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Grand Unification
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nification of SM forces + charge gquantisation

v

* Magwetic monopoles

* Protown deca Y

SO(10) GUT, against

ey oasis ~ TEV
decades Long prejudice .

Preda, S, Zantedescht ‘22 =




Minimal SU(5)
Georol, Glashow ‘F4

24y =8¢+ 3w + 1+ (3¢, 2w) + (3¢, 2w)

SM gauge bosons X,Y gauge bosons

5 105 W LAl ey

Fermilons Higgs scalars

Double failure:

Gauge couplings do not unify Neutrino massless
# $

UL hits SUR too soon No RH neutrino

4 ke 3‘.kcot.&hﬂlbﬂ'£%m’&h.




Unification of gauge couplings

. "4 L i‘n:’lf S ii'hﬂlédfmuw‘h.n

Low energies = SM particles

Standard Model failure

No unification:
UL coupling hits SU2 too early

T 2 10%% yr o Mg > 105 GeV

107 101 1013 1016
ulGeV]

Either UL or SUR must be slowed down




Threshold effects

Eaten by XY gauge bosons
245 =8¢ + 3w + 14+ (3¢, 2w) + (3¢, 2w)

H’CDI\/M:
P decaU

5 =2w + 14 (3¢, lw)

Problemt remeatins

SUR must be slowed dowwn

v

There can be no desert Ln SU(5)

|
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Saving SU(5)

Dorswner, Flleviez Perez ‘05

LA i e S Al A S

Type [l seesaw,
Light particles

« Add  24p
L — (3w, e = O) e (lw, el = O) B e

BAjC, GS 06

Triplet fermion: Singlet fermion:
TYype (it seesaw type t seesaw

Unification. =  3Fand 3H @ TeVv
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Minimal SO(10) qeorgl ‘F4
Fritzsch, Minkowskl “F4

qeneration unified =p (heavH) RH neutrino

v

small neutrino mass through seesaw mechantsm

neutrino is light,
since N is heavy
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Intermediate symmetry in SO(10)
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Maximal subgroup: SO(6) x SO(4) = SU(4). x SU(2)r x SU(2)r

PS 4 colors LR sy mme’crg

i

UL embedded L non-Abelian

% Mip~10''GeV

slowed dowwn

pel Agutla, tbanez ‘g0

RILZZ0, GS 'S0

v

desert all the wa Y to ntermediate scale




Minimal SO(10) theory

Higgs sector

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

(45H) = M7 (16H) = M, (10H) = M,

GUT breaking B-L breaking SM breaking

Ly =Y 16 105 165 <1o0H> =PS SLVL@LC’C
v

Mg = Me; My =Mp  Neutrino DLrac mass

Needs higher dimensional operators
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* Minimal SO(10): revisited

Preda, S, Zantedescht ‘22

Seesaw mechantsm

LA i e S Al A S

n - N meass matrix Majorawa neutrino

N (MD MN) > EMy=
My S My

zrd generation:

m, < 1eV * M; > 10%GeV

Y

scalar W, Z, squark
Needs light scalars to slow down SU2: 3w (2w, 3¢)

To adjust SUz: 8c scalar gluon
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~

= TeV

= msq

They must Lie below 10 TeV




Connection with W-mass GS, Zantedescht ‘22

4 ke 3‘.kcot.&hﬂlbﬂ'£%m’&h.

3w Weaktriplet, Y =0 = H (I):rgM »

Buras, Ellis, qatllard, Nanopoulos ‘#g

% W-mass deviation,
Z, intact =%

<3w> <L Mw
<3w> ~ 5 GeV

Talk b Yy Za ntedescht =
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Summary

* Minimal realistic SU(5): oasis ~ TeV, in a sense expected
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+ SO(10) theory: decades of prejudice of a desert up to a huge M,

% Oasis ~ TeV predicted from unification constraints

Among others, a real weak triplet

Modifies waturallyy W-mass
scalar - taolpoLa VeV > { Y

Low energy effective theory

Chhe <3W> S Gek remarkable predio’c'u/e

Talk bg Zantedescht 13







Low energy supersymmetry
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Supersymmetry:  pa rticle P = Spa vtiele D

Yt
1672

W m? S SM Higgs correction

1gt > e m: + ... SSM addition
=

AMSM _ TeV, Mgyt = 10'°GeV

banez, Ross ‘€1

D’meopouLos et al ‘€1

Einhorn, Jownes ‘€1

Marctano, GS ‘{1




GS, Zantedeschi ‘22

Needs naturalness, otherwise: 3/4

2
MGUT

m3ims

Ao AMSSM
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A, ~mg ~ 101'GeV, ms; ~ 10°GeV, Mg ~ 10'°GeV
0.07
0.06§
0.05F

0.04]

0.03}




d=5 operators

LA i e S Al A S

examp Le

o 45
[,%l/_5 — 16F 10H < AH> 16F A — GM.JC—D‘FF A Z 10 MGUT

Awnd other terms ...




States

4021 2r 4021 1R 321 2Rr1x 3c2 1plx 3c21 1y 5 5/1Z’

~

—
~

(4,2,1)  (4,2,00  (3,2,1,4%) (3,2,0,+%)  (3,2,+%) 10 (10,+1)
(1,2,1,-3) (1,2,0,—1%) (1,2,-4) 5 (5,-3)

(4,1,2)  (4,1,+3) (3,1,2,-%) (3,1,+3.-3) (3,1,+3) 5 (10,+1)
(4,1,-3) (31 -3-5 (1-3 10 (5-3)
(1,1,2,+3) (L,1,+3,+3) (1,1,41) 10 (1,+5)

(1,1,-1,+3) (1,1,0) 1 (10,41)
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40212 402.1p  3.202rlxy  3.27.1plx 3.2 1y 5 51y

(1,1,3)  (1,1,+1) (1,1,3,0) (1,1,41,0) (1,1,+1) 10 (10,—4)
(1,1,0) (1,1,0,0) (1,1,0) 1 (1,0)

(1,1, 1) (1,1, —1,0) (1,1,-1) 10 (10,+4)

(1,3,1)  (1,3,0) (1,3,1,0) (1,3,0,0) (1,3,0) 24 (24,0)
(6,2,2)  (6,2,+3) (3,2,2,-1) (3,2,+3.-3) (3.2,%) 10 (24,0)
(6,2,—3) (3,2,—3,—-3) (3,2,-2) 24 (10,—4)
(3,2,2,+3) (3,2,+3,+3) (3.2,+3) 24 (10,+4

(3,2,-1,+1) (3,2,-1) 10 (24,0

(15,1,1) (15,1,0)  (1,1,1,0) (1,1,0,0) (1,1,0) 24 (24,0)
3,1,1,+3) (3,1,0,+3)  (3,1,+3) 10 (10,+4

(3,1,1,—2) (3,1,0,—2) (3,1,-2) 10 (10,—4)

(8,1,1,0) (8,1,0,0) (8,1,0) 24 (24,0)
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Large representations

Survival principle del Agiola, lbanez ‘g1

W Mohapatra, GS ‘=2

Assuwe scalars masses: Largest value consistent with symmetries
mp =AM o m,~M

Fails compLe’ceLa . minimal So10

Higgs sector

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

v

MI = arbﬁtrarg: TEeV -> ~MGUT

Preda, oS, Zantedescht ‘22
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