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Introduction

I Two possible mass terms for gauginos λ:

Majorana: MMλλ , Dirac: MDλΨ

(Ψ superfield in adjoint representation)

I Dirac mass terms are theoretical well motivated:
[Fayet; Hall&Randall; Polchinski&Susskind; Fox,Nelson&Weiner; Antoniadis,Benakli,Delgado&Quiros;. . . ]

I Consequence of N = 2 SUSY
I Consistent with R-symmetry (in contrast to Majorana terms)

I Dirac masses have interesting phenomenological aspects
I Suppressed cross section for colored SUSY particles

[Heikinheimo,Kellerstein,Sanz,1111.4322], [Kribs,Martin,1203.4821]

I Relaxed constraints from flavor physics [Kribs,Poppitz,Weiner,0712.2039]

I Rich Higgs sector [Benakli,Goodsell,FS,1211.0552]
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Minimal extension of the MSSM with Dirac Gauginos

[Benakli,Goodsell, 0811.4409]

I MSSM extended by:
• gauge singlet (S), • SU(2)L triplet (T ), • color octet (O)

I Superpotential

WR = Yuûq̂Hu − Ydd̂q̂Hd − Yeêl̂Hd

+λSSHu ·Hd + 2λTHd ·THu

W/R = µHu ·Hd

I R-symmetry broken in Higgs sector by µ

I Majorana gaugino masses and trilinear soft-terms remain zero

I Minimal model not consistent with gauge coupling unification
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+λSSHu ·Hd + 2λTHd ·THu

W/R = µHu ·Hd

I R-symmetry broken in Higgs sector by µ

I Majorana gaugino masses and trilinear soft-terms remain zero

I Minimal model not consistent with gauge coupling unification

Florian Staub BCTP Bonn 3 / 9



Minimal extension of the MSSM with Dirac Gauginos

[Benakli,Goodsell, 0811.4409]

I MSSM extended by:
• gauge singlet (S), • SU(2)L triplet (T ), • color octet (O)

I Superpotential
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Building a GUT model

SU(5): (3,2)5/6 + (3̄,2)−5/6
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Building a GUT model

(SU(3))3: (1,2)1/2 + (1,2)−1/2 + 2× (1,1)±1
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Building a GUT model

Field (SU(3), SU(2))Y
Ru (1,2)−1/2

Rd (1,2)1/2

Ê1,2 (1,1)1

ˆ̃E1,2 (1,1)−1

W = · · ·+
+(µR + λSRS)RuRd + 2λTRRuTRd

+(µÊ ij + λSÊ ijS)Êi
ˆ̃Ej

−YÊiRuHdÊi − Y ˆ̃Ei
RdHu

ˆ̃Ei

−Y ij
LFV Li ·HdÊj − Y j

EFVRuHdEj
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Ê1,2 (1,1)1

ˆ̃E1,2 (1,1)−1

W = · · ·+
+(µR + λSRS)RuRd + 2λTRRuTRd

+(µÊ ij + λSÊ ijS)Êi
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RdHu

ˆ̃Ei

−Y ij
LFV Li ·HdÊj − Y j

EFVRuHdEj

New Yukawas are constrained by flavor observables

Additional couplings have a negligible impact on masses of MSSM
fields

We use in the following
YÊi = Y ˆ̃Ei

= Y ij
LFV = Y j

EFV = λTR = λSR = 0
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The CMDGSSM

CMDGSSM

I mD0 : common Dirac mass term for all gauginos

I m0: common scalar mass for all sfermions and Ê, R̂

I We allow for different softs for adjoints mΣ and singlet ms

I Higgs soft-terms and vS , vT fixed by vacuum conditions

I Additional parameters: µ, Bµ, λ, tanβ

λT constrained by ρ-paramter: taken to be zero.

Studies done with SARAH, SPheno and HiggsBounds
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The RGEs change significantly
I Sfermions

I Dirac masses for gauginos don’t enter at one- and two-loop
→ Mass difference between sleptons/squarks much smaller

I New contributions due to scalar adjoints

Running squarks of 1./2. generation

CMDGSSM: m2
Q,U,D ' m2

0 − 0.08m2
O − 0.1m2

0

CMSSM: m2
Q ' m2

0 + 4.3M2
1/2 ,m

2
D ' m2

U ' m2
0 + 4M2

1/2

I Gauginos:
I Different gauge factors; gCMDGSSM

GUT > gCMSSM
GUT

I λ enters the evaluation already at one-loop

Running gaugino masses

CMDGSSM: b1 = 2
5mDY (24g2

1 + 5λ2), b2 = 0, b3 = −6g2
3mD3

CMSSM: b1 = 66
5 M1g

2
1, b2 = 2g2

2M2, b3 = −6g2
3M3
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Results
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Results
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Large m0 necessary for EWSB and non-tachyonic spectrum as MSUSY .
→ Sfermions (but stops) are often much heavier than electroweakinos
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Results

100

150

200

250

300

60 80 100 120 140 160 180 200 220 240

m
χ
± 1
(G

eV
)

mχ01
(GeV)

LEP exclusion

Ch
arg

ino
LS

P

LSP either a Bino or Higgsino

Florian Staub BCTP Bonn 7 / 9



CMDGSSM vs. CMSSM

CMSSM CMDGSSM

GUT scale 2 · 1016 GeV 1.8 · 1017 GeV

gGUT 0.7 1.1

Sfermions
(1./2. gen.)

m2
Q : m2

D : m2
U : m2

E : m2
L

1 = 5.3 : 5.0 : 5.0 : 1.13 : 1.44

m2
Q : m2

D : m2
E : m2

U : m2
L

= 0.77 : 0.79 : 0.83 : 0.93 : 1.02.

Gauginos M1 : M2 : M3

0.44 : 0.84 : 2.34.

mDY : mD2 : mD3

0.22 : 0.9 : 3.5.

mTree
h MZ cos2 2β MZ(cos2 2β + λ2

g2 sin2 2β)

1m0 = M1/2
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Conclusion

I We have constructed a model for Dirac Gauginos consistent
with GUT unification

I The mass pattern can differ significantly from CMSSM
expectations

I 1. & 2. generation of sleptons and squarks are close in mass
and often very heavy

I 3. generation sfermions can be significantly lighter despite the
vanishing trilinear terms

I Light electroweak fermions often present

I More studies are to come to explore this model in more detail:
stay tuned
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