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Need to explore different SUSY 
scenarios/ SUSY breaking 

mechanism

LHC stringent bounds 
on first/second 

generation squarks and 
gluino.

MSSM parameter space 
significantly constrained 

flavorful SUSY mediation, stealth SUSY, RPV..



Dirac gauginos
                                                                   

(hep-ph/0206096)

supersoft=no log divergencies, gauginos naturally heavier than 
scalars

Dirac gauginos
Squark production cross 
section lowered by heavy 

gluinos

MultiTeV Majorana 
gluinos problem for 

naturalness

Dirac gluinos naturally heavier than scalars!

hep ph 1203.4821



Dirac gauginos
                                                                   

New Adjoints superfields for each SM gauge group 

Dirac gauginos
ψB̃

ψW̃

ψg̃

We can now build models with a quasi exact 
R symmetry

Advantages:

SUSY flavor problems largely ameliorate 

Larger CP violation ( ew baryogenisis 
easier to accomodate)

hep ph 0712.2039

hep ph 1107.1719



R symmetric models

• MRSSM:  R symmetry contains the standard 
Rp as discrete symmetry.  R symmetric 
Higgs sector contains 4 doublets.

•            as the lepton number.  Sneutrino 
can play the down type higgs, just two 
doublets required.

•          baryon number 

U(1)R

U(1)R

hep ph 0712.2039

hep-ph 1107.4634

hep-ph 1110.6670



 total lepton number 
• All lepton superfields  carry the same R charge, R(L)=0 

and R(E)=2.

U(1)R

single VeV basis: sneutrino flavor a down type higgs

indicates the superfield associated to the sneutrino which acquires a VeV. In this basis the
superpotential is

W = µHuRd + λSHuSRd + λT HuTRd + WY ukawa + Wtrilinear (4)
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where we chose a different notation for the trilinear couplings containing La in order to make
clear that they are the down type Yukawa couplings.
In the single VeV basis it is immediate to notice that the charged lepton of flavor a does not
acquire mass trough a SUSY invariant Yukawa interaction due to the antisymmetry of the
λ couplings. Therefore, the la mass will be generated by the SUSY breaking sector through
couplings between the messenger and the leptonic superfields in the same way as [].
Now, in our scenario where the R symmetry is the global lepton number it is natural to
assume that this sector will generate a hard Yukawa coupling for all the leptons not just
for the flavor a. This suggests that the more natural choice for a should be a = e. Indeed
if we identify a with another flavor than e, the hard Yukawa coupling for it would have to
be quite large, larger than the Yukawa coupling for the electron. Therefore, also the hard
Yukawa coupling for the electron would be probably be as big as the the SUSY preserving
Yukawa coupling unless we do not assume some unmotivated hierarchy in the parameters to
suppress the contribution for the electron.

1.1 Charginos and Neutralinos

The chargino mass matrix is a priori square matrix of order 12, but in the single VeV basis
we can study separate the right handed letptons and the left handed leptons of flavor b, c

from the others because they mix just among each others. Therefore, we can write down the
lagrangian in the following way:
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−) for the chargino mass matrix, and
ψL = (lb, lc) and ψR = (ea, eb, ec) for the leptons. The mass matrices are defined in the
following way:
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W= µHuRd + λSHuψB̃Rd + λT HuψW̃ Rd + Wyukawa + Wtrilinear

down type Yukawa couplings RPV couplings



• U(1) lepton number for BSM particle violated

different constraints:
no bounds from neutrino physics!

λLLEC λ�LQDC

These couplings could be larger, interesting pheno 
consequences!

bounds from neutrino physics
Barbier et al

hep ph 040639



Bounds on gravitino mass  

(

Neutrino mass generated

R symmetry is not exact. Broken by gravitino mass

Majorana mass for gauginos and trilinear coupling generated 
through anomaly or gravity mediation

mνa < 1eV
m3/2 < 100 MeV

interesting implications for  neutrino 
physics, hep-ph 1203.5340

connection with 
DM,

work in progress

νa
νa

x

x

b bc

b̃L
b̃R



U(1)R lepton number and 
neutrino physics

Majorana neutrino masses and mixings generated 
through the R symmetry breaking

R symmetry forbids Majorana mass for neutrinos

Can we reproduce the correct pattern without 
additional degree of freedom?

hep-ph 1203.5340



Anomaly mediated R 
breaking

R preserving gravity mediation (hep ph 1008.1798)

for mτ̃c = 100 GeV. This bound implies a lower limit for the sneutrino vev va > 15 GeV both for a = e,

and for a = µ. We see that this would exclude the region of the parameter space with gauginos with a mass
around the electroweak scale. Therefore, the MMRSSM spectrum is characterised by fairly heavy gauginos
or in another words the very high tanβ region in the MMRSS is excluded by the experimental constraints
on the Yukawa coupling.

When a = τ the strongest bound on the sneutrino vev comes from the bottom Yukawa coupling. The
trilinear coupling LaQb

c leads to an additional contribution to at loop level to the partial width of the Z to
τ . The comparison with experiment gives the following bound:

|yb| < 0.58
� mb̃R

100GeV

�2

. (43)

Therefore, the MMRSSM parameter space for a = τ is less constrained, and in particular it contains also a
very tanβ region.

In the standard Rp violating scenario, the EWPM bounds are subleading compared to the bounds that
come from the generation of Majorana mass for neutrinos. If we consider for example λ

�
a33 = y

a
b , that

is the bottom Yukawa coupling in our model, we see that the constraints on the neutrino mass require:
λ
�
a33 > 10−6

, while in our case the same coupling can be several orders of magnitude bigger: y
τ
b > 0.58. We

will investigate the phenomenological consequences of this in s ection 5.
Standard Rp violating trilinear couplings are also constrained by cosmological bounds and these con-

straints can be quite stringent. For example, the requirement that an existing baryon asymmetry is not
erased before the electroweak transition typically implies [19] λ, λ

�
< 10−7

. These constraints do not apply
to our case, as the model preserves the baryonic number as well as lepton number. However, as we will
see in the following section, the MMRSSM requires a very low re-heating temperature and would require a
different baryogenesis mechanism.

4 R-symmetry breaking

R-symmetry is not an exact symmetry because it is broken (at least) by the gravitino mass term that is
necessary to cancel the cosmological constant. This breaking is then communicated to the visible sector,
through anomaly mediation if nothing else. Therefore, we need to take into account the following additional
anomaly-mediated, R-symmetry violating soft terms [15]:
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2
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where m 3
2

= Λ2

MP
is the gravitino mass, and Λ ∼

√
D� indicates the SUSY breaking scale. Therefore, the

gauginos are not pure Dirac fermions, but pseudo Dirac. For relatively low SUSY breaking scale Λ these
contributions will be subdominant compared to the R-symmetric SUSY breaking terms in equation (2) and
will not have important phenomenological consequences. One important exception is that they will generate
neutrino masses that can be above the present bound. Also, the presence of a massive gravitino which in
our case is unstable leads to important bound on the reheating temperature.

9

Majorana mass for the gauginos and scalar 
trilinear couplings ( left/right mixing)



Neutrino masses at 
one loop

bµ at EW scale 

same loops as RPV different order of magnitude of 
parameters

suppressed by the gauginos
 Majorana 

mνa �
g2

4
MM

(16π2)
m2

Z

m2
D

all three neutrino remain  massless at tree level



Neutrino masses and mixings can be reproduced 
without the need of additional degrees of freedom

Normal or inverted hierarchy?

it depends crucially on the flavor a

Neutrino physics points out toward a gravitino in the mass 
range:

1MeV < m3/2 < 50MeV

gravitino DM candidate
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1

τ3/2 ∼ 1028 − 1030s work in progress



LHC phenomenology 

R symmetry 
lepton number

RPV MSSM

sizable branching ratio in 
the our framework,
shorter decay chain!

t̃L → bτ

t̃L → bl

b̃L → bν

b̃R → tlb̃R → tt

work in 
progress

λ�
i33 ∼ 1 λ�i33 ∼ 10−3

simple flavor ansatz: third generation couplings larger

Third generation leptoquarks



Signals with third 
generation quarks and 

leptons
tops, bottom and taus copiously produced at 

the LHC 
N1 → tbτ

q̃ → N1q

which is the smoking gun of the model?

how can we tell at the LHC that the RPV 
couplings are large?



Summarizing..

• Dirac gauginos interesting possibility to 
interpret LHC bounds

• R symmetry - R symmetry as lepton 
number 

• The sneutrino is the down type Higgs

• Distinctive LHC phenomenology (copious 
leptoquark signatures)

• Interesting model building for neutrinos


