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1. Introduction

Supersymmetry (SUSY) represents an extension of the standard model (SM) with a symmetry
between fermions and bosons in the form of SUSY super-partners of SM particles. If one writes a
minimal extension to the SM which includes SUSY, the super-potential contains four terms which
violate lepton or baryon number [1], as seen in Equation 1.1.

1 = ! 2 1 "I T
wWDo ElijkLiLjEk + lijkLinDk + Ea’iijiDjDk +&L;H, (1.1)
The first and last terms (hereafter referred to as LLE and LH, respectively) violate lepton number
(LFV), while the second and third terms (hereafter referred to as LQD and UDD, respectively)
violate baryon number (BFV).

Unconstrained values of the new Yukawa couplings A and € can lead to rapid proton decay,
and lepton flavor violating decays, both of which are highly constrained by experimental results.
These terms are often avoided in SUSY models by enforcing a new U(1) parity called R-Parity,

defined in Equation 1.2. Conservation of R-Parity disallows interactions from these terms of the
super-potential.

Pr = (—1)®3B+L) — | SM Particles

(1.2)
—1 SUSY Particles

There is, however, no a priori need for R-Parity conservation (RPC), so long as the coupling
strength of the new interactions is small enough so as to be compatible with the aforementioned
experimental bounds.

R-Parity Violation (RPV) leads to a rich variety of new SUSY signals. In particular, in contrast
to RPC SUSY models, the lightest supersymmetric particle (LSP) is not stable, and will decay to
SM particles. This leads to signatures with little missing energy in the final state signatures, a
classic signature of RPC SUSY. The final states can be very diverse, with 0-4 leptons and 0-10 jets
possible. Example diagrams of RPV signatures can be seen in Figure 1.

Figure 1: Example diagrams of RPV signatures

This article highlights new results in RPV SUSY searches from the ATLAS and CMS Collab-
orations.
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2. Searches

2.1 ATLAS Run 1 reinterpretation

ATLAS has performed a reinterpretation of multiple existing LHC Run 1 searches using sim-
plified models and the phenomenological minimally supersymmetric standard model (pMSSM) for
all LFV RPV terms [3].

2.1.1 LLE gluino

The first simplified model deals with gluino production with decay via the LLE operator.
A representative diagram for this production and decay can be seen in the left-most diagram of
Figure 1. The analyses are reinterpreted as a function of the branching ratios of the left-handed
(right-handed) super-fields L (E) to tau leptons, covering a large portion of the parameter space of
the A;jx operator, as can be seen in the left-most plot of Figure 2. Further, three different values
of the ratio of the neutralino to gluino mass m(}y)/m(g) are considered, namely 0.1, 0.5 and 0.9.
The limit plots for 0.1 and 0.9 are also shown in Figure 2.
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Figure 2: LLE gluino parameter space in A;j; operators in which interpretations are done (left). Limit plots
in the same parameter space for m(%Y)/m(g)=0.1 (center) and 0.9 (right)

2.1.2 LQD gluino, squark

Instead of decaying via the LLE operator, gluinos or squarks could also decay through the
LQD operator, for example in the center diagram in Figure 1. This simplified model is treated
similarly to the LLE case, except the reinterpretation is performed as a function of the branching
ratios of the super-fields to tau leptons and b quarks, as shown in the top left plot of Figure 3.
Limits for LQD gluino production for m(}Y)/m(g)=0.1 and 0.9 are shown in the top of Figure 3,
and limits for LQD squark production for m(%V)/m(g)=0.5 and 0.9 are shown in the bottom of
Figure 3.

2.1.3 Bilinear RPV

Decays via the LH term in Equation 1.1 are denoted as bilinear RPV. In this model, the lightest
supersymmetric particle (LSP) is a mass-degenerate neutralino/chargino pair. There are light top
and bottom squarks, with all other supersymmetric particles pushed to kinematically inaccessible
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Figure 3: LQD gluino/squark parameter space in 4;j; operators in which interpretations are done (top left).
Limit plots in the same parameter space for the LQD gluino models m(}?)/m(g)=0.1 (top center) and 0.9
(top right). Limit plots in the same parameter space for the LQD squark models m(f(? )/m(g)=0.5 (bottom
left) and 0.9 (bottom right)

masses. A representative diagram of this model can be seen in Figure 4 left. Interpreted in the

context of the pMSSM, this model is already constrained by neutrino experiments, by the mass

of the Higgs boson, and by leptoquark reinterpretations with top squark LSP. Limits are set in a

two dimensional plane as a function of the mass parameter for left-handed top and bottom squarks

my, ,, and the mass parameter which controls the neutralino/chargino mass (. The masses of the

bottom and top squarks as a function of mg, , can be seen in the center plot of Figure 4. 95%

confidence level limits can be seen as a function of my, , and p in the right-most plot of Figure 4.
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Figure 4: Representative bilinear RPV diagram (left). Masses of the bottom and top squarks as a function
of mg, ; (center). 95% confidence level limits as a function of mg, ; and u.
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2.2 UDD gluino

Both ATLAS and CMS have recent results for searches using topologies which decay via the
UDD operator, a representative diagram of which is shown as the right-most diagram in Figure 1.
These topologies contain many jet in the final state, and searches are performed using both light
and heavy flavor final states. The ATLAS search [5] uses two methods: a jet counting method,
which requires at least 6 jets, with multiple b-jet categories; and a total jet mass method, which
uses the scalar sum of the masses of the four leading large cone jets as a discriminant. The total jet
mass of the data sample, along with backgrounds and a signal sample, can be seen on the left hand
side of Figure 5. Limits are set on 6 jet and 10 jet signal models. The limits calculated using the
total jet mass method for the 10 jet model, and as a function of gluino and neutralino masses, can
be seen in the center plot of the same figure. The analysis is also interpreted as a function of the
branching fraction of the gluino to individual quark flavors, the limits for which are shown on the
right-hand side of Figure 5.
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Figure 5: ATLAS UDD gluino search. Total jet mass of the data sample, along with backgrounds and a
signal sample (left). Limits calculated using the total jet mass method for the 10 jet model as a function
of gluino and neutralino masses (center). Limits set as a function of the branching fraction of the gluino to
individual quark flavors (right).

A similar CMS search [6] considers only the 6 jet model, and performs the analysis as a 3-jet
resonance search, with 0 and 2 b-tag signal regions. Limits for the O (2) b-tag signal regions as a
function of 3-jet invariant mass can be seen on the left- (right-) hand side of Figure 6.

A second CMS search [7] directly targets heavy flavor gluino decay, performing a search
which requires one lepton and searches for high-multiplicity jet and b-jet events. A signal diagram
is shown in the left-most diagram of Figure 7. The center plots in Figure 7 show the data to
background comparison of the number of b-tagged jets in the single electron (left) and muon (right)
selections. Limits as a function of gluino mass are shown in the right-most plot of Figure 7.

2.3 Top squarks and naturalness

A search for so-called naturalness drives many SUSY models. These models tend to have light
third-generation squarks (top and bottom squarks).
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Figure 6: CMS UDD gluino search. Limits for the 0 b-tag (left) and 2 b-tag (right) signal regions as a
function of 3-jet invariant mass.
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Figure 7: CMS UDD gluino heavy flavor search. Representative diagram (left). Data to background com-
parison of the number of b-tagged jets in the single electron (left center) and muon (right center) selections.
Limits as a function of gluino mass (right).

2.3.1 LQD leptoquark reinterpretation

The 8 TeV first and second generation pair-produced leptoquark result [8] is reinterpreted in
the context of a Higgsino-mediated top squark decay [9]. The production and decay of this model
is shown on the left-hand side of Figure 8. A Higgsino-mediated decay is considered because
direct top squark decay is equivalent to leptoquark decay, and limits can be taken directly from the
leptoquark searches.

2.3.2 LQD top squark

A CMS search [10] targets the chargino-mediated top squark decay shown in the top left
diagram in Figure 9. This search requires two opposite-charged same-flavor electrons or muons,
at least one b-tag, and split signal selections into 5, 6 and 7 jet categories. Each top squark mass
signal point has an optimized St cut, and the search is sensitive to the LQD operator )Li’jk for all
i,),k < 2. The Nje distributions for the ete” (left) and utu~ (right) selections are shown as the
top plots in Figure 9, and the corresponding limit plots as a function of the top squark mass are
shown in the bottom of the same figure.
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Figure 8: Diagram of the Higgsino-mediated top squark decay via the RPV A/, ({=e) or A5, (/=) cou-

pling (top). 95% confidence level reinterpretation of leptoquark experimental limits on Higgsino-mediated

stop production in the eejj (left) and ppjj (right) final states.

CMS preiminary 19716 TeV) CMS preiminary 107 wieTeY)
t

eetHets,

CMS _Preliminal 197 16°(8 Tev) _. _CMS Prelimina 19.7 (8 Tev)
- 5 —
OE pp - T b K - et Boooio-oo | S0 pp L RT bR K o B o ssao
£ —— Observed E’ £ —— Observed
E --e-- Expected o 1= --e-- Expected
E s E
E 5

,,,,,

95 % CL limit on o x B [pb]

2
O
s
0
8

- 1 Il Il Il L 1 Il L
0 300 400 500 600 700 800 900 1000 1100 300 400 500 600 700 800 900 1000 1100
M, (Gev) M, (Gev)

Figure 9: LQD chargino-mediated top squark decay (top left). Njes distributions for the ete™ (top center)
and u™p~ (top right) selections. Limit plots as a function of the top squark mass for the e*e™ (bottom left)
and uT p~ (bottom right) selections.

2.3.3 UDD top squark

An ATLAS search [11] targets low mass top squarks where the top squark decays via the A,
operator to b and s quarks, as shown in the left-most diagram in Figure 10. The analysis looks
for a boosted system with merged jets, using large cone jets and jet substructure techniques. The
average jet mass is shown in the center plot of Figure 10, and limits as a function of top squark
mass are shown on the right-most plot. This search provides a complement to high top squark mass
searches.

3. Summary

ATLAS and CMS have a rich variety of analyses, with searches for all R-parity violating
interactions. Many of the existing 8 TeV limits are reaching or surpassing 1 TeV. Run 2 of the
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Figure 10: UDD top squark decay to b and s quarks (left). Average jet mass (center). Limits as a function
of top squark mass (right).

LHC with a center of mass energy of 13 TeV will extend the reach of all of these analyses, finding
discoveries or tightening the allowable phase space for RPV SUSY, furthering our understanding
of these models, of SUSY, and of the standard model.
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