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Unified Left-Right Formalism
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= All the fermions (15+1) of a generation reside in the same
representation of SO(10) — 16 dim.
* Left-right symmetric
* Leptons, quarks have the same footing

= Contains an element which acts as the discrete L < R
operator

* Adjoint (45 dim.) and other representations have scalars
odd under this operator
— Satisfactory explanation of spontaneous parity breaking
possible

= No redundant fermions needed
= Only onerank above SM, i.e., 5 diagonal generators in
place of the SM 4.



Symmetry Breaking
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1. Mp, > My > 10" GeV — Proton Decay

2. My > Mp > 10 GeV — Domain Walls

3. My > M > 10° GeV — Strange Decays (k. /84 2% e)
4. My > Mg > My 2 1 TeV — Kept at O(TeV)

Bpc > 2/3b + Bcr



Minimal SO(10) without dark matter

Scalar minimalism:

At any stage of intermediate symmetry only those sub-multiplets
survive which are required to break a symmetry at that stage or a
subsequent stage. (The extended survival hypothesis (ESH))
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The natural Z2

U(1) broken by scalar of charge ‘n’ — remnant Z,,

U(1)p_, of LRS broken by the B-L=2 Ag, — remnant Z,
= P=(—1)"C"Y “matter parity” if you will!

Zy inherent in gauge structure

SM Fermions:
* Leptons: 3(B—L) = —3,i.e. ‘odd’
* Quarks: 3(B—L)=—1,i.e. ‘odd’

Scalars: 3(B— L) =0, i.e. ‘Even’

Fermions with B — L = even, belong in the dark sector
The other way round for scalars



Model Mechanics

‘Real’ (Self-conjugate) SU(2) multiplets
X P Xg = (10 (2m + 1)L: 1g, 0) D (1c, 1, (2m -+ 1)R7 0)

meN
* Foreach multiplet: * 1Majorana fermion
* m pairs of Dirac fermions
* electriccharges1tom
Mass
M

h; el
Ly, = (x' X 4R L) + 3 v+ 1) (X’LCX’L “R& L) +he

)
After L & R breaks

Mf‘ = Mi + hivn; M:? = _/\/l,- — h,‘Vn ML e ngh scale
Mr — Low scale



Gauge Coupling Unification
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Embedding
45> (1,3,1)+(1,1,3) + (15,1,1)+(6,2,2)
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»CMass = -
For triplets
Mf = M + hjvy; Mf = M; — hjv,

(15,1,1),(6,2,2)
Do not couple to n — No splitting

Only consistent way of keeping the mass of a submultiplet low



Relic Density
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* gg, Mg, M, determined — Highly predictive
= Very small leeway for parameters to vary

= Falsifiable — How???



Proton Decay

Protons decay in unified theories

= Leptoquark gauge bosons
= Dominant Channels
* p—nlet /KD

x10%
= Super-K exclusion
Z2 * 7> 1.6 x 10%yrs.
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Collider Searches (/)
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= x lighter than Wg
= Wildly different branching fractions
= Slim parameter space

= Easy to distinguish from standard LRS

- MZ’ ~ 1.9 x MWR
= My, =M, =My



Collider Searches ()
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= [y — Bethe Bloch
— Highly ionizing
= Easy to distinguish from SM
= CMS, ATLAS, MOEDAL — Longlived heavy charged particle searches
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Conclusions

= Unified models — answers to questions raised by SM
= Notoriously difficult to have ‘clean’ unification with

O(TeV) Physics
= We propose a left-right symmetric SO(10) ‘formalism’:

-

Mechanism to keep parts of larger fermionic multiplets
light

Suitable dark matter candidates

Highly restricted parameter space

Falsifiability at all thresholds
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