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Inherently quantum model

SO(10) D SU(3)e x SU(2)L x U(1)y

:

Proton decay

q

Proton decay width robust with respect to Planck effects

:

Numerical model analysis
— Proton lifetime estimate



General features

® Gauge fields in 455 « Renormalizable Yukawa interaction

* One complex SM singlet
456 =GL@AL® B, Y, ®(3,1,2) ®(3,2,-2) e
®(3,2,0)®(1,L,1) +he
* Seesaw scale |o| < max(wpr,wr)

o Matter fields in 16¢ ® SM to SU(3)xU(1)q: 10

® Intermediate symmetry to SM: 1264

16p =L, @&d,®QLoTL ®eL & Nf s0t0)
— Anomaly cancellation el Z’°A%m\‘s‘ SUE X Uz
SU(4). x SU(2), x SU(2)e
Minimal scalar sector (SSB)
© SO(10) to Intermediate symmetry: 45¢ SU'WSU'ZJ‘fiU::fM')& ,AJ,:::M;MML’
* Preserves rank sus) SU). X SUR). X UDx U
« Two real SM singlets 155,345,201 . %‘Mt(ny e
((1,1,1,0)) ~wpr, ((1,1,3,0)) ~wr 1 105165, 1205, 1265
(3212415, Notation) SUG). x Ut

Tree level scalar spectrum
Contains tachyonic scalars

MZ((8, 1,0)] = 2a2(wpL — wr)(wr + 2wBL),
MZ[(1,3,0)] = 2a5(wr — wpL)(2wr +wsL),

45w},
2 = it BL 9
M [(1,1,0)]—az( L, ol +13wd,

JZ
—2wpLwr — 2wE) + O (a%, ?)
if not near the flipped SU(5)xU(1)
breaking chain.

e Pseudo-Goldstone bosons correspond to
global O(45) symmetry broken by % and
a, coupling.

e [f |a,| is small, loop corrections are
dominant and model is consistent only

at one-loop.

Effective potential approach
To consistently calculate corrections to the scalar masses one can invoke the
effective potential V¢, At one-loop level, Vet = Vo+ V; where

= #’I‘r [Mé(fb) <log%§2® = g>]+6437r2'n [Mé(cp) <10g%}(2@ i g)]

i

in the MS renormalization scheme with vanishing external momenta. One-loop

effective mass is calculated as 8
n_ %

= 2000*

0*Vy
0POP*

v vo

using vacuum v= v, + v; determined from modified stationarity conditions.
Moreover, for the pseudo-Goldstone mass holds

P = M:hys = IR diverging logs + two-loop effects.

Beta functions

Effective potential can be also used to
partially calculate beta functions of
scalar parameters. If

A
T
then
Br = oy (T [MA(@)] +
AT 3272 991 2
+3Tr [M&(®)]) .
However, the anomalous dimension

part of the beta function cannot be

recovered using this method.
[Coleman,Weinberg: Phys.Rev. D7(1973)]

Proton decay is mediated by heavy gauge bosons
Xt =(3,2,5),3,2,-5)---

and scalars
AN (B (65T s

Planck scale effects

Allowed parameter
space

Proton decay cookbook

Restrict it by perturbativity

(B functions)

v

* Non-renormalizable operator influencing GUT Restrict parameter space

Get gauge boson & scalar masses

(include one-loop corrections)

scale Ll'_ﬁ(pw‘ppw) by tachyonicity
P12 ¢
is absent if ® = 45.

i . Unify gauge couplings
* Non-renormalizable operator effecting flavour

i
sector 55
fzw A i HS +he
doesn't have any significant influence on total
proton decay width in SO(10). | ecova malinsky:2016]

(use two-loop running)

Proton decay width

Extract information from

Yukawa sector and hadronic elements




	Slide 1
	Slide 2
	Slide 3

