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1. Introduction

At this conference we have seen how new results from Atlas andCMS collaborations have
substantially advanced the exclusion limits on supersymmetric particles [1]. In spite of this im-
pressive progress, however, the theoretical arguments forTeV-scale supersymmetry have not yet
been invalidated.

Even before the new LHC data, supersymmetry has been under increasing pressure from data
on flavor, CP, dark matter, as well as from direct searches at Tevatron. On the theory side, an attrac-
tive way of easing the pressure is provided by imposing a continuous U(1) symmetry on the Min-
imal Supersymmetric Standard Model (MSSM), theR-symmetry [2], which removes some of the
phenomenologically embarrassing parameters of the theory. Assigning theRcharges to the MSSM
superfields as in Table 1 (theR-charge of the fermionic coordinateθ is taken as+1), theµ term
and baryon- and lepton-number changing terms in the superpotential as well as soft-supersymmetry
breaking Majorana gaugino masses and trilinearA-terms are forbidden, while Majorana neutrino
masses can be generated. However, to give the gaugino and higgsino masses the superfield con-
tent of the model has to be extended. The MinimalR-symmetric Supersymmetric Standard Model
(MRSSM) [3, 4] incorporates (i) new chiral superfieldsΣ̂K = {σK ,G̃′

K} in the adjoint representation
of the gauge group (withK =C, I ,Y for SU(3),SU(2),U(1) respectively) (ii) two new iso-dublet
chiral superfieldŝRu,R̂d (R-Higgs). Then the standard gauginosG̃ are combined with the new ones
G̃′ to form Dirac fermionsG̃D = G̃⊕ G̃′, while the new Higgses allow to buildR-symmetricµ-type
terms,µd Ĥd · R̂d +µu Ĥu · R̂u.

The Dirac nature of gauginos as well as newRu,d and adjoint scalar fieldsσK have far reach-
ing consequences on supersymmetric particle production atthe LHC ande+e− colliders, cold dark
matter expectations and flavor- and CP-changing processes .Here we briefly discuss the experi-
mental footprint of theR-symmetric Higgs sector at the LHC ande+e− colliders [4].

2. The Higgs sector

In addition to the standard Yukawa and newµ-type terms theR-symmetry also admits trilin-
ear terms for isospin and hypercharge interactions in the superpotentialλ I ,Y

d Ĥd · Σ̂I ,YR̂d +λ I ,Y
u Ĥu ·

Σ̂I ,YR̂u. The soft-supersymmetry breaking parameters, consistentwith R-symmetry, include theBµ

for the standard Higgs bosons, soft scalar massesmHi , mRi for H and R Higgses (i=u,d), Dirac
gaugino massesMD

K and soft massesMσK of the adjoint scalars.

The Higgs potential derived from the superpotential and thesoft terms is in general very com-
plex due to the presence ofH, R andσI ,Y states. Assuming the mass parameters in theσI ,Y sector

Superfield R-charge Superfield R-charge

matterL̂, Êc, Q̂,D̂c,Ûc +1 gauge chiral̂ΣK 0
gauge vectorĜK 0 R-HiggsR̂d,u +2
HiggsĤd,Ĥd 0

Table 1: The R-charges of the MSSM and of the new gauge chiralΣ̂K and R-Higgs superfields.
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Figure 1: Left: Masses of R01,2 and R±d,u Higgs bosons for a common mass parameter m′
R= (m2

Rd,u
+µ2

d,u)
1/2.

Right: Branching ratios for decays of the neutral R0
1-Higgs to sfermions, neutralinos and charginos.

large,1 of TeV order (to suppress the vacuum expectation value of theiso-vectorσI , as demanded
by theρ parameter), the neutral part of the potential simplifies to
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Since noBµ -type term for theR-Higgses is allowed, as required byR-symmetry, theR-Higgs fields
Rd,u do not develop non-zero vacuum expectation values. As a result, theR andH Higgs fields do
not mix with the other. As the same-signR+

u,d carry oppositeR-charge, they do not mix either, while
the mass-eigenstates of the neutral ones are obtained by a standard diagonalization of 2×2 mass
matrix. For(m2

Rd,u
+ µ2

d,u)
1/2 ≡ m′

R ≥ v, in analogy to the heavy Higgs bosons of the MSSM, the
neutral and chargedR-Higgses are roughly mass-degenerate, see fig.1 [4],moduloterms of order
g2v2/m′

R (N = 2 susy values of theλ I ,Y couplings are assumed, andv= (v2
1+ v2

2)
1/2 is the vev of

the MSSMH-Higgs fields).

The conservedR-charge restricts theR-Higgs boson trilinear couplings to pairs of sfermions,
Rℓ̃ℓ̃ , Rq̃q̃, and chargino/neutralino combinations,Rχ̃ χ̃ ; the couplings to pairs of SM particles
and Higgs bosons,R f f, RVV, RHH vanish. Therefore, theR-Higgs bosons, if kinematically al-
lowed, decay to sfermion pairs, e.g.R+

d → ũLd̃∗
R, ν̃L l̃∗R, and pairs of charginos/Dirac neutralinos,

R+
d → χ̃+

d χ̃0
D; R0

d andR+,0
u have similar decay channels. Fermions, charginos and neutralinos will

eventually decay through cascades to the lightest stable neutralino χ̃0
D1. Note that the light neutral

R-Higgs bosons may have invisible decay mode if the only open decay channel is̃χ0
D1χ̃0

D1. This
is shown in the right panel of fig.1 [4], where a set of 2-body on-shell neutralR0

1 Higgs decays is
displayed (for SPS1a’ scenario [6] with the gauginos taken as Dirac and sfermion mixing removed).

3. R-Higgs bosons at colliders

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

1The colored scalars, sgluonsσC can nevertheless be rather light and copiously produced at the LHC [5].
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Figure 2: Drell-Yan production of R-Higgs boson pairs at the 14 TeV LHCversus the averaged mass of the
produced particles MR; Right: Production of R-Higgs boson pairs at e+e− colliders for two mass values:
0.2 TeV and 0.5 TeV.

neutral/chargedR-Higgs pairs,R0
1R0∗

2 , R+
d R−

d and R+
d R0∗

1 ; cross sections for the diagonal neutral
R-Higgs boson pairs,R0

1R0∗
1 andR0

2R0∗
2 , vanish for the commonR-Higgs mass parameterm′

R. Ad-
ditional sources ofRHiggs bosons, though in general at reduced levels, are provided by the fusion
channelpp→ γγ → R+R−, or from heavy MSSM Higgs decaysH → RR

∗
.

Although the details of the experimental signature depend on the specific scenario, the pair-
production ofR-Higgs bosons determines the characteristic features. Taking again the SPS1a′

scenario, we may expect
R0R0∗ → τ+τ−τ+τ−+ χ̃0

D1χ̃0
D1χ̃0c

D1χ̃0c
D1

final states as a result of the cascade decays:R0 → χ̃0
D1χ̃0

D2 followed by χ̃0
D2 → ττ̃ followed by

τ̃ → τ χ̃0
D1. The τ ′s give rise toe,µ leptons and narrow hadronic jets. The fourLSP′s generate

a large amount of missing energy ine+e− collisions and missing transverse momentum in pro-
ton collisions. Other charge configurations and decay channels of theR pairings have similar
characteristics. Thus, the multi-foldτ-multiplicity in association with high values of missing en-
ergy/transverse momentum offers promising signatures fordetectingRRevents.
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