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1. Introduction

Supersymmetry (SUSY) is one of the best frameworks to address and solve the hierarchy
problem, i.e. to stabilize the Higgs potential against radiative corrections. The existence of new
particles, superpartners of the Standard Model (SM) ones, around or just above the weak scale
is the most striking prediction of supersymmetric theories, as far as Naturalness is concerned.
Experimental searches at colliders have put significant pressure on SUSY, due to the lack of any
signal of physics beyond the SM. This translates into a high level of fine-tuning, often already below
the percent level, especially for the minimal realization of SUSY, the Minimal Supersymmetric
Standard Model (MSSM). Beyond the MSSM, constraints can be made milder, often at the price
of some theoretical complication. And even in those scenarios, due to the general lack of signals
of colored particles below the TeV scale, some tension with Naturalness typically remains.

However, relevant regions of the parameter space of SUSY theories with light colored su-
perpartners, such as the stop squarks, are still unconstrained by collider searches. This is mainly
due to the particularly challenging final states they produce. In R-Parity Conserving (RPC) SUSY,
compressed spectra typically give rise to very “soft” particles and a small amount of missing trans-
verse energy E/ T , and often lead to very top-like final states, extremely difficult to be disentangled
from the tt̄ SM process. In (baryonic) R-Parity Violating (RPV) SUSY, each stop decays to two
quarks, leading to multi-jet final states that suffer from the very large QCD background, which
makes searches, especially at low masses, extremely hard. Light stops have been widely studied in
the recent literature by both the theoretical [1–36] and experimental [37–50] communities.

To test such unconstrained regions of the SUSY parameter space is clearly relevant for the
hierarchy problem. It may be argued that, due to the generally stronger constraints on gluinos
(often above 1 TeV), the relevance for naturalness of light stops is weakened and more theoretical
ingredients are needed to obtain a consistent picture. However, from a pure phenomenological
point of view, probing stop squarks with masses around and below the top quark mass remains of
great importance, regardless of any theoretical prejudice.

In this proceeding we review the situation for light stops in RPC SUSY and in the presence
of baryonic RPV interactions, and stress the importance of triggers and b-tagging in probing the
unconstrained regions.

The document is organized as follows. In Section 2 we review the status of stop squark
searches after the first LHC run and in Section 3 we propose a new monojet-like analysis, ex-
ploiting b-tagging, to test four body stop decays in the compressed region. Section 4 is devoted to
review the state of light stop squarks in the presence of baryonic RPV interactions, when the stops
decay to a pair of quarks. In Section 5 we propose a strategy, again based on b-tagging, to cover
the gap between previous collider and existing LHC searches. Conclusions are drawn in Section 6.

2. Light stop searches in RPC SUSY

In the RPC case, the simplified model we consider involves the lightest of the two stop
squarks, t̃1, which decays to the lightest supersymmetric particle (LSP), the neutralino χ̃0

1 . We
distinguish three main kinematical regions characterized by the stop-neutralino mass difference
∆m = mt̃1 −m

χ̃0
1
. In the case when the mass difference is larger than the top mass, ∆m > mt , the
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stop always decays promptly via the two-body decay to a top quark and the neutralino. This is the
region where the strongest bounds on the stop mass are attained [41, 50] – for a neutralino lighter
than 250 GeV, stop masses below 600–750 GeV are excluded. Up until recently, there was a un-
constrained triangular region for an almost massless neutralino and 180 GeV < mt̃1 < 200 GeV,
but this triangle has been essentially closed by the constraint on the stop production cross section
coming from the spin correlation measurement of tt̄ production [51]

In the intermediate region mW +mb < ∆m < mt , the two body decay is precluded and the stop
decays via a three body process involving the W -boson and the b-quark from the off-shell top, and
the neutralino [38, 41, 44]. Also in this region the stop decay is prompt. The current data exclude
stop masses up to roughly 300 GeV in the central region of this domain.

Lastly, for 0 < ∆m < mW + mb, the above channels are closed and the stop decays to the
neutralino and either one or three light SM fermions. The first option corresponds to the one-
loop decay process t̃1 → c+ χ̃0

1 , while the second option is the logical extension of the decays
discussed above, where now even the W is forced to be off-shell, i.e. t̃1 → b+ f + f ′+ χ̃0

1 . This
is perhaps the most difficult region to investigate since there are two competing decay channels
with model dependent branching ratios. The model dependency is mainly due to the first process,
which involves the masses of all the superpartners that enter the loop as well as the squark flavor
structure. Moreover, in the kinematical region 0 < ∆m . 20GeV, the partial life-time of the second
decay becomes larger than 0.1mm/c, giving rise to displaced vertices or R-hadrons, unless the first
decay option dominates and is prompt. Thus, different search strategies must be employed in order
to cover all these cases.

A survey of the current bounds in the mt̃1 ,mχ̃0
1

plane is presented in Figure 1 (left). The ma-
jority of searches in the most squeezed region have targeted the decay mode t̃1→ c+ χ̃0

1 , assuming
this decay mode to have 100% BR [42, 45]. Under this assumption, stop masses below 250 GeV
have been excluded. The four body decay process t̃1 → b+ f + f ′+ χ̃0

1 has been targeted by the
ATLAS searches [41,42], in which 100% BR is assumed. However, under these assumptions, there
is still a fairly large unconstrained region at low masses. Let us again stress that, for the extremely
squeezed case, 0 < ∆m . 20GeV, this decay is unlikely to be prompt. For this decay mode, the
only model dependence comes from the interaction vertex between stop-top-neutralino, all other
interactions and masses being well known in the Standard Model. Such a vertex cannot deviate
too much from the typical electroweak strength and thus the width for this process is dictated by
the four-body phase-space. Yet, in the presentation of the analysis, the experimental collaborations
assume the decay to be prompt throughout the entire region and present their exclusion limits all
the way until they reach the line ∆m = mb. Of course, one may argue that this assumption is made
in the spirit of simplified models, avoiding any theory bias and thus considering the stop-neutralino
model as a paradigm for a more generic simplified model of a colored scalar decaying into an in-
visible fermion and three additional light fermions. As a cautionary remark though, our proposed
improvement on the search strategy for this channel [52] will heavily rely on one of these “light”
fermions being a b-quark thus using some of the theoretical ingredients from the MSSM.

The two searches [42,45] introduced in the above discussion cover complementary kinematical
regions. The search [42] is basically a monojet search in which at least one hard jet is required in
order to have a sufficient recoil that gives rise to a large amount of missing transverse energy (E/ T ).
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The very nature of the selection criteria is such that the search is most sensitive near the ∆m = mb

region where the stop decay products are soft. On the contrary, the search [45] is most sensitive
near the region ∆m = mW +mb. This is so because the search requires the presence of a lepton
in the final state that needs to sufficiently hard to be reconstructed. Due to the difficulties in the
reconstruction of soft leptons using fast detector simulation, it is in general difficult to recast this
search. Similarly, the proposal of its improvement suffers from the difficulty of dealing with soft
leptons. For this reason we do not attempt to recast and improve this latter search. Instead we have
chosen to focus on improving the former search strategy [42].

We are now ready to discuss the targeted region of our proposal. In Figure 1 (left) we sum-
marize the status of searches for light stops in the squeezed region with the assumption of a 100%
BR into a four-body final state. There is an unconstrained region of approximately triangular shape
for 90 GeV . mt̃1 . 140 GeV GeV, bounded by the exclusion curves from the ATLAS 1-lepton
search [41], the ATLAS monojet search [42] and LEP [53]. We have decided to enlarge the search
region to include lower values for the stop mass, down to mt̃1 = 80 GeV. Hence, we include
smaller stop masses than the usual region discussed in the ATLAS summary plot that terminates
at mt̃1 = 110 GeV. The reason is that this region is still unconstrained by any direct search and,
since the lightest stop may well be hiding there, we should allow for this possibility. Note that, in
some models, such a light stop may give rise to a problematic contribution to the Higgs production
cross section and precision observables but, since these contributions are more model dependent
and can in some cases be canceled by additional degrees of freedom, we prefer to take the agnostic
approach and allow for the full parameter space.

Before moving to the proposed improvement in the search strategy, we would like to comment
of the production modes for the stop [54]. Clearly ordinary stop pair production via strong interac-
tions has the largest cross section throughout the parameter space. There are however a couple of
additional production modes that might be of interest. In the simplified model we are considering,
there is still an unconstrained region where the top quark is heavier than the sum mt̃1 +m

χ̃0
1
. In this

region the top can develop an exotic decay mode t→ t̃1 + χ̃0
1 in addition to the ordinary SM decay

mode. The branching ratio for this exotic decay is in principle constrained by top physics measure-
ments, but the visible final states after the stop decays are the same, masking the signal, and thus a
non-negligible branching fraction could be possible. However in the context of the processes and
final states we are considering, this production mode does not significantly alter the results and we
will ignore it in the following. We remark that the amount of top decays t→ t̃1+ χ̃0

1 is a function of
the sum of masses mt̃1 +m

χ̃0
1
, that is independent from mt̃1−m

χ̃0
1
, which rules the branching ratios

into 2-, 3- and 4- body final states in the stop decay. Therefore the investigation of top decays into
stop might prove very useful to put robust bounds on light stops without a strong dependence on
the stop-neutralino mass difference, which instead is a nuisance of the searches for direct QCD
production of stops.

A second possible production mode is the 2-to-3 hard process pp→ tt̃1 + χ̃0
1 that is present

even if both t → t̃1 + χ̃0
1 and t̃1→ t + χ̃0

1 are kinematically forbidden. Being a 2→3 process with
three massive particle in the final state, its cross-section is greatly suppressed by the phase-space
factor. However this process has the advantage of not requiring the additional jet to recoil against,
since the two neutralino are not produced back to back as in the usual 2→ 2 pair production case.
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In this way, the 2→3 process disentangles the usual relation between ∆m and the amount of E/ T .

3. Monojet with b-tags

In [42] ATLAS performed the search for pair produced compressed stop squarks that our
proposal is trying to improve upon. They considered a total of five signal regions. Two of them (C1
and C2) target the decay mode t̃1→ c+ χ̃0

1 and will not be considered further. The remaining three
(M1, M2 and M3) are monojet-like searches that target both the charm decay mode and the four-
body decay mode we are interested in. It is perhaps a bit misleading to call such search “monojet”
given the fact that the actual selection cut employed is Njets ≤ 3. At any rate this search should not
be confused with the “Dark Matter” monojet search in [55].

After a preselection, that includes a lepton veto, the three ATLAS monojet regions are first
characterized by a common set of selections criteria, namely the presence of at most three jets
with pT > 30 GeV and |η | < 2.8 and an azimuthal angular separation between these jets and the
E/ T , ∆φ > 0.4. The difference between the three regions is then based on the pT of the leading jet
and the E/ T in the event. The values for these last two cuts are (p j1

T ,E/ T ) = (280,220),(340,340)
and (450,450) GeV in the signal regions M1, M2 and M3 respectively. The different signal re-
gions are optimized for different regions of parameter space. Since we are interested in targeting
the low-mass region we only consider the M1 selections in the following. Our proposal is quite
straightforward and can be summarized in one line: To improve the sensitivity to the low mass
region, add a b-tag requirement on one of the (at most) three jets.

More specifically, we require the presence of at least one b-tagged jet with 30 GeV < pT <

300 GeV, |η |< 2.5. In the above pT and η range, the ATLAS calibration algorithm for b-tagging
is data-driven, thus reducing the systematic uncertainties coming from Monte Carlo simulations.
In what follows we denote the new signal region by “M1+b-tag".

Looking at the background estimations by ATLAS for the M1 signal region it is easy to see
why the addition of a b-tag is expected to improve the sensitivity to the signal. For 20.3fb−1 at
8 TeV, out of a total of expected 33450 ± 960 background events, 17400 ± 720 come from SM
processes involving Z → νν and 14100± 337 come from the processes involving W → `ν . The
key point is that both of these leading backgrounds are dramatically reduced by the extra b-tag
requirement.

We simulated both signal and background by using MADGRAPH5 [56], PYTHIA6 [57],
FASTJET3 [58, 59] and DELPHES3 [60]. In the fast detector simulation we used the standard
ATLAS detector specification. The PDF set used is the CTEQ6L1, jets are reconstructed using the
anti-kt algorithm [61] with ∆R= 0.4 and MLM matching [62,63] is used throughout the simulation.
Table 1 summarizes the expected leading backgrounds with and without the b-tagging requirement.

In order to reproduce as faithfully as possible the ATLAS situation we used the following
strategy. We generated, fully independently, a large sample of background events and passed them
through the same cuts as those performed by ATLAS in M1. From this analysis, we found the
central values for all the backgrounds to be within 20% of the ATLAS results. This gives us
confidence that the remaining background sample is representative of the physical situation after
the cuts. Since we are only interested in the further improvements in efficiency arising from the
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Background tt̄ Z(→νν) W (→`ν) Dibosons Others Total

M1 (ATLAS [42]) 780±73 17400±720 14100±337 650±99 565±301 33450±960
M1+b-tag 307±57 261±22 144±7 55±17 - 767±64

Table 1: Estimated numbers of background events with 20.3 fb−1 of 8 TeV LHC data. The background is
given as B± δB, B being the central value and δB the 1σ error. The error in the M1 case is simply taken
from ATLAS. For the error in the M1+b-tag region we quote twice the relative error, see [52] for discussion.

b-tagging, we normalize the expected number of events to the ATLAS numbers and only multiply
by the b-tag efficiency we get when passing from M1 to M1+b-tag.

Table 1 conveys the idea of the discriminating power of the b-tag in rejecting invisible Z decays
and leptonic W decays. The two leading backgrounds in [42] are now subleading with respect to
the tt̄ background which, since it contains b-jets, is only mildly affected by the extra cut. The
signal, as will be discussed below, is found to behave in a similar way as the tt̄ background and
thus the overall sensitivity is significantly improved.

Turning now to the signal, we simulated a grid of points with 70 GeV≤ mt̃1 ≤ 250 GeV and
0 GeV≤m

χ̃0
1
≤ 200 GeV in steps of 10 GeV inside the region 10 GeV≤ ∆m≤ 80 GeV. As men-

tioned above, we only considered stop pair production as production mode. For stop masses above
100 GeV we used the NLO+NLL cross sections of ATLAS [64] while for the few points below 100
GeV, we used PROSPINO [65] to determine the main slope and fixed the absolute normalization
with the ATLAS values above 100 GeV.

After imposing the M1 cuts we again found agreement within 20% with ATLAS. We used the
same normalization procedure as for the background, normalizing the number of events before the
b-tag requirement to the ATLAS numbers and using only the b-tag efficiency to obtain the final re-
sults for the signal. The main difference with the previous background simulation is that, due to the
large number of points on the grid and the small efficiencies, we are unable to generate a statistically
significant fully matched sample of events. We thus resort to the following strategy. For each point
we generate two exclusive samples, one containing zero jets at the parton level and one containing
exactly one such jet with pT > 200 GeV. The ratio of the LO cross sections obtained is used to
estimate the efficiency of the pT cut: εpT>200 GeV = σ(pp→ t̃1t̃1 j(pT > 200 GeV))/σ(pp→ t̃1t̃1).
The one-jet unmatched sample is then used throughout the analysis. Checking this procedure on a
limited number of points we found good agreement with the results form the fully matched sample.
The results are presented in Figure 1 (right).

We set limits by excluding points for which the number of events N > 1.96δB. Notice that the
analysis is essentially all driven by systematics and not by statistics. In the left panel of Figure 1
we present, for comparison, the exclusion limits we obtain repeating the M1 analysis of ATLAS
(red exclusion curve). We are able to reproduce their exclusion boundaries fairly accurately, which
validates the analysis on the right. Note that the limits in [42] are broader since they take into
account the signal regions M2 and M3 that become more relevant for large masses. We have tested
imposing the b-tag requirement on those regions as well but the low signal efficiency makes them
not viable, at least for the 20.3fb−1 8 TeV data. In fact, we tested changing the pT and E/ T cuts
within the intervals defined by M1 and M2 and we found that M1 essentially gives the best S/B
ratio within statistical fluctuations. The red curve in the right panel of Figure 1 is our main result. It
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Figure 1: Left: Existing limits in the stop-neutralino mass plane, superimposed with the M1 exclusion curve
as obtained in our analysis and extended to mt̃1 > 100 GeV. Right: The main result from our proposed search
“M1+b-tag", (red solid curve), with the change induced by increasing the background error by 20 % (red
dashed curve). Figure taken from ref. [52].

fully covers the so far unconstrained region exposed in the left panel of Figure 1 and even extends
slightly into the three body region.

With an eye to the upcoming Run-2 of LHC it is worth studying if a search of this type can be
further optimized to cover an even larger region. We already mentioned that the increased energy
and luminosity will allow for stronger cuts and perhaps even studies of different production modes
with lower cross sections. Here we conclude by pointing out that it may be possible also to move
in the opposite direction and relax some of the constraints imposed by the current search. The M1
ATLAS cut flow was heavily relying on the isolation requirement between the jets and the E/ T , ∆φ >

0.4. This is necessary to reduce the QCD jet contamination and E/ T from jet mismeasurements.
The requirement of a b-jet however already dramatically cuts the QCD background and could be
considered an alternative to the former requirement. However, due to the uncertainties involved in
calculating the QCD background with our simulation tools, we refrain from making any estimates
of the potential gain in sensitivity. Nevertheless, we would like to encourage the experimental
collaborations to also consider this possibility.

4. Light stop searches in RPV SUSY

As discussed in the previous sections, the lack of signals of SUSY so far can be due to a
compressed spectrum that leads to final states with low E/ T and soft SM particles. Alternatively,
SUSY can lead to final states that do not contain large E/ T for more structural reasons. The most
interesting such situation arises when the assumption of conservation of R-parity, usually made in
the context of minimal SUSY models, is relaxed. Without R-parity, when extending the SM to a
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Process Constraint

NN→ K+K+ |λ ′′uds|< O(10−5)

n− n̄ |λ ′′udb|< O(10−3)

n− n̄ |λ ′′tds|< O(10−1)

n− n̄ |λ ′′tdb|< O(10−1)

K− K̄ |λ ′′cdbλ ′′csb|< O(10−3)

K− K̄ |λ ′′tdbλ ′′tsb|< O(10−3)

B+→ K0π+ |λ ′′idsλ
′′
idb|< O(10−1)

B−→ φπ− |λ ′′idsλ
′′
isb|< O(10−3)

Table 2: Summary of constraints on the /B couplings λ ′′ for superpartner masses m̃ = 500 GeV [67].

supersymmetric theory, the following superpotential terms arise:

WRPV = µ
′
i LiHu +

1
2

λi jkLiL jEc
k +λ

′
i jkLiQ jdc

k +
1
2

λ
′′
i jkuc

i dc
j d

c
k . (4.1)

The interactions proportional to µ ′,λ ,λ ′ break lepton number L (lRPV), while the one propor-
tional to λ ′′ breaks baryon number B (bRPV). These two classes of interactions cannot be present
together with un-suppressed couplings since they would induce too fast proton decay. Moreover,
lepton number violating (/L) interactions are typically more constrained by collider searches than
baryon number violating (/B) ones, because they usually generate signals with many leptons in the
final state. Weaker constraints instead apply to /B interactions. Couplings involving the first two
generations are subject to strong constraints coming from a number of low energy processes such as
n− n̄ oscillations, di-nucleon decays, K− K̄ mixing. A comprensive summary of these constraints
is given in Refs. [66, 67] and is reported in Table 2. One immediately sees from the table that
the constraints on the λ ′′ couplings involving the third generation quarks are typically very mildly
bound, while very strong bounds constrain the couplings involving the first two generation quarks.
This suggests two things: on one side it makes the search for third generation bRPV squarks (stop
and sbottom squarks) at the LHC particularly interesting. On the other side it suggests that an hier-
archical pattern of λ ′′ couplings is necessary to expect a signal while still respecting the constraints
in Table 2. This is indeed the case in most of the theoretical constructions aimed at explaining the
pattern of bRPV couplings. In particular, several different approaches suggest rather similar hierar-
chical structures for the λ ′′ couplings, like for instance Minimal Flavor Violation (MFV) [68, 69],
Partial Compositeness (PC) [70], unification [67] and dynamical RPV [71]. Most of these frame-
works generally predict λ ′′ couplings of the form

λ
′′
i jk ∝ V CKM

il

(
muimd j mdk

m3
t

)µ

εl jk (4.2)

with µ = 1 (for different constructions with µ < 1 see Ref. [72]). The structure in eq. (4.2) with
µ = 1 in particular implies BR(t̃1→ bd +bs)≈ 99%, which means that bRPV decays of the stop
squark typically contain a b-quark in the final state.

Until recently, bRPV stops were only excluded by LEP and Tevatron searches for two res-
onances in four-jet final states. The most constraining bounds from LEP come from the OPAL
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Collaboration [73] and give

mt̃1 (θt̃ = 0.98)≥ 77 GeV and mt̃1 (θt̃ = 0)≥ 88 GeV , (4.3)

with θt̃ being the stop squark mixing angle, while the CDF Collaboration has set the bound [74]

mt̃1 ≤ 50 GeV∧mt̃1 ≥ 100 GeV , (4.4)

independent of the stop mixing angle.
It should be remarked that hadron collider experiments have difficulties to probe very light

stops, in the case of CDF in fact there is no sensitivity to masses below 50 GeV. This difficulty
arises because of the need to trigger on hard experimental objects, such as jets of hadrons, in such
experiments. For too small stop mass the energy impressed to final states of the decay is simply
not enough to trigger the detectors. However, thanks to the combination with LEP bounds, stop
squarks decaying through bRPV interactions with a mass smaller than 100 GeV are excluded.

Recently, the CMS Collaboration, considering both decays to four jets and to two jets and two
b-quarks has obtained the bounds [49]

mt̃1 ≤ 200 GeV∧mt̃1 ≥ 350 GeV , for BR(t̃1→ j j) = 1 ,
mt̃1 ≤ 200 GeV∧mt̃1 ≥ 385 GeV , for BR(t̃1→ b j) = 1 .

(4.5)

The region of stop masses between 100 GeV and 200 GeV remains the only unconstrained one
below 350 GeV. Also in this case the reason that makes this region particularly challenging ex-
perimentally is related to the minimum trigger requirements that the LHC has to employ to tag
events with four jets. The minimum pT that can be achieved by these triggers is typically bigger
than about 80 to 100 GeV which makes the analyses almost completely insensitive to final states
with less than 400 GeV of invariant mass, and therefore to stop masses below 200 GeV. In the next
section we discuss how the region between 100 and 200 GeV, particularly motivated by naturalness
arguments, could be covered provided events with suitable triggers have been recorded or will be
available in the future.

5. Paired di-jet searches with b-tags

Despite the recent progress from the results of the CMS collaboration, it is discomforting to
find that stops of mass 100 GeV < mt̃1 < 200 GeV are not yet directly excluded. As explained, this
is the result of the too high trigger thresholds under which the experiments must operate to avoid
triggering on the unbearably huge amount of QCD events producing multi-jet final states. This
problem is in fact common to other searches for multi-jet resonances, such as the search for gluino
production and its RPV decay g̃→ j j j for which, in the region around mg̃ ' 140 GeV, resonance
searches have not been able to put a bound 1.

An ideal solution to this lack of sensitivity for light colored matter produced at the LHC would
be to attempt its direct search in low instantaneous luminosity data, as has been done in Ref. [76].

1In this case, however, a bound from pure counting of multi-jet final state events exists [75]. While this bound seems
to exclude cross-section far below the gluino production cross-sections, it is important to obtain an independent bound
from resonance searches, which are less subject to the large uncertainties that affect QCD predictions for pure rates.

9
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This search could exploit low trigger thresholds used in the 2010 LHC 7 TeV run. However the
limited integrated luminosity of just 34 pb−1 was not sufficient to be sensitive to the production
cross-section of stops.

In absence of a plan for a low instantaneous luminosity run of the LHC with low trigger
thresholds, other strategies have been put forwards to attempt the search of light stops. A simple
idea to combat the QCD background and lower trigger thresholds has to do with the presence of
heavy flavors in the decay of stops. Unlike the case of RPC supersymmetry, where the flavor
structure of the CKM mixing matrix guarantees a b-quark in the final state, the flavor of the quarks
into which the stop decays is depending on the unknown RPV couplings. Despite this, it has
been argued that it is very likely that a relation between the SM fermions Yukawa and the bRPV
coupling exists in model that explain dynamically the origin of the RPV couplings. The upshot
of these model building activities [67–72] is that most of the times a stop decays into a final state
with at least one heavy flavor quark t̃1 → b j. For this reason, in the case of RPV stops it seems
particularly motivated to search for traces of heavy flavor quarks in multi-jet final states. This
idea has been pursued in [20] where it was shown that the simple requirement of two b-tags in
the multi-jet final state can reduce the background by 1 or 2 orders of magnitude, depending on
the chosen b-tagging algorithm, with just a mild reduction of the signal rate. The improvement in
signal-over-background rate is particularly evident in the search of lighter stops. However, even for
larger stop masses the advantage persists, as shown by the extended range of stop masses (4.5) that
CMS has excluded.

Ref. [20] shows that the sensitivity to light stops could also be improved employing more
targeted kinematic selections, aimed at preserving as much as possible signals with jets of low
transverse momentum and pairs of low invariant masses.

A first point that has been highlighted is that, when searching for light stops, the partitioning
of the four jets into two pairs, each corresponding to the candidate stop resonance, is best done
using angular correlations of the jets [77], rather than the invariant mass of the candidate stops
resonances. Despite the latter option might seem more intuitive, the use of angular correlations
produces candidate stop mass distributions that are smoother, in particular at low masses. Therefore
the pairing of jets according to angular criteria seems to offer advantages in searching for light
stops.

A second important point made in Ref. [20] is that the shape of the background, hence our
ability to isolate a signal, depends quite sensitively on intra-resonance jets angles. In practice the
jets from each candidate stop resonance tends to be more or less collinear. It is useful to make the
selection

|δηab|+ |δηcd |< δηintrares and |δRab|+ |δRcd |< δRintrares

where ab and cd indicate the two pairs of jets forming the candidate stop resonance and δηintrares

and δRintrares are two values (around 1.5 and 3) to be optimized to smoothen the shape of the
background in the region of candidate stop mass that one wants to probe.

The idea to use the angles between the two jets arising from each stop, and in particular to
require a certain degree of collinearity between them, is highly suggestive of the production of
boosted stop resonances, which might result in hadrons that are merged in single jets by the jet
clustering algorithms. In fact a search strategy for light boosted stops has been proposed in [78],

10
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which finds sensitivity to light stops in the currently not excluded region of stop masses already in
the 8 TeV data-set of the LHC.

As seen in Table 2 and in the related discussion, the RPV couplings are in general expected
to be small. In fact their magnitude is often so small to imply that a particle that can decay only
through RPV couplings might have a detectably long life-time, above 0.1mm/c. In this case the
existence of tracks from non-prompt decays can be used to identify signal events. Despite many
hadronic resonances having non-prompt decays, hence giving rise to a background for non-prompt
RPV stop decays, the presence of non-prompt tracks, and especially of displaced secondary decay
vertexes in the event, can be used to put rather severe bounds on light RPV stops with life-time
between 0.1 mm/c and 100 m/c [79]. Furthermore, since the stops are colored particles, if they
do not decay promptly they will form hadrons. Some of these hadrons will have electric charge
and searches for (meta-)stable charged objects would put bounds on such RPV stop hadrons for
life-times between 1 m/c and 1 Km/c [79].

6. Conclusion

In this contribution we discussed searches for light stop squarks, both in RPC and RPV scenar-
ios. Despite the extensive experimental program to constrain all the allowed regions for light stop
squarks, unconstrained regions still remain, with stop masses around or below the top quark one.
We found that, by using suitable analysis techniques based on exploiting the presence of one or
two b-quarks in the final state, such light stops could be completely covered, already by using the
LHC 8 TeV dataset2. This is expected to have important implications on our idea of naturalness.
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