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Outline

@ Georgi-Glashow model

e Towards Realistic SU(5)

e Minimal SU(5) Unification (proposal)

e Summary
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Georgi-Glashow Model: Drawbacks

o GG model: 5¢; + 10f; + 54 + 244
X Md = MeT Georgi, Jarlskog 1979
X M,=0

X Gauge coupling unification
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Towards Realistic Model

v' Renormalizable models
o gFi + 10Fi + 5H + 24H + 45H Georgi, Jarlskog 1979

@ Fermion masses: Dorsner, Perez 2006

My = vs Y1 + vas V>
Me:r = V5Y1—3V45Y2
M, = vs (Ys + YsT) + Va5 (Y4 - Y4T)

Four arbitrary 3 x 3 matrices.
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Towards Realistic Model

© 5¢; + 10 + 5y + 24y + 454
v My #M]

v/ Gauge coupling unification

v’ Proton decay (safe)

X M,=0
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Towards Minimal Model

SU(5) Irreps SU(5) Trreps
Dimension Dimension
(name) (name)
;
10 10
15 15
24
35 35
40 40
i
50 50
70 70
70’ 70’
75 75
105 105
126 126
_ @ Minimal possibility! (smaller
e why large dim 457 dim)
X M, = 0? v M, 07

Dorsner, Saad 2019
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A Novel SU(5) Proposal

® 5¢; + 10F; + 54 + 24y + 354 + 15 + 15

@ Decompositions

35y =& = (1,4, —3/2) + $3(3,3,—2/3) + (6,2, 1/6)
+ ®10(10,1, 1)
15F =3 = Zl(l, 3, 1) + 23(3, 2, ]./6) + 26(6, 1, —2/3)
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Minimality

v least number of parameters
v lowest dimensional representations

v highly predictive theory
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Fermion masses

Quarks, charged leptons, neutrino masses- all connected !
M, = (Lyus + 0% YY) 72 vy v
My = (Iaxs + 62 YY) 2 vy (Y9 46 YoY?)

M, = vy YT

'y M2
(Mu)s = /;WSZ (Y7YP + YPY?) LﬁM%Mz In (M_gl)}

Minimum parameters:
Y2 Yb Y€ vectors of length 3; Y¢

diag;
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Gauge Coupling Unification

Highly non-trivial:

o Mzﬁ = 2M):3 — M):l

Mg, = M3 —3M3, +3Mg,

My, > 3 x 10" GeV  (proton decay)

Mcur > 5 x 10* GeV  (proton decay)

M >1TeV (k= any BSM state)

@ v-mass requires specific My, and Mg,
(rules out most of the parameter space consistent with unification)
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Gauge Coupling Unification
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roughly ~ three scales in the theory
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Full Parameter Space Exploration

log,,(Ms, /1 GeV)

105 11.0 115 12.0 125 13.0 135
log, (Mg, /1 GeV)
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Full Parameter Space Exploration

S
(5]
O
x>
2
o
2
105 11.0 115 12.0 125 13.0 135
lOglo(M‘Pl/l GeV)
Saad [ Minimal SUS) Unification |

14/17



Full Parameter Space Exploration
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Proton decay

Dominant mode: p — 7le®
Partial decay width: ', ~ ag,rm> /My,

Super-Kamiokande: 75" | > 2.4 x 10** years

p—mlet

An improvement by a factor of 2, 15, and 96 would completely
rule out the M > 100TeV, M > 10TeV, and M > 1TeV
scenarios, respectively

Hyper-Kamiokande: 10 years (20 years) of operation is
7.8 x 10 (1.3 x 10°°) years
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Minimal SU(5) Unification: Summary

Only lowest dimensional representations

Least number of Yukawa parameters

Mg # M.

M, # 0 (via 1-loop diagram)

All fermion masses & mixings are correlated

Gauge coupling unification (restricted parameter space: v-mass)
Rest of the allowed parameter space fixed by Proton Decay
(1,3,0),(8,1,0),(3,3,2),(6,2, %) ~ 1-100 TeV (scalars)

THANK YOU!
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