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The latest (and final?!) chapter in the long story of the
“minimal” non-SUSY SO(10) GUT: 45 + 126 + 10¢.

m Woe #1: tree-level tachyonicities

[curable at 1-loop]

m Woe #2: Higgs fine-tuning is unsuitable for fermion fit

[incurable in perturbative regions]



m non-SUSY renormalizable SO(10) GUT

m Field content: — fermions: 3 x 16¢

— scalars: 45 + 126 + 10¢



m non-SUSY renormalizable SO(10) GUT
m Field content: — fermions: 3 x 16¢
— scalars: 45 + 126 + 10¢
m Motivation: “minimality” and “calculability” of proton decay:

no (45¢ - 45¢ - S)/Mp; operator, GUT scale more robust



m non-SUSY renormalizable SO(10) GUT

m Field content: — fermions: 3 x 16¢

— scalars: 45 + 126 + 10¢

m Breaking sector: 2-stage breaking (GUT & seesaw scale)
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m non-SUSY renormalizable SO(10) GUT

m Field content: — fermions: 3 x 16¢

— scalars: 45 + 126 + 10¢

m Breaking sector: 2-stage breaking (GUT & seesaw scale)

@), (126)

SO(10) G SU(3) x SU(2) x U(1)

m Yukawa sector: realistic, Yig, Y10, Y126 Symmetric

Ly = 16F 16f (Y10 10 + {/10 10" + Y106 126*)



m The 45 + 126 Higgs model

), (126)

SO(10) G SU(3) x SU(2) x U(1)
m 3 SM-singlet VEVs: wpg;,wr € 45 and 0 € 126

m What are the possibilities for G?

(45) direction

wBlL ~ WR
wplL ~ —WR
wpL ~ WR
WR K WBL
wpL K WR




m The 45 + 126 Higgs model

), (126)

SO(10) G SU(3) x SU(2) x U(1)
m 3 SM-singlet VEVs: wpg;,wr € 45 and 0 € 126

m What are the possibilities for G?

(45) direction G

WBL &~ WR 5y 1

WL ~ —WR 51/

WBL ~ WR 3c¢211r1p1
wr K wpL 3c¢212r1lp 1
wpl K WR 4c2,1p




Symmetry breaking

m The 45 + 126 Higgs model

(45) (126)

SO(10) G SU(3) x SU(2) x U(1)
m 3 SM-singlet VEVs: wpg;,wr € 45 and 0 € 126

m What are the possibilities for G?

(45) direction G tree-level

WBL = WR 5y 1 @ (unification)
wpL ~ —wg 51 @ (unification)
WBL ~ WR 3¢211gr1p_; © (tachyonicity)
wr K wpg| 3¢212r1lg_; © (tachyonicity)
wpl < WR 402 1p @ (tachyonicity)
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Symmetry breaking

m The 45 + 126 Higgs model

(45) (126)

SO(10) G SU(3) x SU(2) x U(1)
m 3 SM-singlet VEVs: wpg;,wr € 45 and 0 € 126

m What are the possibilities for G?

(45) direction G one-loop

wpL R WR 5v1 @ (unification)

wpL & —WR 51 @ (unification)

WBL ~ WR 3¢211rlg V4 72 Vi)

wr K wpL 3¢212r 151 \\y
tree level V(¢)

wpL K WR 4¢c2,1p //\ é
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Symmetry breaking

m The 45 + 126 Higgs model

(45) (126)

SO(10) G SU(3) x SU(2) x U(1)
m 3 SM-singlet VEVs: wpg;,wr € 45 and 0 € 126

m What are the possibilities for G?

(45) direction G one-loop

WBL = WR 5y 1 @ (unification)

wpL ~ —wg 51 @ (unification)

wWBL ~ WR 3¢211r1p_ © (non-perturbative W‘BOLER)
wr K wpL 3¢212r1g-1 V@ (Mgyr =~ 108 GeV)
wpL K WR 4c2; 1g VO (Mgyt ~ 10'® GeV)
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m 4 doublets (1,2, £1): EW VEVs vit, vil), v, vie



m 4 doublets (1,2, £1): EW VEVs vit, vil), v, vie

m Fermion masses:
Lyuk = 16 16 (Y1010 + Y10 10" 4 Yi26 126%)

leads to
My = Yo vip + Y10 vi™ + Y126 Vi,
Mp = Yio vih + Yio vi* + Y126 Vi,
Mg = Yo V{jo + \710 Vluo* — 3Y12 V1d26,

D \/ d
My = Y10 Vfo + Yio V10* —3Y126 V1u26.



Yukawa sector

m 4 doublets (1,2, £1): EW VEVs vit, vil), v, vie

m Fermion masses:
Lyux = 16 16f (YIO 10 + \N/lo 10" + Y106 ]_26*)

leads to
My = Yo vip + Yo vip* + Yi26 vise,
Mp = Yio vih + Yio vib* + Y16 Vibe,
Mg = Yio viy + Y10 vip" — 3 Y126 Vise,

D \/ d
MV = Y10 Vluo + Yio Vlo>k —3Y12 V1u26.

(a) SM mass fit known to work already with just Yig, Y126
(b) SM Higgs must be admixture of 10- and 126-doublets
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m Doublet mass matrix:

M212j:1 2) = (Mli?rﬁ Ml%ix)
(1,2,41/2) M M2,

mix

SM Higgs obtained by fine-tuning: det M(21 241/2) = 0.



m Doublet mass matrix:
2
M M

M2 :< Y r%ﬁx) ~ (sz |U|2)
(1,2,£1/2) MmTix M120 |J|2 sz

SM Higgs obtained by fine-tuning: det M(21 241/2) = 0.

m Obtaining an admixture:

M12267 M120 — |U|27 where |0'|2 ,S 10_6wR2



m Doublet mass matrix:
2 2 2 2
M212j: 2) = <Mlz%r6 Mmix) ~ (WRz |U|2)

SM Higgs obtained by fine-tuning: det M(21 =0.

2,£1/2)
m Obtaining an admixture:

M12267 M120 — |U|27 where |0'|2 ,S 10_6wR2

m Obstruction at tree-level: M7,; > 1072w3

— otherwise other states become tachyonic



Doublet fine-tuning

m Doublet mass matrix:

M2 :(M3526 Mr%mx) <WR2 ’0—’2>
(1,2,£1/2) MmTlx MlO \a|2 WRr2

SM Higgs obtained by fine-tuning: det M(21.,2,i1/2) =0.

m Obtaining an admixture:
Mioe, M3y — |o]?,  where |0]? < 107%wg?

m Obstruction at tree-level: M7,c > 1072
— otherwise other states become tachyonic

m Way out: tune down only to next-order corrections
— What happens at 1-loop?

— If 2-loop order not computed: necessary but not sufficient condition
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Numerical analysis — setup

For a point in parameter space:

(1) Compute 1-loop and tree-level spectrum

[interesting problem on its own, but technical; will not discuss further]

(2) Viability considerations:
(2a) non-tachyonicity for all states
(2b) unification of gauge couplings g; @ 2-loop
(2¢) perturbativity (degree of arbitrariness in definition)
— corrections to masses under control: “|6m?/m?| < 1"
— RGE for X\ under control: up to Mgyt - 10793

(3) Doublet fine-tuning: considered through quantities

m(21) 6m(21) 2wy o
R := —5, =, where mg “typical” tree-level mass.
mg mg
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Fine-tuning vs perturbativity |

Radiative corrections increasing

030 - : : Datasets of viable points:

L ED ET mSPY m st w500

e D: generic point
e 7: enhanced RGE

perturbativity
10 Mgy

o S: M2, tuned to
2-loop expectation

Plot: n vs R

Buiseaioul senjeauable %Yy jo AyoreielH

Tuning happens at the
expense of perturbativity!

M2
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Fine-tuning vs perturbativity |l

1.0
-
u D
05+ m 5(20) 4
5(15)

-1.0 -05 0.0 0.5 1.0
A2
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Datasets of viable points:
e D: generic point
e 7 enhanced RGE
perturbativity
10 Meut

o S: M2, tuned to
2-loop expectation

Regions with

enhanced perturbativity
and doublet tuning
incompatible!

(best demonstrated in the
Aa-A4 parameter plane)
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Summary

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

— Tricky: 1-loop is first consistent perturbative order

m Suitable vacuum only at 1-loop
m Small patch of parameter space viable
m Doublet fine-tuning (1-loop): clashes with perturbativity

— Model perturbatively not viable

— A more general message:

large # of fields = perturbativity vs other demands
(possible clash)
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Summary

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

— Tricky: 1-loop is first consistent perturbative order

m Suitable vacuum only at 1-loop
m Small patch of parameter space viable
m Doublet fine-tuning (1-loop): clashes with perturbativity

— Model perturbatively not viable

— A more general message:

large # of fields = perturbativity vs other demands
(possible clash)

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 + a45%+
+ 121262 + N |126|* + 1 126* + 745 - |126[+
+ (o, §) 45% - |126% + v 452 - 1262 + h.c.,
V/(45,126,10) = V/(45,126) + £210% 4+ h10*
+ 1102452 + (452 . 126 - 10 + p10? |126)%+
+ 0/ 10126 +  [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



