The MESSM

The Minimal Exceptional Supersymmetric Standard Model

Richard Howl

University of Southampton

UK BSM 2007



A BEAR W AV A B AN AV B

VMIESSM = Minimal Exceptional Supersymmetric Standard Viodel

An SUSY Grand Unified Theory based on the

Like the , MESSM attempts to solve the of the MSSM

But without the theoretical difficulties caused by incomplete multiplets

that are introduced in the for gauge coupling unification



The a - Problem e

abb.

a . SUSY breaking (or EW) scale

" why @ , SUSY breaking (note.g.t o) ?
A popular solution is to introduce a SM singlet and a superpotential
term: = e BRan s s (dynamically produced)

However, this term creates a global (PQ) symmetry which will
produce a Goldstone boson when  gets its VEV

One way to avoid this Goldstone boson is to embed the global
Inside a local The would-be Goldstone boson gets ‘eaten’

The bilinear -term is forbidden by this local symmetry



The a - Problem in SUSY GUTs "~

Q - problem €

However:

SUSY GUTs colour triplet particles: :

when we embed into complete GUT multiplets
rapid proton decay gauge coupling unification

Most popular solution is to give large ( scale) mass to

doublet-triplet splitting mechanism




The a - Problem in SUSY GUTs "~

Problem:

With a large effective mass term,  could generally acquire a large
effective VEV from (one-loop tadpole diagrams) destroying EWSB

Whereas if have small masses (EW scale) then they can affect
the RGEs to help drive the soft square mass of large and negative

Also, light could be used to cancel any anomalies for the

Suggests should try to keep ¢ xz ‘light’
a — problem



Suppressing Proton Decay S
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Proton decay now suppressed
but keeping light spoils the unification of the MSSM:

(2 — loop)

Iog:]&nergy / GeV) L



Unification

epairing Guage Coupling

* Proton decay now suppressed

but keeping light spoils the unification of the MSSM:
(2 — loop)
Iog;:&nergy/GeV) 1=
* The indicates mass of

* The show their effect on the RGEs



Unification

Repairing Guage Coupling

* Proton decay now suppressed
but keeping light spoils the unification of the MSSM:

(2 — loop)

(No Unification)
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* The indicates mass of

* The show their effect on the RGEs



Repairing Guage Coupling Unification

Proton decay now suppressed

but keeping light spoils the unification of the MSSM:
(2 — loop)
Iog;(%nergy/ GeV) L
A possible solution is to add two additional to light spectrum

have added two complete multiplets ( ) to the MSSM



Repairing Guage Coupling Unification

Proton decay now suppressed
but keeping light spoils the unification of the MSSM:

(2 — loop)

(higher unification
coupling constant
than for MSSM.)

Iog;:(%nergy / GeV) 15

Howeverthese new particles cotid introduce theoretical problems:

How to keep the two extra doublets light but rest of GUT multiplet heavy.
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Unification in the ESSM

two additional EW doublets
Oeet

EeSSM 87 € T Pt )2*]

quarks, leptons, b, kb , € 38

€ 38 v )2% a - problem

All 3 generations of are ‘light’ to help solve the

to cancel gauge anomalies
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Unification in the ESSM
S e Ul e s R T S o ad ditional EWLde for
G pennlglivgeRficatioreis gy

All 3 generations of are ‘light’ to help solve the and

to cancel gauge anomalies

contains

like MSSN o+
T

spoil unification



Unification in the ESSM

e.g. In matter and Higgs are put into 3 generations of a

All 3 generations of are ‘light’ +

like MSSM + complete reps. ( j+
T

spoil unification
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e.g. In

Unification in the ESSM

matter and Higgs are put into 3 generations of a

All 3 generations of are ‘light’ +

like MSSM + complete reps. (

No explanation
representati

The extra doub

Why do
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Unification with Intermediate Symmetries S
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Unification with Intermediate Symmetries

e.g. with In a fundamental

All 3 generations of ‘light’.

log ’ o?l?nergy / GeV)



Unification with Intermediate Symmetries

* eg0. with In a fundamental

* All 3 generations of ‘light’.
® Can now obtain unification if:

Unification occurs at Planck scale using standard RGES.
Effect of quantum graV|ty on RGEs is unknown

However, unification at Planck scale IS'sugge - a dnification of
s the gauge fields with gravity.
assumed quantum gravity does not spoil this unification but instead
- could unify gravity-with-the' 'gauge fields.




The MESSM '

If assume Planck scale unification then can use an intermediate symmetry
rather than two EW doublets for gauge coupling unification.

avoiding the theoretical difficulties they introduce.

The IS based on the but uses a Pati-Salam symmetry
for gauge coupling unification instead of the EW doublets
no need for a D-T splitting mechanism or the extra

To break to we use Higgs bosons from
with VEVSs In direction
from and are used to solve of MSSM

are singlets of the

Can generate conventional see-saw mechanisms.
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® Pati-Salam symmetry broken at

® symmetry assumed to be broken at the Planck mass scale
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Summary
The attempts to solve the of the MSSM using
a SM singlet particle  and a local group from an GUT
€ Q- problem
38 colour triplets

GUT

No multiplet (mass) splitting.




