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Minimal renormalizable GUTs
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Minimal renormalizable GUTs

Minimal SU(5)
> sin? Oy (Mz) too small

Minimal SO(10)
» Tachyonic instabilities in the tree-level scalar spectrum [Yasue: 1980]

Minimal SUSY SU(5)
» Higgsino-mediated interactions make proton lifetime too short
[Murayama, Pierce: 2001]
[Bajc, Lavignac, Mede: 2015]

Minimal SUSY SO(10) (without 120s)

» Fails to reproduce the absolute neutrino mass scale
[Bertolini, Schwetz, Malinsky: 2006]
[Aulakh, Garg: 2006]
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The minimal renormalizable SO(10) GUT

Matter fields
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@ Automatic anomaly cancellation
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The minimal renormalizable SO(10) Higgs model

Gauge fields

45 = (8,1,0) @ (1,3,0) @ (1,1,0)® (1,1,0) & (3,1,2)®(3,2,—2) &

' ' ' (3,2,3)®(1,1,1) + h
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Scalar sector

@ GUT scale SSB by 455

» Minimal, preserves rank
» Robust GUT scale estimates with respect to gravitational effects
» Two real SM singlets:

((1,1,0)15) = V3wsL ((1,1,0),) = V2wr

@ Rank reduction by 1265

» Seesaw scale
» Renormalizable Yukawa interaction <— 16 x 16 D 126, 16 i 's loop
> One complex SM singlet

((1,1,0)5) = V2o

> Phenomenology = |o| < max(wse, wWr) = Wmax
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Tree level scalar spectrum

Scalar fields 455 @ 1265 <> ¢ =

(Bijs Zijkims Zjjggrm) form the most general scalar

potential

V(6 £, T%) = Vi(9) + Ve (T, T7) + Vix (6, T, T7)

Vo == (66)o+ 2 (66)0 (600 + 2 (90), (69)
1/2

Ve =5 (FX) + (A!(;z (ZX%), (ZT¥), + (232 (L), (ET%), +
(3,)A() (FE)s (FE) + G (5 )y (FE)y +
(4|) (£%), (£%), + (4|) (Z°5%), (Z°5%),,

Vo =5 (6 (F57), + 52 (60)y (FX7)y + 3, (60)a (ZX7), +
+ ?? (00)y (XX7)y + 4% (¢9), (XX), + ﬂ (00), (Z°X7),.
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Tree level mass matrix contains tachyons
M3[(8,1,0)] = 2ax(wsL — wr)(wr + 2wstL),
Mz[(1,3,0)] = 2ax(wr — wer)(2wr + wL),
nontachyonic iff near SU(5)" x U(1)z SSB chain

e SM multiplets (8,1,0),(1,3,0) <> pseudo-Goldstone bosons of the broken
global symmetry O(45) in the limit 0 — 0,3, — 0

o If ay << 1, loop corrections dominant  [Bertolini, Di Luzio, Malinsky: 2010]
[Graf, Malinsky, Mede, Susi¢: 2017]

@ Makes sence at one-loop level [KoleSova, Malinsky: 2014]
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One more pseudo-Goldstone

SM singlet 2x2 mass submatrix (only 455) has an eigenvalue

450w% 2
YBL > + 13(4]%1_ — 2wBLwR — 2&)%?) +O (a§)+0 (Z)

2
Mpg = =) <— >
3wy, + 2wk 2 ax

2 2 .
® mpe x a up to O (wi ) corrections

max

e Significant one-loop corrections to m?

» One-loop effective potential calculation
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M2, = 22y W?[-2,1,1] + 242003, — 12026, +-& (w?[40,1,13]+

1672
Tree level
3g* g2w[l, —1]2
13w — 602 _— 1, —131 2 2
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1
T 16T, —1j72
108w, w1, —1], 144w, w1, —1], 144w}, w[l, —1], 24w, w[2, 3],

2 (Baw, + wl2, 1] (2B4w[1, 1] T))]

F [—9w[17 1], —36wpw[1, —1], w?[—18,72, 24], 36wp wr,

2

12w°[8, —15, —12, —4], 240%[2,0, 3, 1]] log [
KR

1

+ T6[L, —1]2 F [-3w[3,5], —36wg w[l, —1],0,24w?[3, —6, —1], 36wg, w(1, —1],

2w[3,1] (wrfBs — T):|
Mk
F [30[3, 1], 36waLw[1, —1], 0, —24wrw[3, 1], 108w, w[1, —1],0,

2u[1,1] (2B;w[2,1] — T)} 4
1

0, 144w w[1, —1],0,0, 72032, —2,3,1]] log {
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14403, w1, -1],0,0,24w°[2,0,3,1]] log [
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Consistency checks

Particular symmetry breaking limits (¢ — 0):

° SU(5) x U(1)z (wr — +wgL):
(1,1,0)pc, (8,1,0),(1,3,0) C (24,0),
e SU(4). x SU(2)L x U(1)g (wpL — 0):
(1,1,0)p6, (8,1,0) C (15,1,0),
o SU(3)c x SU(2)L x SU(2)r x U(1)gy (wr — 0):

(1,1,0)p¢ ~ (1,3,0) «— D-parity.
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Summary and Outlook

@ The minimal renormalizable SO(10) Higgs model:
» gauge bosons 45,
» scalar sector 455 @ 1265.
@ Potentially realistic scenarios involve tachyonic instabilities.

@ Existence of tachyons is relic of the tree-level calculations.

@ Scalar spectrum contains pseudo-Goldstones - (8,1,0), (1,3,0) and newly
calculated (1,1, 0).

@ One-loop corrections to the pseudo-Goldstone masses improve the proton
lifetime estimates.
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