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m Grand Unified Theories (GUT):  — SM interactions unify

— predict proton decay

m Proton decay lifetime: usually significant uncertainty in prediction

Based on [2109.06784] further work to appear soon.


https://arxiv.org/abs/2109.06784

Motivation

m Grand Unified Theories (GUT):  — SM interactions unify

— predict proton decay

m Proton decay lifetime: usually significant uncertainty in prediction
m “Minimal” SO(10) model: 45+ 126 4+ 10 in Higgs sector

— interesting: better control of proton lifetime uncertainties
— model however pathological at tree-level
— important to determine:

Is the model saved at the quantum level (1-loop)?

Based on [2109.06784] further work to appear soon.
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https://arxiv.org/abs/2109.06784

m non-SUSY renormalizable SO(10) GUT

m Matter content: — fermions: 3 x 16¢

— scalars: 45+ 126 + 10¢



m non-SUSY renormalizable SO(10) GUT

m Matter content: — fermions: 3 x 16¢
— scalars: 45 + 126 + 10¢
m Breaking: 45+ 126 Higgs model, 2-stage (GUT & seesaw scale)
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m non-SUSY renormalizable SO(10) GUT
m Matter content: — fermions: 3 x 16¢
— scalars: 45 + 126 + 10¢
m Breaking: 45+ 126 Higgs model, 2-stage (GUT & seesaw scale)
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SU(3) x SU(2) x U(1)
Yukawa sector: realistic, Yig, \710, Y126 symmetric
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The model: 45+ 126 + 10

m non-SUSY renormalizable SO(10) GUT

m Matter content: — fermions: 3 x 16¢
— scalars: 45 4+ 126 4+ 10¢
m Breaking: 45+ 126 Higgs model, 2-stage (GUT & seesaw scale)

(45)

soo) 4 ¢ 9

SU(3) x SU(2) x U(1)
Yukawa sector: realistic, Y7q, \710, Y126 Symmetric

16F 16£ (Y1010 4+ Y10 10% 4 Yio6 126%)

m Hope for robust proton decay prediction:
no (45¢ - 45¢ - S)/Mp; operator modifying gauge coupling running

— GUT scale robustly determined
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m GUT-breaking (SM-singlet) VEVs:  wp;, wg € 45, o € 126

m What are the possibilities for intermediate symmetry G?

«Wir 4.2 1p
5,1~ ~w, /
T S0(0) Tt 3 9 1,1,
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Breaking at tree level

m GUT-breaking (SM-singlet) VEVs:  wpg;, wg € 45, o €126

m What are the possibilities for intermediate symmetry G?

Wr
149 =~q, y 2. 1p
\ R~ WpL

R,; -WeaL SO(lO) = 3C 2|_ 1B—L

5 N %_

unification problems

tachyonic states
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Breaking at tree level

m GUT-breaking (SM-singlet) VEVs:  wpg;, wg € 45, o €126

m What are the possibilities for intermediate symmetry G?

Wr
149 =~q, y 2. 1p
\ R~ WpL

R,; -WeaL SO(lO) = 3C 2|_ 1B—L

5 N %_

unification problems

tachyonic states

m Tachyonicity example at tree level:  Take |ay| < 1: stabilized at 1-loop?
for wp, € wgr

2 2
M(g,l,o) = —2awpg, tree level V(¢)

M(21’370) =+4a w%—\,.
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m Treatment at 1-loop: Coleman-Weinberg effective potential
1 M3 3 M? 5
9~ g 10 (o [549] 3 v (on 5] 3]

R

To obtain mass estimates: additional subtleties.



Saved at 1-loop?

m Treatment at 1-loop: Coleman-Weinberg effective potential
1 M2 3 M? 5
00 = g [0 (s [ <22 =5 oo s [V )

To obtain mass estimates: additional subtleties.

m Analysis considerations:
(1) non-tachyonicity (all states)
(2) perturbativity (definition: degree of arbitrariness)

(2a) corrections to masses dm? under control

(2b) RGE (of scalar potential parameters) under control

(3) unification of gauge couplings
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Saved at 1-loop?

m Treatment at 1-loop: Coleman-Weinberg effective potential
1 M2 3 M? 5
00 = g [0 (s [ <22 =5 oo s [V )

To obtain mass estimates: additional subtleties.

m Analysis considerations:
(1) non-tachyonicity (all states)
(2) perturbativity (definition: degree of arbitrariness)
(2a) corrections to masses dm? under control
(2b) RGE (of scalar potential parameters) under control
(3) unification of gauge couplings

m Observation: universal ratio x := “’l‘f;lJQBL

eg. 7= 2ﬁ4/1(3wBL + 2wR) + as x(wBL + wR).
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Breaking at 1-loop: Higgs model

m Perturbativity: |x| < 1: 2 potentially viable scenarios

1] oAl ¥
N WR~WgL
e = VB 50(10)—(0 -3¢ 2L -L
R <
5I 1 A/ W‘ perturbatiVity InX
unification problems V4 3C 2L 2R 15,
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Breaking at 1-loop: Higgs model

m Perturbativity: |x| < 1: 2 potentially viable scenarios

W
1 le0 s 4.2, 1 &
- WR~W
R BL
0 ~ -WeL SO(].O) w 3C L —L
5 NL— R < —
1 BL perturbativity in x
unification problems V4 3C 2L 2R 1B—L
Viability: confirmed by numeric scan |, Ao B
W |wel| < Jo] < |wr| } | \
(Mgur, M) ~ (10%°,10") GeV, ¢ @ K I 5 1 4 i
® a W A |
better perturbativity R ei ¥ & .
Vi wr| < o] < |wat| I =y
(Maur, Mi) ~ (10%,10°) GeV. s
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m Under further consideration: scenario v
m Doublets (1,2,4+1/2): 2 in 126, 2 in 10¢

Lyae = 16 16¢ (Y10 {10) + Y10 (107) + Yy56 (126%) )

\/

all need EW VEVs for proper Yukawa fit



Next step: Yukawa sector

m Under further consideration: scenario vv*
m Doublets (1,2,4+1/2): 2 in 126, 2 in 10¢

Ly = 16 16¢ (Y44 (10) + ?10 (10) + Y26 (1267) )

\/

all need EW VEVs for proper Yukawa fit
m SM Higgs must be an admixture...
M212 1/2) = (MIEZTG Mgﬂix) ~ (M%%T ‘02’2 >
(1.2:£1/2) M Mo o] Mzur

2 x 2 blocks /\/1120 106: one state in each must be tuned to o-scale

7/9 Vasja Susi¢ |Quantum nature of “minimal” SO(10) GUT]|




Next step: Yukawa sector

m Under further consideration: scenario vv*
m Doublets (1,2,4+1/2): 2 in 126, 2 in 10¢

LYuk - 16F 16F (YIO (10) + ?10 (10*) + Y126 (126*) )
\/

all need EW VEVs for proper Yukawa fit
m SM Higgs must be an admixture...

M2 _ <M1§26 Mr%wix) ~ (M%UT |o]? >
(1,2,£1/2) M2 M120 |a|2 M%UT

mix
2 x 2 blocks /\/1120 106: one state in each must be tuned to o-scale

m Behavior of tuning M1226:
m Tree level: cannot be tuned to |o|? (another state becomes tachyonic
first) — but can be tuned to size of 1-loop level
m 1-loop level: numeric scan (preliminary) suggests block cannot be
tuned to 2-loop estimated level — PROBLEM!
If above is true, model not viable.
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Summary

SO(10) GUT model with scalar sector 45 + 126 + 10¢:

m Interesting: “minimal”, should give robust proton decay prediction

m Tricky: 1-loop is first consistent perturbative order

m Technically challenging
m Symmetry breaking does work in a small patch of parameter space
— in that regard very predictive (requiring perturbativity)
m Obtaining a good Higgs does not seem to work
+ SM Higgs component in 126 too small for Yukawa fit

m Ultimately unviable it seems

Thank you for your attention!
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Backup: technical challenges

m A lot of particles: scalar mass matrix M2(¢) in V4 is
297 x 297 in Higgs model, 317 x 317 in full theory

m A lot of parameters: the scalar potential written schematically is

V(45,126) = 1?45% + 2454+
+ 12 |126]2 + A |126[* + 1 126* + 745 - |126]*+
+ (a, 3) 45° - [126] + v 452 - 1262 + h.c.,
V/(45,126,10) = V/(45,126) + £210% + h10*
+ /10?452 4 ¢ 452 - 126 - 10 + p10? |126/>+
+ 0/ 10%126% 4 0 [126[% - 126 - 10 + h.c.
(possibly >1 independent contraction, for brevity 10* was written as 10)
m Parameters in full theory:
(15 R 4 14 C) dimensionless, (5 R + 1 C) massive
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