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The “problem” of R-parity

Construction of SUSY Standard Model: invariance under

SU(3)c × SU(2)L × U(1)Y × ZR
2

Consequences of ZR
2 :

I renormalizable �L & ��B operators forbidden ⇒ no proton decay

I LSP absolutely stable ⇒ DM candidate

ZR
2 not the only possibility to forbid proton decay: what about

SU(3)c × SU(2)L × U(1)Y × U(1)R

R-parity

global
(R(θ) = 1)
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R-symmetry as Lepton Number: charge assignment

Different types of U(1)R symmetries invoked in the literature
(hep-ph/0206096, 0712.2039, 1103.1647, 1107.4634, 1110.6670)

HERE −→ U(1)R ≡ U(1)L

Bertuzzo, Frugiuele 1203.5340

SuperField (SU(3)c , SU(2)L)U(1)Y U(1)R
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1
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i (3̄, 1)− 2
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2

2

ΦW̃ (1, 3)0 0
ΦB̃ (1, 1)0 0
Φg̃ (8, 1)0 0

GSM → U(1)em

Lepton number

Dirac gauginos
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R-symmetry as Lepton Number: Superpotential

W = µHuRd + HuQYUU
c +

∑
ijk

λijkLiLjE
c
k +

+
∑
ijk

λ′ijkLiQjD
c
k + λSHuΦB̃Rd + λTHuΦW̃Rd

Resembles R-parity violating SUSY, but:

I accidental U(1)B ⇒ proton decay forbidden

I less parameters
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Comparison: ZR
2 vs U(1)R = U(1)L

SSM + ZR
2 SSM + U(1)R = U(1)L

Gauginos Majorana Dirac
Minimal particle

content
3 7

DM 3 gravitino (?)

Flavor 7 3

LHC ? 3

Neutrino masses 7 3
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LHC interlude

How to evade limits from nj +��ET?

1. retain only sparticles relevant for EWSB
→ i.e. natural SUSY

2. most sparticles below the TeV but removing ��ET

→ i.e. RPV-SUSY

3. most sparticles below the TeV but compressed
spectrum
→ i.e. compressed SUSY

4. most sparticles below the TeV but remove
σproduction

→ i.e. Dirac gauginos

U(1)R = U(1)L

LHC signatures: Frugiuele, Gregoire, Kumar, Ponton (work in progress)
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Neutrino physics: masses @ tree level

Dirac gauginos + Higgsinos → “leptons”
⇒ mixing with charged leptons and neutrinos

Mχ0 =

(
χ0χ0 χ0ν

χ0ν νν

)
, apply seesaw

⇒ ALL THREE NEUTRINOS ARE MASSLESS

Try with loops ⇒ STILL MASSLESS

?
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Missing ingredient

U(1)R CANNOT be an exact symmetry (broken at least by m3/2)

⇒ essential to keep into account the breaking

Two types of breaking:

I Anomaly mediation �R

I Planck mediation �R (all possible operators suppressed by Mplanck)

needs

additional structures
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Neutrino masses and mixing

Neutrino masses still vanishing at tree level, but now loops
available

Example:

�ekL
eelR ��jL�iL �ekR

eemL�ikl �jmk �iL ��jLedlR edmL�0jmk�0ikl �dkR�dkL(a) (b)
∼ m3/2 ↔ U(1)R breaking

All neutrino masses proportional to m3/2
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Strategy

Complicated structure, difficult to find analytic limits
→ reproduce benchmark matrices:

mNH
ν

10−2eV
'
(

0.39 0.80 0.017
0.80 2.99 2.08
0.017 2.08 2.49

)
mIH
ν

10−2eV
'
(

4.7 −0.54 −0.52
−0.54 2.19 −2.36
−0.52 −2.36 2.8

)

for a small ' 10−5 eV lightest neutrino mass (but also analysis for
larger masses).
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Results: some examples
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Summary of the results

Simple basis: only one 〈ν̃A〉 6= 0 → results changes according
to the flavor

small mlightest large mlightest

NH IH NH IH
A = e 3 3 3 3

A = µ 3 3 3 3

A = τ 7 7 7 7

3= OK large portion of parameter space
3= OK small portion of parameter space

General indications:

1 MeV . m3/2 . 100 MeV, vsneutrino & 30 GeV
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Conclusions

I Models with a continuous R-symmetry interesting because:
I easy to evade LHC bounds (ameliorated naturalness)
I (relatively) easy to evade flavor bounds

I When U(1)R = global lepton number, deep connection with
neutrino physics

I Neutrino masses and mixing can be reproduced in ample
regions of parameter space
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BACKUP SLIDES
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Hard Yukawa sector

Example:

ec
a

la

Xd

H†
u S

Φ

Φ

Φ

FX

F †
X
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