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Motivation

Supersymmetry — the most elegant and respected proposition for
the beyond SM physics

In the simplest realisation each SM particle is paired with a sparticle
that differs in spin by Vz:

» quarks — squarks

» gauge bosons — gauginos

» leptons — sleptons

» Higgses — higgsinos

If gauginos are seen — Majorana or Dirac ?

Need a model to differentiate
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Actually Dirac gauginos might be welcome

for example, Dirac gauginos (in contrast to Majorana in the
MSSM) forbid some couplings and often lead to additional

suppression in flavor-changing processes from gauginos

running in the loops. |
Antoniadis, Benakli, Delgado, Quiros 0610265
Kribs, Poppitz, Weiner 0712.2039
Blechman, Ng 0803.3811

e Dirac gauginos offer an attractive formulation with distinct
phenomenology

e and the Dirac gauginos bring in scalar partners — sgluons and EW
scalar bosons

Plehn, Tait 0810.3919
Kane, Petrov, Shao, Wang 0805.1397
Belanger et al., 0905.1043
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A hybrid N=1/N=2 SUSY model

In the MSSM gauginos are Majorana particles with two degrees of freedom
to match gauge bosons in a vector supermultiplet.

G & =G+ Do + (c")aP05G%, + ...

To provide two additional degrees, the N=1 vector supermultiplet
can be paired with an additional N=1 chiral, gauge supermultiplet
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to a vector hyper-multiplet of N=2 supersymmetry G = {G’. E}

Fayet 1976

Del Aguila, Dugan, Grinstein, Hall, Ross, West, 1985
Alvarez-Gaume, Hassan hep-ph/9701069

Fox, Nelson, Weiner hep-ph/0206102
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Schematically, the N=2 gauge hyper-multiplet can be decomposed
into the usual N=1 vector and chiral gauge supermultiplets:

superfields SU(3)e,SU(2)r, U(1)y ||Spin 1|Spin 1/2|Spin 0

Go / color 8.1.0 q"° g°

G / isospin 1,3,0 W W vector
Gy / hypercharge 1.1.0 B B

Mo / color 81,0 ke ol

3 / isospin 1,3,0 W o3 |chiral
>y / hypercharge 1.1.0 B’ oy

Gauge scalars are
R-parity even

N=2 mirror (s)fermions are assumed to a hybrid N=1/N=2
be heavy to avoid chirality problems SUSY model
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H; =sgH™ +cga™
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HS — 7 [sg(v + h) +cgH + i(cgA — sga)] ,
1
H(? — 7[(,3 v —l—f?)—qu—l—?(Hgi—l—F(;gr{)]
(Tgl/ — 7 vy + sy + tay) ,
; | (-
o2 = (vf + sy +iap), of=—(cF +07).
T \/j I I I i) \/5 2 1 .

Gauge boson masses w2 — _11{9’2 1+ g??,

Ap=p—1= 4-1:?/-1:2

pseudoscalars
neutral scalars
charged scalars
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Dirac neutralinos and scal:
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EW scalars| two Higgs doublets + iso-triplet ¢ and hypercharge singlet 9.
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Gauginos:
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Phenomenology at colliders

Squark cascade decays
Neutralino pair production

EW scalar boson production and decays

only few examples to be shown: more in
arXiv:1005.0818 [hep-ph]
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Squark cascade decays

via neutralino via chagino

MSSM: gL —qXs — qlTIf = qlF 1T X7, i — dx] = dy I, dit o, — dity X0
Dirac: dr = qx5s = gtz s qlt I %3 g, — d ¥y —d i > d Ty
MSSM vs Dirac: different chirality structure
imprint in angular distributions
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Neutralino pair production
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Diagonal pairs of Dirac neutralinos are excited in S-waves near threshold,

while Majorana in P-waves

consequences for dark matter
Belanger et al., 0905.1043

Dirac particle production is not forward-backward symmetric
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EW scalar boson production and decays

Gamma colliders are ideal for searching
for heavy scalars/pseudoscalars
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Comment on the scalar QCD sector

Sgluons can be produced

o ’f’
e in pairs %;5;9
< o
g_O_Q_SLSLQ_,p\
e singly “r e
9 90000

with spectacular decays

o — g9 — 9999 — 9999 + XX 05

0 — qq — qq + XX ;

i.e. for sgluon pair productio at the LHC
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Summary and outlook

Alternative N=1/N=2 SUSY hybrid realisation discussed
Doubling of gauginos gives rise to new states

16 Majorana gluinos =>» 8 Dirac gluinos

6 Majorana neutralinos =» 3 Dirac neutralinos

3 charginos

Adjoint scalars expand significantly the scalar sector
8 sgluons and 4 new SU(2)xU(1) states that mix with Higgs fields
Scale of new degrees is restricted by experiment
A variety of production channels and decay modes
rich phenomenology at colliders

consequences for DM relic abundance
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Selectron pair production

< MSSM Dirac = < MSSM Dirac =
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In the Dirac model: useful to define a Dirac charge
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Dig;’] = D[ty = D[7*?) = DIXB] = DIxful = DIXpal = ~1,
D[§p’] = D[£%? — D[X}] = D[Xp,] = DIX1,] = +1.

Allows a quick understanding of allowed and forbidden
processes with the first two generations of sfermions
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