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The Standard Model

leaves many guestions unanswerel
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The origin of neutrino mas:
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Seesaw mechanlsm
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I\/Iixing and CP

24 02

Leptons 34| 45| 8 5 I 90
+ 1 4+ 1 +0.15 + 50



SUI(5) x U(1)
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Family Symmetry

Eas a possible answer to the above questit






Grand Unified Theories of Flavour

& SU@2), ! Uy SU(5) PS SO(10)
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In this talk only one example:
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Froggatt-Nielsen

F=11"/M # 0.1

With spontaneous CP
violation all phases
can be removed from

the entire matrix
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Down-type quarks* usgv, #$v,
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Wlth spontaneous CP
olation all phases

can be removed from
lagonal elements
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Littlest Seesaw Leptogenesis needs
Neutrino 0 b Mam~4.100GeV
mass matrix o — Mam 0
involves only Mb = & 3p% MR
one relative a
phase ’\
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df
Uz|™] U23|":_|§

U23|":-| Us3

Up matrix has small Down matrix gives Cabibbo
mixing and no phases mixing and CP phase

Solves the strong CP problem: arg detY¥)=0

17-’-
B+ mye " 3
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sk
IVlsol

Littlest seesaw matrix No LH charged lepton
controlled by ma, mb,eta mixing to leading orde




i mbei 2 /e predictive:

: Ballett, SFK, Pascoli, ] A Outputs!!
| Prouse, Wang 1612.019 I
: 20 25

30
Only two parameters now: [Tlg, [Tlp m.mev; 1llg

Mg my ! Ho s Hs $cp m; mo

(meV)  (meV)  (rad) ) ) ) ) (meV) (meV)

26.57 2.684 % 34.3 8.67 45.8 -86.7 0




Summary of SU(5)XA

I Explains quark mass hierarchies, mixing angles and the CP phase
I Spontaneously broken CP, arg det YuYd=0 solves strong CP prob

| Zg flavour symmetry fixes the phase " to be 2pi/3

I Littlest Seesaw predictions (2 parameters give PMNS and m;)

I Leptogenesis fixes Matm ~ 4.1010 GeV

I Renormalisable at GUT scale, SU(5)x A4 breaking potential

I Vacuum alignments (1,0,0), (0,1,0), (0,0,1), (0,1,1), (1,3,1)

I Doublet-triplet splitting via the Missing Partner mechanism

l mu term Is generated at the correct scale

I Proton decay is suppressed, TTTF forbidden by A4

| The MSSM is reproduced with R-parity from discrete Z4R -> Z2R
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The Minimal Realistic Version of the ‘ r‘

Supersymmetric Standard Mode| q O 0 OOOQ 'Y /EXD
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2 Charginos
4 Neutralinos
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Mp = Mpe = Mg
SUSY Dbreakingh,, =
masses at Nut m, =

o
M,

Mr3 = Mg, =

To account for muon g-2

la," ay(exp)! a,(SM)=(28.8+ 8.0)# 10 *°

and Dark Matter need non-universal gaugine
M < My, K M3

@A e R RO ()

symm




Belyaev, King, Schaefe

Light mr

g Mi<Mp<<Ms

Light RH smuon
neutralinos
and charginos

All else >>TeV

Benchmark : BP4 BP5 BP6
tan ! 30 28 30
sgn(y) - - -
Mg 5000.0 6200.0 5000.0
o mr1 5000.0 5700.0 5000.0
S mt2 200.0 280.0 200.0
= mr3 2995.0 5430.0 3005.0
O M1 250.0 250.0 250.0
® M 400.0 550.0 500.0
3 M3 2600.0 2945.0 2595.0
= Mh, 5000.0 6200.0 5000.0
Mh, 5000.0 6200.0 5000.0
A -4000.0 -500.0 -4000.0
126.3 124.7 126.2
Mg, 98.9 96.8 99.4
91.7 89.0 92.0
266.9 303.3 302.2
-335.1 -327.8 -335.9
x Mo 376.8 458.9 430.4
m 267.4 303.7 302.8
m 378.2 459.0 430.7
I -313.0 -293.3 -314.3
£ Br(b— sv) 343 x107% 334 x107* 343 x 1074
Z Br(B, - ptp-) 3.01x107° 3.04x10~° 3.01x 1077
: DD S 6.72 x 10711 6.81 x 10711 6.52 x 1071
Z | h2 9.67 x 1072 1.10 x 107! 1.03 x 107}
O a, 217x 107 214 x107? 2.16 x 1077

P Dark Matter
muon g-2




Belyaev, King, Schaefer

Charginos and neutralinos @ LHC

Quantit Unit Benchmark

4 BP4 BP5 BP6
s TeV 13 13 13
Analysis ATLAS_CONF_2016_096 ATLAS_CONF_2016_096 ATLAS_CONF_2016_096
Signal Region 3LI 2LADF 3LI
Ref. 68] [68] 68]
"0 pb 0.54 0.24 0.26
BR(r9" ArY) % 51.0 55.5 55.4
BR(r9" 219 % 30.5 30.2 30.1
BR(F9" jpu ) % 18.5 14.3 14.5
BR('{ " W*rd)y % 99.4 99.5 99.5
BR('] " dp#y) % 0.6 0.5 0.5
Am("7, fir) GeV 168.5 207.0 203.4
Am(TY, iir) GeV 168.0 206.5 202.7
Am(fig,"?) GeV 7.2 7.8 7.5

Table 6 : CheckMATE analysis results for the benchmarks of table 5 with full gaugino non-
universality My < M> $ Ms.



Conclusion

O The Standard Model leaves many questions: BAU,
Dark Matter, nu mass, 3avour, unibcationE!

O Grand Unibed Theories of Flavour can solve them!

O Supersymmetry needed for hierarchy, unibcation,
Dark Matter, muon g-2, leads to LHC predictions




