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Motivations

I Why natural SUSY has been (and still is) the leading BSM theory
I Solution to the hierarchy (a.k.a. naturalness; a.k.a. fine-tuning) problem
I Matter contents lead to precision gauge unification
I Dark matter candidate (RPC SUSY)
I Connection to string theory and quantum gravity

I “Naturalness” is under attack by experiment:
I Stringent LHC limits on squark and gluino mass
I mh = 126 GeV, much above SUSY tree-level prediction requires large

radiative correction → large mt̃ and/or At

I requires large radiative correction ⇒ large mt̃ and/or At ⇒ more fine-tuning

I Before we pronouce natural SUSY to be dead: have we explored all
well-motivated SUSY theories that give a natural spectrum?
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What are Dirac gauginos?

I Gauginos λa (a = 1, 2, 3) are given Majorana mass in standard MSSM
���SUSY:

L ⊃ Maλaλa

I To give Dirac mass to gauginos ⇒ need to extend MSSM:
I χa: O ∼ (8, 1)0; T ∼ (1, 3)0; and S ∼ (1, 1)0

L ⊃ Ma
Dλ

aχa

I In total, we are adding
I Dirac partners to all 3 MSSM gauginos
I Scalar particles in the adjoint rep. of SU(3)C × SU(2)W × U(1)Y
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Why Dirac gauginos? (UV perspective)

Note: vector multiplet + adjoint chiral multiplet = gauge multiplet in N = 2
SUSY (MSSM has N = 1 SUSY)

1. Maximum SUSY allowed by by gauge coupling running ⇒ MSSM+DG:
I N = 2 SUSY in gauge sector
I N = 1 SUSY for matter

2. N = 2 SUSY comes naturally in extra-dimensional models
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Why Dirac gauginos? (IR perspective)

I Allow decoupling of gluino mass from squark (most importantly, stop)
masses via “supersoftness”

δm2
t̃
|gluino ∝ αs |M3|2 log

(
Λ

mt̃

)
δm2

t̃
|Dirac
gluino

∝ αs |M3|2 log

(
mO

M3

)
I Can have light stop + heavy gluino ⇒ viable natural spectrum

I Decrease squark pair production xsec ⇒ weaken LHC limits

Majorana gluino: ∼ 1/M3

Dirac gluino: ∼ 1/M2
3

I Allows for sizeable increase in H → γγ br via extra chargino
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Life is never perfect...
... and I’m not a used car dealer

Dirac gauginos:
I Spoils gauge unification

I needs to add additional ���garbage baggages
I however, can add 24 of SU(5) and push extra (3, 2)5/6 + h.c. states to

∼ 1012 GeV

I Reduce (sometimes completely) the MSSM tree-level Higgs mass
contribution

I Coupling W ⊃ Hu · THd + SHu ·Hd can easily raise tree-level mh to 126
GeV for low tanβ, no heavy stops needed

I Hu · THd contrib. to EW precision paramter T ∼ v 2
T/v

2

I Not too difficult to satisfy bound; can contrain parameter space

I Naive realizations of spectrum are not realistic (light sleptons ⇒ TeV scale
squarks)

I can exploit UV motivation (e.g. extra-dim) to get realistic spectrum
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Conclusion

I MSSM + Dirac gauginos is theoretically well-motivated

I Given current LHC bound + Higgs(-like particle) @ 126 GeV, MSSM+DG
is an attrative and viable natural SUSY model.
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