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Standard Model of Particle
Physics

Standard Model of Elementary Particles
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How to explain the SM structure ?
Grand Unification
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With Grand Unification comes grand
number of scalars and couplings

* The Yukawa and gauge couplings are
constrained experimentally

e The Quartic and the masses are not



Quantum Gravity is
supposed to set the
values of the couplings

How big is the set of possible quartic couplings set
by quantum gravity realising viable phenomenology ?



Constraints

* Unification of couplings
(possibly with
thresholds). No one
stage breaking.

* Proton decay bounds

e SM as the deepest vacua
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The Model

SO(10),16,,10,, & 45, & 16,
Non-viable Yukawa sector

Classically conformal

Coleman-Weinberg breaking

45, appears in the Calabi-Yau compactifications and is NOT coupled
to Yukawas

In principle viable Standard Model breaking direction

Recently revived - the non SU(5) vacua are possible after quantum
corrections

Four maximal subalgebras



SO(10) possible SM
breaking chains

Georgi-Glashow models ‘ Pati-Salam models
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The method

188 336
B =+ 3247 + 711/12 + gﬁg + 1047 + 42445 — 60g%A, + 18g*

 Renormalisation group beta BO() = + 12,4 + 202 4 22 — 60g%, + 15g°
functions PyR@TE 3.00 >

48 66 144 198
DA =+ 1842+ 2402 + — WA + — A2 ——g? 1 + —g*
P (43) 3 4 T AT s 583258
. : 3
 Resummation of effective +164Tr (151] ) + 55T (Y1, ) = 16Tr (¥ [¥Y] )
potential
| 24 94 56 N
S )(/14) =+ 264,44 + ?/11/15 + ?1214 + 5/12/15 + 120304 + 22345 + 445 + A5

e Exemplary findings for SU(5)
—%g% +3g% + 84,Tr (YSYST ) + %@Tr (YIOY;kO)

" 38 21 , 222, .
PO0s) =+ 205 + = ods + 2ds + 8y + 5 — = g7s + 158

3
+8ATr (YY) + =ATr (Y, ,V*
5 515 3 5 107 10



The preliminary findings

Among the maximal subalgebras ( like SU(5) X U(1), SO(8) X U(1))
The Pati-Salam is disfavoured.

Two-step breaking at once in favoured.
Model is either non-viable or require large threshold corrections.

More constraints can be taken into account such as leptogenesis,
neutrino masses, dark matter constraints etc.
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Connection to Asymptotic
Safety and String Theory

In both the scalar quartic couplings are predictions.

In asymptotic safety the values of couplings stem from their fixed
point values.

There is no stable non-trivial fixed point potential for the studied
model in the studied truncation.

In heterotic string theory those are tied to the gauge coupling of
the string gauge group value.



Thank you for your
attention!



