0Wv1SuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc 4ETordVGNC2YgOsGOppBFqP5udOiGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhNd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHpFG0I3uLLy6R5XvEuK9X7arl2k8dRgGM4gTPw4ApqcAd1aACDATzDK7w5wnlx3p2PeeuKk88cwR84nz/d1Y2G</latexit>

3W Weak triplet, Y = 0

W-mass deviation, 
Z intact

<latexit sha1_base64="RiWSiMeLk4xT/+efQzpyMArf6IY=">AAACA3icbZDNSsNAFIUn9a/Wv6o73QwWwVVJtKgrKbhxI1SwTaEJYTK9bYdOJmFmIpRQcOOruHGhiFtfwp1v47TNQlsPDHycey937gkTzpS27W+rsLS8srpWXC9tbG5t75R391oqTiWFJo15LNshUcCZgKZmmkM7kUCikIMbDq8ndfcBpGKxuNejBPyI9AXrMUq0sYLygceJ6HPAZ4HryRl6nOPbwA3KFbtqT4UXwcmhgnI1gvKX141pGoHQlBOlOo6daD8jUjPKYVzyUgUJoUPSh45BQSJQfja9YYyPjdPFvViaJzSeur8nMhIpNYpC0xkRPVDztYn5X62T6t6lnzGRpBoEnS3qpRzrGE8CwV0mgWo+MkCoZOavmA6IJFSb2EomBGf+5EVonVad82rtrlapX+VxFNEhOkInyEEXqI5uUAM1EUWP6Bm9ojfryXqx3q2PWWvBymf20R9Znz+Y65bY</latexit>

h3W i ⌧ MW

CDF  ‘22

<latexit sha1_base64="NcgQhp7FwGRmiUnfPJTmbLpYKJY=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJiLqSghs3hYr2Am0Mk+lpO3QyiTMTpcQ+ihsXirj1Sdz5Nk7bLLT1h4GP/5zDOfMHMWdKO863lVtaXlldy68XNja3tnfs4m5DRYmkUKcRj2QrIAo4E1DXTHNoxRJIGHBoBsPLSb35AFKxSNzqUQxeSPqC9Rgl2li+Xaz6TdwRcI8N3KU31bFvl5yyMxVeBDeDEspU8+2vTjeiSQhCU06UartOrL2USM0oh3GhkyiICR2SPrQNChKC8tLp6WN8aJwu7kXSPKHx1P09kZJQqVEYmM6Q6IGar03M/2rtRPfOvZSJONEg6GxRL+FYR3iSA+4yCVTzkQFCJTO3YjogklBt0iqYENz5Ly9C47jsnpZPrk9KlYssjjzaRwfoCLnoDFXQFaqhOqLoET2jV/RmPVkv1rv1MWvNWdnMHvoj6/MHB/aTNg==</latexit>

MW 6= MSM
W

Buras, Ellis, Gaillard, Nanopoulos  ‘78

…

Talk by  Zantedeschi  

<latexit sha1_base64="aozD7kSuz2tMRW9sF/7u9OtJjU8="></latexit>

h3W i ' µ

✓
MW

m3

◆2
<latexit sha1_base64="4a2dDc1qU7RPoJtLTfRKZrRl/mc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQLCXRoq6k4MaNUNG2QhPDZDJJh04ezEyEEvIRbvwVNy4UcevCnX/jtA2irQcuHM65l3vvcRNGhTSML600N7+wuFRerqysrq1v6JtbHRGnHJM2jlnMb10kCKMRaUsqGblNOEGhy0jXHZyP/O494YLG0Y0cJsQOURBRn2IkleToB1aYWjVotfrUya4v87vM8lAQEJ4r9cjpQqv24zl61agbY8BZYhakCgq0HP3T8mKchiSSmCEheqaRSDtDXFLMSF6xUkEShAcoID1FIxQSYWfjp3K4pxQP+jFXFUk4Vn9PZCgUYhi6qjNEsi+mvZH4n9dLpX9qZzRKUkkiPFnkpwzKGI4Sgh7lBEs2VARhTtWtEPcRR1iqHCsqBHP65VnSOaybx/XGVaPaPCviKIMdsAv2gQlOQBNcgBZoAwwewBN4Aa/ao/asvWnvk9aSVsxsgz/QPr4B9ISdgQ==</latexit>

µ�†
SM 3W �SM

<latexit sha1_base64="x9v26Leol9jDgfhJ6QGCH8rBIOQ=">AAACC3icbZC7SgNBFIZnvcZ4i1raDAmChYRdjZdKAhZaRjAXyIZldnI2GTI7u87MCmFJb+Or2FgoYusL2Pk2TpItNPGHgY//nMOZ8/sxZ0rb9re1sLi0vLKaW8uvb2xubRd2dhsqSiSFOo14JFs+UcCZgLpmmkMrlkBCn0PTH1yN680HkIpF4k4PY+iEpCdYwCjRxvIKRZcT0eOAT7ymK6foKhbCPT7F7hG+hoZXKNlleyI8D04GJZSp5hW+3G5EkxCEppwo1XbsWHdSIjWjHEZ5N1EQEzogPWgbFCQE1Uknt4zwgXG6OIikeULjift7IiWhUsPQN50h0X01Wxub/9XaiQ4uOikTcaJB0OmiIOFYR3gcDO4yCVTzoQFCJTN/xbRPJKHaxJc3ITizJ89D47jsnJUrt5VS9TKLI4f2UREdIgedoyq6QTVURxQ9omf0it6sJ+vFerc+pq0LVjazh/7I+vwBgySZaw==</latexit>

h3W i ' 5GeV
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Summary

• SO(10) theory: decades of prejudice of a desert up to a huge  MI

Oasis ~ TeV predicted from unification constraints

Among others, a real weak triplet 
scalar - tadpole vev 

Modifies naturally W-mass 

CDF result:  ⟨3W⟩ ≃ 5 GeV Low energy effective theory 
remarkable predictive

• Minimal realistic SU(5): oasis ~ TeV, in a sense expected

Talk by  Zantedeschi  



Thank you
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Low energy supersymmetry

particle sparticle

<latexit sha1_base64="3HsEm3tSkYzOW+bKlh23sddyRj0=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwSrcSVArCdhYRkhiIAlhbzOXLNndO3f3hHBc41+xsVDE1p9h579xk1yhiQ8GHu/NMDMviDnTxvO+ncLK6tr6RnGztLW9s7vn7h+0dJQoCk0a8Ui1A6KBMwlNwwyHdqyAiIDDfTC+mfr3j6A0i2TDTGLoCTKULGSUGCv13SPRT7uG8QHgOMNdzQQ84Aa0+m7Zq3gz4GXi56SMctT77ld3ENFEgDSUE607vhebXkqUYZRDVuomGmJCx2QIHUslEaB76eyBDJ9aZYDDSNmSBs/U3xMpEVpPRGA7BTEjvehNxf+8TmLCq17KZJwYkHS+KEw4NhGepoEHTAE1fGIJoYrZWzEdEUWosZmVbAj+4svLpHVe8S8q1btquXadx1FEx+gEnSEfXaIaukV11EQUZegZvaI358l5cd6dj3lrwclnDtEfOJ8/LxuWIg==</latexit>

mp̃ ' TeV

<latexit sha1_base64="Cd/Y8Wvb69NHmr6g7cv5oXIopfs=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYD+gDWWz2bRLN5uwOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzglQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUr9fI+Chlykk7JoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56bo51SjYJJPK/3M8JSyMR3ynqWKxtz4+fzkKTmzSkiiRNtSSObq74mcxsZM4sB2xhRHZtmbif95vQyjGz8XKs2QK7ZYFGWSYEJm/5NQaM5QTiyhTAt7K2EjqilDm1LFhuAtv7xK2hd176p++XBZa9wWcZThBE7hHDy4hgbcQxNawCCBZ3iFNwedF+fd+Vi0lpxi5hj+wPn8AetskQM=</latexit>

p̃
<latexit sha1_base64="QiAcMqBz4PGvFtgPJIT+Og+clac=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeiBJv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoepfV2n2tUr/J4yjCCZzCOXhwBXW4gwY0gUEIz/AKb87YeXHenY9Fa8HJZ47hD5zPHzFmjSM=</latexit>p

<latexit sha1_base64="MtrcuXYrUi1ITlbgQEjyoVR+B2I="></latexit>

m2
h = m2

0 +
yt

16⇡2
⇤2 +m2

t + ...

<latexit sha1_base64="Yo3hW45KM723x1McvPNjaub2gu0="></latexit>

� yt
16⇡2

⇤2 �m2
t̃ + ...

SM Higgs correction

SSM addition

Supersymmetry:

 Ibanez,  Ross  ‘81

Dimpopoulos et al  ‘81

 Einhorn,  Jones  ‘81

Marciano,  GS  ‘81
1000 106 109 1012 1015

0.02

0.05

0.10
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<latexit sha1_base64="UBXdS2zpBmLKXeVSKRkB/e8p+w8="></latexit>

⇤ = ⇤MSSM

✓
M2

GUT

m3m8

◆3/4

.
Needs naturalness, otherwise:

1000 106 109 1012 1015

0.02

0.03

0.04

0.05

0.06
0.07

GS, Zantedeschi  ‘22
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 = cut-offΛ
<latexit sha1_base64="5kaqf1V/0bXi3yjt61/v/RAbLsQ="></latexit>

Ld=5
Y

= 16F 10H
h45Hi
⇤

16F
<latexit sha1_base64="zVIoU8st3GCrMOUCf0qGSQiZFRg=">AAACBXicbVDNSsNAGNz4W+tf1KMeFovgQUoiRcVTwYMeFCo0baEJYbPZtEs3m7C7EUroxYuv4sWDIl59B2++jds2B20dWBhm5uPbb4KUUaks69tYWFxaXlktrZXXNza3ts2d3ZZMMoGJgxOWiE6AJGGUE0dRxUgnFQTFASPtYHA19tsPREia8KYapsSLUY/TiGKktOSbB+6tDocIuj2lUzG0LfcE3vn5tdMc+WbFqloTwHliF6QCCjR888sNE5zFhCvMkJRd20qVlyOhKGZkVHYzSVKEB6hHuppyFBPp5ZMrRvBIKyGMEqEfV3Ci/p7IUSzlMA50MkaqL2e9sfif181UdOHllKeZIhxPF0UZgyqB40pgSAXBig01QVhQ/VeI+0ggrHRxZV2CPXvyPGmdVu2zau2+VqlfFnWUwD44BMfABuegDm5AAzgAg0fwDF7Bm/FkvBjvxsc0umAUM3vgD4zPH1v/lzA=</latexit>

⇤ & 10MGUT

And other terms …

d=5 operators
example



4C 2L 2R 4C 2L 1R 3c 2L 2R 1X 3c 2L 1R 1X 3c 2L 1Y 5 50 1Z0 1Y 0

(4, 2, 1) (4, 2, 0)
�
3, 2, 1,+ 1

6

� �
3, 2, 0,+ 1

6

� �
3, 2,+ 1

6

�
10 (10,+1) + 1

6�
1, 2, 1,� 1

2

� �
1, 2, 0,� 1

2

� �
1, 2,� 1

2

�
5

�
5,�3

�
� 1

2�
4, 1, 2

� �
4, 1,+ 1

2

� �
3, 1, 2,� 1

6

� �
3, 1,+ 1

2 ,�
1
6

� �
3, 1,+ 1

3

�
5 (10,+1) � 2

3�
4, 1,� 1

2

� �
3, 1,� 1

2 ,�
1
6

� �
3, 1,� 2

3

�
10

�
5,�3

�
+ 1

3�
1, 1, 2,+ 1

2

� �
1, 1,+ 1

2 ,+
1
2

�
(1, 1,+1) 10 (1,+5) 0

�
1, 1,� 1

2 ,+
1
2

�
(1, 1, 0) 1 (10,+1) +1

<latexit sha1_base64="n+JlYnCxP8X0i2t4PI0P74A2OgE="></latexit>

4C 2L 2R 4C 2L 1R 3c 2L 2R 1X 3c 2L 1R 1X 3c 2L 1Y 5 50 1Z0 1Y 0

(1, 1, 3) (1, 1,+1) (1, 1, 3, 0) (1, 1,+1, 0) (1, 1,+1) 10 (10,�4) +1

(1, 1, 0) (1, 1, 0, 0) (1, 1, 0) 1 (1, 0) 0

(1, 1,�1) (1, 1,�1, 0) (1, 1,�1) 10
�
10,+4

�
�1

(1, 3, 1) (1, 3, 0) (1, 3, 1, 0) (1, 3, 0, 0) (1, 3, 0) 24 (24, 0) 0

(6, 2, 2)
�
6, 2,+ 1

2

� �
3, 2, 2,� 1

3

� �
3, 2,+ 1

2 ,�
1
3

� �
3, 2, 1

6

�
10 (24, 0) � 5

6�
6, 2,� 1

2

� �
3, 2,� 1

2 ,�
1
3

� �
3, 2,� 5

6

�
24 (10,�4) + 1

6�
3, 2, 2,+ 1

3

� �
3, 2,+ 1

2 ,+
1
3

� �
3, 2,+ 5

6

�
24

�
10,+4

�
� 1

6�
3, 2,� 1

2 ,+
1
3

� �
3, 2,� 1

6

�
10 (24, 0) + 5

6

(15, 1, 1) (15, 1, 0) (1, 1, 1, 0) (1, 1, 0, 0) (1, 1, 0) 24 (24, 0) 0
�
3, 1, 1,+ 2

3

� �
3, 1, 0,+ 2

3

� �
3, 1,+ 2

3

�
10

�
10,+4

�
+ 2

3�
3, 1, 1,� 2

3

� �
3, 1, 0,� 2

3

� �
3, 1,� 2

3

�
10 (10,�4) � 2

3

(8, 1, 1, 0) (8, 1, 0, 0) (8, 1, 0) 24 (24, 0) 0
<latexit sha1_base64="CVzFeZlluo//kQ9/WwPshgRPFE4="></latexit>

16H

45H

States
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Large representations

Assume scalars masses: largest value consistent with symmetries

del Agiola, Ibanez  ‘81

Mohapatra, GS  ‘82

Fails completely in minimal SO10 

<latexit sha1_base64="WLbSS+Xg2TfxNv23tWIAwE6GMA8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdKwY0boYJ9QBvCZDJph04mYWYi1NAvceNCEbd+ijv/xmmbhbYeGDiccw/3zglSzpR2nG+rtLK6tr5R3qxsbe/sVu29/bZKMkloiyQ8kd0AK8qZoC3NNKfdVFIcB5x2gtHN1O88UqlYIh70OKVejAeCRYxgbSTfrsZ+iq5Qn5tIiNGdb9ecujMDWiZuQWpQoOnbX/0wIVlMhSYcK9VznVR7OZaaEU4nlX6maIrJCA9oz1CBY6q8fHb4BB0bJURRIs0TGs3U34kcx0qN48BMxlgP1aI3Ff/zepmOLr2ciTTTVJD5oijjSCdo2gIKmaRE87EhmEhmbkVkiCUm2nRVMSW4i19eJu3TunteP7s/qzWuizrKcAhHcAIuXEADbqEJLSCQwTO8wpv1ZL1Y79bHfLRkFZkD+APr8wc6VJIp</latexit>

mp = �M
<latexit sha1_base64="aMxP3YG5O+ZC3m3V9XUVXD8zhqg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUU9S8OJFqGA/oLuUbJptQ5NsTLJCKf0bXjwo4tU/481/Y9ruQVsfDDzem2FmXqw4M9b3v73Cyura+kZxs7S1vbO7V94/aJo004Q2SMpT3Y6xoZxJ2rDMctpWmmIRc9qKhzdTv/VEtWGpfLAjRSOB+5IljGDrpFB0FQoNE/QR3XXLFb/qz4CWSZCTCuSod8tfYS8lmaDSEo6N6QS+stEYa8sIp5NSmBmqMBniPu04KrGgJhrPbp6gE6f0UJJqV9Kimfp7YoyFMSMRu06B7cAselPxP6+T2eQqGjOpMkslmS9KMo5siqYBoB7TlFg+cgQTzdytiAywxsS6mEouhGDx5WXSPKsGF9Xz+/NK7TqPowhHcAynEMAl1OAW6tAAAgqe4RXevMx78d69j3lrwctnDuEPvM8fWFKROw==</latexit>

mp ' M

Survival principle

45H = adjoint 126H = spinor 10H = vector 

Higgs sector

 - arbitrary: TeV ->  ~MI MGUT
Preda, GS, Zantedeschi  ‘22


