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Standard Model of Particle

Physics

Standard Model of Elementary Particles

three generations of matter
(fermions)

interactions / force carriers
(bosons)
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o Gauge Group
SU(3)C X 5U(2)L X U(l)y
o Electroweak SectorH
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Unification of Electromagnetic
and Weak Interaction

Source: https://en.wikipedia.org/wiki/Standard_Model

Yukawa interactions

Ly =—Y.LerH — Yy QdrH — Y, QurH + h.c.
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https://en.wikipedia.org/wiki/Standard_Model

Grand Unification SU(5)

o Unify all three forces of the Standard Model at ~ 106 GeV
= explain charge quantization

@ SU(5) is simplest choice [Georgi Glashow, 1974]

@ Fermions in 5 and 10

@ Scalars:
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e SSB:
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Grand Unification SU(5)

Yukawa couplings
Ly = Yd5HﬁF5F + Yu10[C10F5H + h.c. (1)

or in terms of the particles in the SM

Yd
’\/_ .
+4Y, [T Cuf + (ef)TC(uf)] T

Ly = — [™(af ) dp — (aL) ek + (d) vg] T

4 % Q7 dly — 85 (LS)"] H + &Y, [QFT ea Cul] H*

@ B — L conservation
e Y, Yq~ 107> (from SM)
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Phenomenology of the Higgs Triplet

@ From proton decay, usually expect
triplet to be heavy

. 2
o Amplitude for proton decay M ~ %7 ug, > > et
T |
4
. . ~ ITIT Iv:
= Lifetime of proton 7, Vi :
o Experimental lifetime of proton dr > : > uf

— et
(p

1
7 > 103yr ~ 1065@ [PDG]

@ Using Y ~ 107> = limit for the triplet mass mt > 10'1GeV

Idea: If we tune down the triplet-fermion coupling, we can have a much
lighter triplet with mass my ~ 1 TeV!
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Effective 5-dimensional Operators

5-dimensional Operators with two fermions and two scalars:
Ls.aim O35, T0£24115¢ + 525,124,105 5¢
+%10[c1op24H5H n %24H102C10F5H
+£05],5F €55},

= Split up the couplings with (24)!
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Effective 5-dimensional Operators

All Yukawa couplings in SU(5) together with 5-dimensional Yukawas:
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Effective 5-dimensional Operators
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Proton Decay in Effective Theory

ur, »> | » et
@ New proton decay amplitude o
1
1
M ~ g—ququl dp > : > uf
ms

u - w

@ With my ~ 1 TeV, how small do the couplings have to be such that
we find a proton lifetime of 103%yr ~ 10%°GeV~1?

miGeV™®  10'2Gev!
~ 2

> 10%°GeVv 1! (2)
g%’qqggrql g%’qquql

Tp ~

= limit for couplings gr4q87q < 10726
@ We can slow down proton decay while keeping a light triplet!
@ What about other processes like neutron-antineutron oscillations?
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Neutron Oscillations in Effective Theory

Anja Stuhlfauth (LMU/TUM)

Need a B — L violating operator: %SL 5,7_-C5F SL Weinberg operator
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Introducing a Right-handed Neutrino

o New particle vg, singlet under SU(5)
o New fermion couplings
LDg" 5H5FVLC + % 5H24H5FVE + mg V,-{,—CI/R + h.c..

@ New triplet interaction gf,’-JRVLCT
o New mass term from doublet interaction gf(H)vgry,
@ Seesaw mechanism gives neutrino a mass
@ New proton decay channels:
u > - > €

Ti ! g Y g ”
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\ n Oscillation

dr uf @ Neutron oscillation time
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@ Neutron-sterile neutrino oscillations if their
dg uR masses are close enough
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@ We can split the coupling of the doublet and triplet with effective
operators.

Tuning down the triplet couplings, we can slow down proton decay.

We can have a Higgs triplet with mass mt ~ 1 TeV.

This can also give predictions for neutron oscillations close to the
experimental limit.
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