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1. Introduction

At this conference we have seen how new results from Atlas@GW& collaborations have
substantially advanced the exclusion limits on supersyimmparticles [1]. In spite of this im-
pressive progress, however, the theoretical argumentefdrscale supersymmetry have not yet
been invalidated.

Even before the new LHC data, supersymmetry has been urdernsing pressure from data
on flavor, CP, dark matter, as well as from direct searches\attiion. On the theory side, an attrac-
tive way of easing the pressure is provided by imposing aicootis U(1) symmetry on the Min-
imal Supersymmetric Standard Model (MSSM), Resymmetry [2], which removes some of the
phenomenologically embarrassing parameters of the thésgigning theR charges to the MSSM
superfields as in Table 1 (thecharge of the fermionic coordinateis taken ast+1), theu term
and baryon- and lepton-number changing terms in the sufmia as well as soft-supersymmetry
breaking Majorana gaugino masses and trilinkaerms are forbidden, while Majorana neutrino
masses can be generated. However, to give the gaugino agglrfdgnasses the superfield con-
tent of the model has to be extended. The MinilRaymmetric Supersymmetric Standard Model
(MRSSM) [3, 4] incorporates (i) new chiral superfiekis = {0k, G{(} in the adjoint representation
of the gauge group (witk =C,1,Y for SU(3),SU(2),U (1) respectively) (i) two new iso-dublet
chiral superfield$,, Ry (R- H|ggs) Then the standard gaugirf®sire combined with the new ones
G’ to form Dirac fermion€5p = G G/, while the new Higgses allow to buil-symmetricu-type
terms, Ly Hq- Ry —+ Ly Ho- Ry

The Dirac nature of gauginos as well as neyy and adjoint scalar fieldsk have far reach-
ing consequences on supersymmetric particle productitredtHC ande*e™ colliders, cold dark
matter expectations and flavor- and CP-changing procesklese we briefly discuss the experi-
mental footprint of theR-symmetric Higgs sector at the LHC astle™ colliders [4].

2. The Higgs sector

In addition to the standard Yukawa and ngwtype terms thdr-symmetry also admits trilin-
ear terms for isospin and hypercharge interactions in thergotentiall " Hg -3 vRg + Ay¥ H
iwliu. The soft-supersymmetry breaking parameters, consigigimR-symmetry, include th&,
for the standard Higgs bosons, soft scalar massgsmg for H and R Higgses (=u,d), Dirac
gaugino massadg? and soft massdd, of the adjoint scalars.

The Higgs potential derived from the superpotential andstifeterms is in general very com-
plex due to the presence B, Rando; y states. Assuming the mass parameters irothesector

Superfield R-charge|| Superfield R-charge
matterL, E®, Q De,uc +1 gauge chiraky 0
gauge vectofk 0 R-Higgs Ry +2
Higgs Hg, Hq 0

Table 1: The R-charges of the MSSM and of the new gauge chirand R-Higgs superfields.
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Figurel: Left: Masses of &, and R; , Higgs bosons for a common mass parametgening, +u3 )"/
Right: Branching ratios for decays of the neutrd-Riggs to sfermions, neutralinos and charginos.

large?l of TeV order (to suppress the vacuum expectation value otheectoro;, as demanded
by thep parameter), the neutral part of the potential simplifies to

V = (Mg, + 1) [HG | + (i, + ) [HR1? + (M, + pd) [RG[? + (M@, + ) |RGl® — (ByuHgHR +h.c.)
2 2 2
+ [AaHdRG + AdHIRG|” + [Ad HaR) — AyHGRI|+ (9% + ) (IHG]” = [HG)* = [Ral* + [Ryf?)

Since ndB,-type term for theR-Higgses is allowed, as required Bysymmetry, theR-Higgs fields
Ra.u do not develop non-zero vacuum expectation values. As  ré¢seiR andH Higgs fields do
not mix with the other. As the same—si@jd carry oppositdR-charge, they do not mix either, while
the mass-eigenstates of the neutral ones are obtained bypdast diagonalization ofx2 mass
matrix. For(mg, + uiu)l/z = mk > v, in analogy to the heavy Higgs bosons of the MSSM, the
neutral and chargeR-Higgses are roughly mass-degenerate, see fig.Irfddluloterms of order
g2v?/mk (N = 2 susy values of tha"Y couplings are assumed, ané- (V2 +v3)1/2 is the vev of
the MSSMH-Higgs fields).

The conservedR-charge restricts thB-Higgs boson trilinear couplings to pairs of sfermions,
R/7, RGd, and chargino/neutralino combinationRY¥; the couplings to pairs of SM particles
and Higgs bosonR f f, RVV. RHH vanish. Therefore, th&-Higgs bosons, if kinematically al-
lowed, decay to sfermion pairs, e.ﬁzj — GLJ;;, 0%, and pairs of charginos/Dirac neutralinos,
Rj — )N(J)N(S; Rg andR} " have similar decay channels. Fermions, charginos andaiieats will
eventually decay through cascades to the lightest stabieatiao )?81. Note that the light neutral
R-Higgs bosons may have invisible decay mode if the only opszay channel is(glxgl. This
is shown in the right panel of fig.1 [4], where a set of 2-bodysbell neutralR? Higgs decays is
displayed (for SPS1a’ scenario [6] with the gauginos taleieac and sfermion mixing removed).

3. R-Higgsbosonsat colliders

The conservedR-charge implies that th&Higgs bosons can be produced only in pairs at
the pp collider LHC, via Drell-Yan mechanism, and &e~ annihilation at prospective linear
colliders. Fig.2 (from [4]) shows the expected size of thesersections for the production of

IThe colored scalars, sgluoms can nevertheless be rather light and copiously producdeeatHiC [5].
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Figure 2: Drell-Yan production of R-Higgs boson pairs at the 14 TeV Li@sus the averaged mass of the
produced particles M; Right: Production of R-Higgs boson pairs ate™ colliders for two mass values:
0.2 TeV and 0.5 TeV.

neutral/chargedR-Higgs pairs,RIRS’, R{R; andR{RY’; cross sections for the diagonal neutral
R-Higgs boson pairsR%RY" andRIRY', vanish for the commoR-Higgs mass parameter;. Ad-
ditional sources oR Higgs bosons, though in general at reduced levels, areqad\iy the fusion
channelpp— yy — R*R~, or from heavy MSSM Higgs decay$ — RR.

Although the details of the experimental signature depenthe specific scenario, the pair-
production ofR-Higgs bosons determines the characteristic featuresingadgain the SPSla
scenario, we may expect

RR” =ttt + X3 X8 XSixSs
final states as a result of the cascade dec&s:+ ¥3,%3, followed by X3, — 1T followed by
T — 1X3;. The1's give rise tog 1 leptons and narrow hadronic jets. The fdi8Ps generate
a large amount of missing energy ée~ collisions and missing transverse momentum in pro-
ton collisions. Other charge configurations and decay daflanof theR pairings have similar
characteristics. Thus, the multi-foldmultiplicity in association with high values of missing-en
ergy/transverse momentum offers promising signatureddtectingRRevents.
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