


!"#$%&'()*+'$,'+-"'+.+/"0'







÷g

÷! 1
0

÷u, ÷da few TeV

∼ 100 GeV

mg̃ < 1 TeV

m÷g/m÷q < 0.3





m÷g ! m÷q

! R !
m÷g

m÷q

÷g ÷S ÷G

g S

g

g

÷q ÷g ÷q! ÷! 1
0

q q q

÷q ÷B ÷S ÷G

q " S

g

g

1

12' 13'

÷g ÷S ÷G

g S

g

g

÷g ÷q! ÷! 1
0

q q

÷q ÷g ÷q! ÷! 1
0

q q q

1

( '

( '



! ! (j 1, j 2)

''''''456''''''''''457'8526'

! ! (j 1, j 2) ! ! (pmissing
T , j2)





z =
min (EA , EB )

EA + EB

9%"*:;'<-)*"'=)*.)>/"0'' ?-)/"* @'A)%:'4B''



y1! 2 =
d1! 2

p2
T

O(mg̃)!#)/"'C-"*"')'1"+'.<'*"<$/="&'.%+$'+C$'<D>1"+<'



Figure 5: pT of the third hardest jet for di ! erent signal models (all with mq̃ = 4 TeV) after applying
the pre-selection cuts deÞned earlier, along with a cut requiring y1! 2 > 2á10" 3 for the second hardest
jet.

Model 1 Model 2 Model 3
! S 0.97 (0.11) 1.01 (0.11) 0.68 (0.08)

S/
√

B 5.0 (4.9) 5.3 (4.9) 3.5 (3.6)

Table 3: Signal cross section and signiÞcance formq̃ = 4(5) TeV at L = 10(100) fb" 1. To arrive at
these numbers we use the preselection cuts deÞned earlier (increasing the cut onpT (j 1) to 2 TeV for
mq̃ = 5 TeV) and required pT (j 3) > 100 GeV andy1! 2(j 2) > 2á10" 3. Note that, after applying these
cuts we found background cross sections of! B = 0 .37(0.05) fb.

3.5 Uncertainties

In closing, we comment on theoretical and experimental uncertainties in our analysis which
have the potential to a! ect the reach presented in Table 3.

We expect the principle source of theoretical uncertainties in our analysis to apply to the
production rates we use since these are all calculated at tree level. According to Ref. [66],
the NLO K -factors relevant to V + jets and tøt production are O(0.9 − 1.5) while Ref. [17]
shows K -factors for squark-gluino production rising with m÷q which at m÷q = 1 TeV 12 are
generally O(1.5). We therefore expect that our quoted values forS/

√
B will likely increase

slightly once we calculate at higher orders, but even takinga very conservative standpoint it

12 Explicit numbers are not provided for squarks as heavy as those we consider.
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Model 1 Model 2 Model 3 Z + J W + J tøt QCD
No cuts 4.26 (0.51) 3.78 (0.45) 1.78 (0.23) - - - -

Pre-selection (PS) 1.72 (0.27) 1.46 (0.23) 0.78 (0.14) 0.43 1.05 0.41 0.82
PS & ∆! (E/ T , j ) > 0.3 0.67 (0.09) 0.47 (0.06) 0.31 (0.05) 0.24 0.54 0.01 0.03
PS & y1→2 > 2 á10−3 1.13 (0.18) 1.15 (0.18) 0.73 (0.12) 0.07 0.32 0.18 0.17
PS & y1→2 > 2 á10−3 0.97 (0.16) 1.01 (0.16) 0.68 (0.11) 0.04 0.18 0.06 0.09
& pT (j 3) > 100 GeV

Table 2: Signal (for m÷q = 4(5) TeV) and background cross sections, in fb, in the presence of various
cuts.

roughly 60%, but the background are brought to the fb level. Furthermore, as can be seen
in Fig. 2, the signal and background are both primarily dijet like (since ∆! (j 1, j 2) ! " ) and
E/ T is mostly aligned with the second hardest jet.

As discussed earlier, in addition to the cuts already imposed it is customary to apply a
cut on jet-E/ T alignment requiring ∆! (j, E/ T ) ! 0.3. However, as can be seen on the right
hand side of Fig. 2, and in Table 2, such a cut would reduce signal rates by 60" 70%. While
the ∆! (j, E/ T ) cut does reduce background (especially the QCD background, which goes down
by ! 96%), such a cut is impractical and we must relax it, replacing it with something else.

Figure 2: ∆! (j 1, j 2) and ∆! (E/ T , j 2) distributions on the left and right after the pre-selection cuts
have been applied. The distribution labeled ÒSUSYÓ is for am÷q = 4 TeV squark decaying to light
ßavor: ÷q # qøq#1

0 (Model 1). However, we note that the distributions using other gluino decay modes
are quite similar. Note that all histograms are normalized to the same area.
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We present a broad class of supersymmetric models that preserveR-parity but lack missing energy
signatures. These models have new light particles with weak-scale supersymmetric masses that feel
SUSY breaking only through couplings to the MSSM. The simplest scenario has low-scale SUSY
breaking, with nearly-supersymmetric NLSPs leading to missing ET only from soft gravitinos. We
emphasize that this scenario is natural, lacks artiÞcial tunings to produce a squeezed spectrum,
and is consistent with gauge coupling uniÞcation. The resulting collider signals will be jet-rich
events containing false resonances that could resemble signatures ofR-parity violation or of other
scenarios like technicolor. We discuss several concrete examples of the general idea, and emphasize
! jj resonances and very large numbers ofb-jets as two possible discovery modes.

Introduction. The Large Hadron Collider (LHC) has
embarked on a broad campaign to discover weak scale
supersymmetry (SUSY). Many SUSY (see [1] for a re-
view) searches are now underway, hoping to discover en-
ergetic jets, leptons, and/or photons produced by the de-
cays of superpartners. A common feature of most SUSY
searches [2Ð5] is that they demand a large amount of
missing transverse energy as a strategy to reduce Stan-
dard Model (SM) backgrounds. This approach is moti-
vated by R-parity, which, if preserved, implies that the
lightest superpartner (LSP) is stable and contributes to
missing energy. In this paper, we introduce a new class of
SUSY models that preserveR-parity, yet lack missing en-
ergy signatures. These models ofStealth Supersymmetry
will be missed by standard SUSY searches.

Even whenR-parity is preserved, the lightest SM (Ôvis-
ibleÕ sector) superpartner (LVSP) can decay, as long as
there is a lighter state that is charged under R-parity.
This occurs, for example, when SUSY is broken at a low
scale (as in gauge mediated breaking, reviewed by [6]),
and the LVSP can decay to a gravitino, which is stable
and contributes to missing energy. Here, we consider the
additional possibility that there exists a new hidden sec-
tor of particles at the weak scale, but lighter than the
LVSP. If SUSY is broken at a low scale, it is natural for
the hidden sector to have a spectrum that is approxi-
mately supersymmetric, with a small amount of SUSY
breaking Þrst introduced by interactions with SM Þelds.

The generic situation described above is all that is re-
quired to suppress missing energy in SUSY cascades. The
LVSP can decay into a hidden sector Þeld,÷X , which we
take to be fermionic, and heavier than its scalar super-
partner, X . Then, ÷X decays to a stable gravitino and its
superpartner, ÷X ! ÷GX , and X , which is even underR-
parity, can decay back to SM states like jets,X ! jj . Be-
cause the spectrum in the hidden sector is approximately
supersymmetric, the mass splitting is small within the X
supermultiplet, m ÷X " mX # m ÷X . Therefore, there is no
phase space for the gravitino to carry momentum: the
resulting gravitino is soft and missing energy is greatly

reduced. We illustrate the spectrum, and decay path,
in Þgure 1. We emphasize that this scenario requires no
special tuning of masses. The approximate degeneracy
betweenX and ÷X is enforced by a symmetry: supersym-
metry!
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We present a broad class of supersymmetric models that preserve R-parity but lack missing
energy signatures. The key assumptions are a low fundamental SUSY breaking scale and new light
particles with weak-scale supersymmetric masses that feel SUSY breaking only through couplings to
the MSSM. Such particles are nearly-supersymmetric NLSPs, leading to missing ET only from soft
gravitinos. We emphasize that this scenario is natural, lacks artificial tunings to produce a squeezed
spectrum, and is consistent with gauge coupling unification. The resulting collider signals will be
jet-rich events containing false resonances that could resemble signatures of R-parity violation or
of other scenarios like technicolor. We discuss several concrete examples of the general idea, and
emphasize ! jj resonances and very large numbers of b-jets as two possible discovery modes.

Introduction. The Large Hadron Collider (LHC) has
embarked on a broad campaign to discover weak scale
supersymmetry (SUSY). Many SUSY (see [1] for a re-
view) searches are now underway, hoping to discover en-
ergetic jets, leptons, and/or photons produced by the de-
cays of superpartners. A common feature of most SUSY
searches [2Ð5] is that they demand a large amount of
missing transverse energy as a strategy to reduce Stan-
dard Model (SM) backgrounds. This approach is moti-
vated by R-parity, which, if preserved, implies that the
lightest superpartner (LSP) is stable and contributes to
missing energy. In this paper, we introduce a new class of
SUSY models that preserveR-parity, yet lack missing en-
ergy signatures. These models ofStealth Supersymmetry
will be missed by standard SUSY searches.

Even whenR-parity is preserved, the lightest SM (Ôvis-
ibleÕ sector) superpartner (LVSP) can decay, as long as
there is a lighter state that is charged under R-parity.
This occurs, for example, when SUSY is broken at a low
scale (as in gauge mediated breaking, reviewed by [6]),
and the LVSP can decay to a gravitino, which is stable
and contributes to missing energy. Here, we consider the
additional possibility that there exists a new hidden sec-
tor of particles at the weak scale, but lighter than the
LVSP. If SUSY is broken at a low scale, it is natural for
the hidden sector to have a spectrum that is approxi-
mately supersymmetric, with a small amount of SUSY
breaking Þrst introduced by interactions with SM Þelds.

The generic situation described above is all that is re-
quired to suppress missing energy in SUSY cascades. The
LVSP can decay into a hidden sector Þeld,÷X , which we
take to be fermionic, and heavier than its scalar super-
partner, X. Then, ÷X decays to a stable gravitino and its
superpartner, ÷X ! ÷GX , and X , which is even underR-
parity, can decay back to SM states like jets,X ! jj . Be-
cause the spectrum in the hidden sector is approximately
supersymmetric, the mass splitting is small within the X
supermultiplet, m ÷X " mX # m ÷X . Therefore, there is no

phase space for the gravitino to carry momentum: the
resulting gravitino is soft and missing energy is greatly
reduced. We illustrate the spectrum, and decay path,
in Þgure 1. We emphasize that this scenario requires no
special tuning of masses: the approximate degeneracy
betweenX and ÷X is enforced by a symmetry: supersym-
metry!
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FIG. 1. An example spectrum and decay chain for Stealth
SUSY with gluino LVSP.

A hidden sector may therefore eliminate missing en-
ergy, making the SUSY searches ine! ective at the LHC.
Moreover, the LEP and Tevatron limits on supersym-
metry mostly rely on missing energy, and do not apply
to these models. This raises the interesting possibility
of hidden SUSY: superpartners may be light enough to
have been produced copiously at LEP and the Tevatron,
yet missed, because their decays do not produce miss-
ing energy. Our proposal is morally similar, but more far
reaching, than the idea that the higgs boson may be light,
but hidden from LEP by exotic decay modes (see the ref-
erences within [7], and more recently [8, 9]). It also has a
great deal in common with SUSY models containing Hid-
den Valleys [10], though in previous discussions$ET has
been suppressed by longer decay chains, rather than su-
persymmetric degenerate states. Fortunately, there are a
number of experimental handles that can be used to dis-
cover stealth supersymmetry. Possible discovery modes

FIG. 1. An example spectrum and decay chain for Stealth
SUSY with gluino LVSP.

Two assumptions can be relaxed. First, a fermion
other than the gravitino can end the cascade, if its mass
Þts in the small available phase space: we can general-
ize to ÷X ! ÷NX for a variety of light neutral fermions
÷N . Because gravitino couplings are 1/F -suppressed, such

decays are often preferred if available. Then, we need
not assume low-scale SUSY breaking; gravity mediation
can also give rise to this scenario, if a suppressed SUSY-
breaking splitting between ÷X and X is natural. This calls
for sequestering, an idea that already plays a key role in
such scenarios as anomaly and gaugino mediation [7].

A hidden sector may therefore eliminate missing en-
ergy, making the SUSY searches ine! ective at the LHC.
Moreover, the LEP and Tevatron limits on supersym-
metry mostly rely on missing energy, and do not apply
to these models. This raises the interesting possibility
of hidden SUSY: superpartners may be light enough to
have been produced copiously at LEP and the Tevatron,
yet missed, because their decays do not produce miss-
ing energy. Our proposal is morally similar, but more far
reaching, than the idea that the higgs boson may be light,
but hidden from LEP by exotic decay modes (see the ref-
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in the rest frame of a decaying singlino, has momentum
! m ! m, implying a smaller missingET in the lab frame.
(A clear discussion of the impact of degenerate states on
jet+ "ET searches appears in [16].) Figure 3 shows the"ET
distributions for a 300 GeV gluino decaying in a standard
SUSY scenario to a stable 100 GeV bino, versus decay-
ing through a 100 GeV singlino with the singlet at vari-
ous masses. This simulation used Pythia 6.4 [17] with a
modiÞed decay table and PGS as a simple detector model
[18]. A splitting of 10 GeV reduces the"ET by an order
of magnitude, while a 1 GeV splitting saturates the "ET
reduction, as jet mismeasurement becomes the dominant
e! ect. For longer lifetimes, an additional source of"ET
arises when the momentum and the vector from the ori-
gin to the calorimeter are no longer aligned. We modeled
this e! ect and found that it adds to the tail of "ET distri-
butions, but is a very small e! ect for 10 cm lifetimes and
only moderately important at 50 cm lifetimes. We have
modeled several ATLAS and CMS searches [2Ð5], and
present the strongest estimated limits on ÷g÷g production
with ÷g # g÷s, s # gg in Fig. 3.
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FIG. 3. Missing transverse energy (MET) in a SUSY scenario
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1), labeled Òvanilla,Ó
compared to a decay chain ÷g ! g(÷s ! ÷G(s ! gg)) as in Fig.
1. The curves are labeled by the scalar-to-fermion mass ratio
as a percentage.

Detecting Stealth SUSY. While standard missing
ET searches overlook stealth SUSY, a variety of experi-
mental handles exist. The small width 5 gives rise to dis-
placements of millimeters, centimeters, or more in stealth
SUSY events. High multiplicity Þnal states can also be
an interesting general search strategy [19]. Other signa-
tures are more model-dependent. In theSHu Hd model,
s decays to bøb, so each event will include at least four
bÕs. Because the singlino mixes with Higgsinos, other
decays like ÷B # ÷sh(# bøb) can occur to produce more
bÕs. In fact, a chain ÷g # ÷b # ÷B # ÷s can produce as
many as 12bÕs in a single event! The displaced vertex
and b-jet signatures of stealth SUSY resembles aspects of
Hidden Valley phenomenology [20]. In theSY øY model,
the Y Þelds may be long-lived if they decay only through
GUT-suppressed operators, opening the possibility ofR-
hadron-like phenomenology [21].

False Resonances. Because the gravitino is soft, in-
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FIG. 4. M (" jj ) for all triplets passing a cut on mass relative
to

!
pT . Note the peak at the bino mass of 300 GeV and the

falling feature near the squark mass of 500 GeV.

variant masses made of visible particles may reconstruct
peaks forR-odd particles. For instance, the decay chain

÷q # q( ÷B # " (÷s # ÷G(s # gg))) (6)

will have M (" gg) $ m ÷B and M (" ggq) $ m÷q. We ad-
vocate searching for resonances composed of a gauge bo-
son (" , Z, W ± ) and a pair of jets, to reconstruct bino
and wino (co-)LVSPs. (A " jj resonance has been dis-
cussed in pure-glue Hidden Valleys [22].) A gluino decay
chain, ÷g # g÷s # ggg÷G, can lead to a 3-jet resonance,
which strongly resembles the ÷g # 3q decay in R-parity
violating SUSY with UDD couplings. An approach to
overcoming combinatorics to Þndjjj resonances based
on cuts in the (M (jjj ),

!
j pT ) plane has been pursued

by CDF and CMS [23]. Our simulations show that these
techniques have similar reach for our gluino LVSP case.

We have studied squark pair production, with decays
as in Eq. 6, in more detail. We Þx a benchmark point:
m÷q = 500 GeV for ÷uR and ÷cR with other squarks decou-
pled, m ÷B = 300 GeV, m÷s = 100 GeV, and ms = 90 GeV.
We generate events with Pythia and a modiÞed decay ta-
ble, and reconstruct jets using FastJetÕs anti-kt algorithm
(R = 0 .5) [24]. Studies of"" + jets backgrounds (using
MadGraph 4 [25] with MLM matching [26], Pythia, and
comparisons to a recent CMS study [27] that measured
"" distributions) show that requiring two photons with
ET > 120 GeV and |#| < 1.44, along with at least two
jets with ET > 45 GeV and

!
jets ET > 200 GeV, re-

duces the background below the signal. The challenge
is then combinatorics. We apply the technique of Refs.
[23]: we Þnd that forming all " jj triplets and requir-
ing M (" jj ) <

!
! ,j,j pT % 75 GeV brings out features

from the combinatoric background. The distribution is
shown in Fig. 4; its broad outline would become appar-
ent with around 1 fb−1 of data, while several fb−1 would
be needed to make the structure clear. The expected
feature is present at the bino mass,M (" jj ) $ 300 GeV,
but there is also an apparent edge or endpoint near the
squark mass,M (" jj ) $ 500 GeV. This suggests that we
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We present a broad class of supersymmetric models that preserveR-parity but lack missing energy
signatures. These models have new light particles with weak-scale supersymmetric masses that feel
SUSY breaking only through couplings to the MSSM. The simplest scenario has low-scale SUSY
breaking, with nearly-supersymmetric NLSPs leading to missing ET only from soft gravitinos. We
emphasize that this scenario is natural, lacks artiÞcial tunings to produce a squeezed spectrum,
and is consistent with gauge coupling uniÞcation. The resulting collider signals will be jet-rich
events containing false resonances that could resemble signatures ofR-parity violation or of other
scenarios like technicolor. We discuss several concrete examples of the general idea, and emphasize
! jj resonances and very large numbers ofb-jets as two possible discovery modes.

Introduction. The Large Hadron Collider (LHC) has
embarked on a broad campaign to discover weak scale
supersymmetry (SUSY). Many SUSY (see [1] for a re-
view) searches are now underway, hoping to discover en-
ergetic jets, leptons, and/or photons produced by the de-
cays of superpartners. A common feature of most SUSY
searches [2–5] is that they demand a large amount of
missing transverse energy as a strategy to reduce Stan-
dard Model (SM) backgrounds. This approach is moti-
vated by R-parity, which, if preserved, implies that the
lightest superpartner (LSP) is stable and contributes to
missing energy. In this paper, we introduce a new class of
SUSY models that preserve R-parity, yet lack missing en-
ergy signatures. These models of Stealth Supersymmetry
will be missed by standard SUSY searches.

Even when R-parity is preserved, the lightest SM (‘vis-
ible’ sector) superpartner (LVSP) can decay, as long as
there is a lighter state that is charged under R-parity.
This occurs, for example, when SUSY is broken at a low
scale (as in gauge mediated breaking, reviewed by [6]),
and the LVSP can decay to a gravitino, which is stable
and contributes to missing energy. Here, we consider the
additional possibility that there exists a new hidden sec-
tor of particles at the weak scale, but lighter than the
LVSP. If SUSY is broken at a low scale, it is natural for
the hidden sector to have a spectrum that is approxi-
mately supersymmetric, with a small amount of SUSY
breaking first introduced by interactions with SM fields.

The generic situation described above is all that is re-
quired to suppress missing energy in SUSY cascades. The
LVSP can decay into a hidden sector field, X̃, which we
take to be fermionic, and heavier than its scalar super-
partner, X. Then, X̃ decays to a stable gravitino and its
superpartner, X̃ ! G̃X, and X, which is even under R-
parity, can decay back to SM states like jets, X ! jj. Be-
cause the spectrum in the hidden sector is approximately
supersymmetric, the mass splitting is small within the X
supermultiplet, m ÷X " mX # m ÷X . Therefore, there is no
phase space for the gravitino to carry momentum: the
resulting gravitino is soft and missing energy is greatly

reduced. We illustrate the spectrum, and decay path,
in figure 1. We emphasize that this scenario requires no
special tuning of masses. The approximate degeneracy
between X and X̃ is enforced by a symmetry: supersym-
metry!
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We present a broad class of supersymmetric models that preserveR-parity but lack missing
energy signatures. The key assumptions are a low fundamental SUSY breaking scale and new light
particles with weak-scale supersymmetric masses that feel SUSY breaking only through couplings to
the MSSM. Such particles are nearly-supersymmetric NLSPs, leading to missing ET only from soft
gravitinos. We emphasize that this scenario is natural, lacks artiÞcial tunings to produce a squeezed
spectrum, and is consistent with gauge coupling uniÞcation. The resulting collider signals will be
jet-rich events containing false resonances that could resemble signatures ofR-parity violation or
of other scenarios like technicolor. We discuss several concrete examples of the general idea, and
emphasize! jj resonances and very large numbers ofb-jets as two possible discovery modes.

Introduction. The Large Hadron Collider (LHC) has
embarked on a broad campaign to discover weak scale
supersymmetry (SUSY). Many SUSY (see [1] for a re-
view) searches are now underway, hoping to discover en-
ergetic jets, leptons, and/or photons produced by the de-
cays of superpartners. A common feature of most SUSY
searches [2Ð5] is that they demand a large amount of
missing transverse energy as a strategy to reduce Stan-
dard Model (SM) backgrounds. This approach is moti-
vated by R-parity, which, if preserved, implies that the
lightest superpartner (LSP) is stable and contributes to
missing energy. In this paper, we introduce a new class of
SUSY models that preserveR-parity, yet lack missing en-
ergy signatures. These models ofStealth Supersymmetry
will be missed by standard SUSY searches.

Even whenR-parity is preserved, the lightest SM (Ôvis-
ibleÕ sector) superpartner (LVSP) can decay, as long as
there is a lighter state that is charged under R-parity.
This occurs, for example, when SUSY is broken at a low
scale (as in gauge mediated breaking, reviewed by [6]),
and the LVSP can decay to a gravitino, which is stable
and contributes to missing energy. Here, we consider the
additional possibility that there exists a new hidden sec-
tor of particles at the weak scale, but lighter than the
LVSP. If SUSY is broken at a low scale, it is natural for
the hidden sector to have a spectrum that is approxi-
mately supersymmetric, with a small amount of SUSY
breaking Þrst introduced by interactions with SM Þelds.

The generic situation described above is all that is re-
quired to suppress missing energy in SUSY cascades. The
LVSP can decay into a hidden sector Þeld,÷X , which we
take to be fermionic, and heavier than its scalar super-
partner, X. Then, ÷X decays to a stable gravitino and its
superpartner, ÷X ! ÷GX , and X , which is even underR-
parity, can decay back to SM states like jets,X ! jj . Be-
cause the spectrum in the hidden sector is approximately
supersymmetric, the mass splitting is small within the X
supermultiplet, m ÷X " mX # m ÷X . Therefore, there is no

phase space for the gravitino to carry momentum: the
resulting gravitino is soft and missing energy is greatly
reduced. We illustrate the spectrum, and decay path,
in Þgure 1. We emphasize that this scenario requires no
special tuning of masses: the approximate degeneracy
betweenX and ÷X is enforced by a symmetry: supersym-
metry!
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FIG. 1. An example spectrum and decay chain for Stealth
SUSY with gluino LVSP.

A hidden sector may therefore eliminate missing en-
ergy, making the SUSY searches ine! ective at the LHC.
Moreover, the LEP and Tevatron limits on supersym-
metry mostly rely on missing energy, and do not apply
to these models. This raises the interesting possibility
of hidden SUSY: superpartners may be light enough to
have been produced copiously at LEP and the Tevatron,
yet missed, because their decays do not produce miss-
ing energy. Our proposal is morally similar, but more far
reaching, than the idea that the higgs boson may be light,
but hidden from LEP by exotic decay modes (see the ref-
erences within [7], and more recently [8, 9]). It also has a
great deal in common with SUSY models containing Hid-
den Valleys [10], though in previous discussions$ET has
been suppressed by longer decay chains, rather than su-
persymmetric degenerate states. Fortunately, there are a
number of experimental handles that can be used to dis-
cover stealth supersymmetry. Possible discovery modes

FIG. 1. An example spectrum and decay chain for Stealth
SUSY with gluino LVSP.

Two assumptions can be relaxed. First, a fermion
other than the gravitino can end the cascade, if its mass
fits in the small available phase space: we can general-
ize to X̃ ! ÑX for a variety of light neutral fermions
Ñ . Because gravitino couplings are 1/F -suppressed, such
decays are often preferred if available. Then, we need
not assume low-scale SUSY breaking; gravity mediation
can also give rise to this scenario, if a suppressed SUSY-
breaking splitting between X̃ and X is natural. This calls
for sequestering, an idea that already plays a key role in
such scenarios as anomaly and gaugino mediation [7].

A hidden sector may therefore eliminate missing en-
ergy, making the SUSY searches ine! ective at the LHC.
Moreover, the LEP and Tevatron limits on supersym-
metry mostly rely on missing energy, and do not apply
to these models. This raises the interesting possibility
of hidden SUSY: superpartners may be light enough to
have been produced copiously at LEP and the Tevatron,
yet missed, because their decays do not produce miss-
ing energy. Our proposal is morally similar, but more far
reaching, than the idea that the higgs boson may be light,
but hidden from LEP by exotic decay modes (see the ref-
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We present a broad class of supersymmetric models that preserveR-parity but lack missing energy
signatures. These models have new light particles with weak-scale supersymmetric masses that feel
SUSY breaking only through couplings to the MSSM. The simplest scenario has low-scale SUSY
breaking, with nearly-supersymmetric NLSPs leading to missing ET only from soft gravitinos. We
emphasize that this scenario is natural, lacks artiÞcial tunings to produce a squeezed spectrum,
and is consistent with gauge coupling uniÞcation. The resulting collider signals will be jet-rich
events containing false resonances that could resemble signatures ofR-parity violation or of other
scenarios like technicolor. We discuss several concrete examples of the general idea, and emphasize
! jj resonances and very large numbers ofb-jets as two possible discovery modes.

Introduction. The Large Hadron Collider (LHC) has
embarked on a broad campaign to discover weak scale
supersymmetry (SUSY). Many SUSY (see [1] for a re-
view) searches are now underway, hoping to discover en-
ergetic jets, leptons, and/or photons produced by the de-
cays of superpartners. A common feature of most SUSY
searches [2Ð5] is that they demand a large amount of
missing transverse energy as a strategy to reduce Stan-
dard Model (SM) backgrounds. This approach is moti-
vated by R-parity, which, if preserved, implies that the
lightest superpartner (LSP) is stable and contributes to
missing energy. In this paper, we introduce a new class of
SUSY models that preserveR-parity, yet lack missing en-
ergy signatures. These models ofStealth Supersymmetry
will be missed by standard SUSY searches.

Even whenR-parity is preserved, the lightest SM (Ôvis-
ibleÕ sector) superpartner (LVSP) can decay, as long as
there is a lighter state that is charged under R-parity.
This occurs, for example, when SUSY is broken at a low
scale (as in gauge mediated breaking, reviewed by [6]),
and the LVSP can decay to a gravitino, which is stable
and contributes to missing energy. Here, we consider the
additional possibility that there exists a new hidden sec-
tor of particles at the weak scale, but lighter than the
LVSP. If SUSY is broken at a low scale, it is natural for
the hidden sector to have a spectrum that is approxi-
mately supersymmetric, with a small amount of SUSY
breaking Þrst introduced by interactions with SM Þelds.

The generic situation described above is all that is re-
quired to suppress missing energy in SUSY cascades. The
LVSP can decay into a hidden sector Þeld,÷X , which we
take to be fermionic, and heavier than its scalar super-
partner, X . Then, ÷X decays to a stable gravitino and its
superpartner, ÷X ! ÷GX , and X , which is even underR-
parity, can decay back to SM states like jets,X ! jj . Be-
cause the spectrum in the hidden sector is approximately
supersymmetric, the mass splitting is small within the X
supermultiplet, m ÷X " mX # m ÷X . Therefore, there is no
phase space for the gravitino to carry momentum: the
resulting gravitino is soft and missing energy is greatly

reduced. We illustrate the spectrum, and decay path,
in Þgure 1. We emphasize that this scenario requires no
special tuning of masses. The approximate degeneracy
betweenX and ÷X is enforced by a symmetry: supersym-
metry!
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FIG. 1. An example spectrum and decay chain for Stealth
SUSY with gluino LVSP.

Two assumptions can be relaxed. First, a fermion
other than the gravitino can end the cascade, if its mass
Þts in the small available phase space: we can general-
ize to ÷X ! ÷NX for a variety of light neutral fermions
÷N . Because gravitino couplings are 1/F -suppressed, such

decays are often preferred if available. Then, we need
not assume low-scale SUSY breaking; gravity mediation
can also give rise to this scenario, if a suppressed SUSY-
breaking splitting between ÷X and X is natural. This calls
for sequestering, an idea that already plays a key role in
such scenarios as anomaly and gaugino mediation [7].

A hidden sector may therefore eliminate missing en-
ergy, making the SUSY searches ine! ective at the LHC.
Moreover, the LEP and Tevatron limits on supersym-
metry mostly rely on missing energy, and do not apply
to these models. This raises the interesting possibility
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pT (j 1) > 1.5T eV

pT (j 2) > 400GeV

pmissing
T > 500GeV



s̃ ! s + G̃

g̃ ! b̃ ! B̃ ! s̃ ! s + G̃
b h

b+ øb
b+ øbb

_%'S$&"/'C-"*"'!'S.`"<'C.+-'!Q'V.::<'


