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1 Introduction
Supersymmetry (SUSY) is an attractive extension of the standard model (SM) because SUSY
can solve the hierarchy problem and ensure gauge coupling unification [1, 2]. The majority of
searches for SUSY focus on R-parity-conserving (RPC) models. The R-parity of a particle is
defined by R = (−1)3B+L+2s, where B and L are its baryon and lepton numbers respectively,
and s is the particle spin [3]. In RPC SUSY, the lightest superpartner (LSP) is stable, which
ensures proton stability and provides a dark-matter candidate. All SM particle fields have
R = +1; all superpartner fields have R = −1.

Supersymmetric models with R-parity-violating (RPV) interactions violate either B or L [4, 5].
The superpotential WRPV includes a bilinear term proportional to the coupling µ′i and three
trilinear terms parameterized by the couplings λijk, λ′ijk, and λ′′ijk:

WRPV =
1
2

λijkLiLjEk + λ′ijkLiQjDk +
1
2

λ′′ijkUiDjDk + µ′i HuLi, (1)

where i, j, and k are generation indices; L, Q and Hu are the lepton, quark and up-type Higgs
SU(2)L doublet superfields; and E, D, and U are the charged lepton, down-type quark and up-
type quark SU(2)L singlet superfields. The third term violates baryon number conservation,
while the first two terms violate lepton number conservation. The final term, involving the
lepton and up-type Higgs doublets, is also allowed in the superpotential but the effects of this
term are not considered in this analysis.

Experimental bounds on hadronic, semileptonic and leptonic R-parity-violating couplings are
highly orthogonal due to the strong constraint on their magnitude from nucleon stability mea-
surements. For example, for squark masses of 1 TeV, the absence of any observation of pro-
ton decay results in the constraint |λ′ijkλ?

i′ j′k′ | < O(10−9) for all generation indices [6]. Much
stronger constraints are possible for couplings involving light generations, and similar con-
straints exist for products of other R-parity-violating couplings.

A subset of RPV scenarios focus on the R-parity-violating extension of the minimal super-
symmetric model (MSSM) when the assumption of minimal flavor violation (MFV) is im-
posed [7, 8]. Under this assumption, the only sources of R-parity violation are the SM Yukawa
couplings, and the R-parity-violating couplings are related to the components of the Cabibbo-
Kobayashi-Maskawa matrix and the fermion masses.

In RPV models the LSP is unstable, and consequently other SUSY search techniques that em-
phasize the missing transverse energy (Emiss

T ) may no longer be appropriate. Instead, we have
developed alternate methods to search for various types of RPV decays. To search for hadronic
RPV, which arises when any of the λ′′ijk are non-zero, we search in events with zero leptons us-
ing the jet and b-tagged jet multiplicities of the event. In this note, the LSP is assumed to decay
promptly.

Searches for multijet resonances, a prominent signal when hadronic RPV is present, have been
performed by CDF [9], ATLAS [10], and CMS [11–13]. The ATLAS experiment has performed
an inclusive hadronic search with a requirement of high jet multiplicity [14]. Searches for RPV
interactions in multilepton final states have been carried out at LEP [15–17], the Tevatron [18,
19], at HERA [20, 21], and at the Large Hadron Collider (LHC) [22–27].

In this note, we interpret the results of an all-hadronic search in a model of RPV supersymmetry
in which λ′′323 6= 0. This coupling is expected to be the largest R-parity-violating coupling in
certain MFV scenarios [8]. The dataset we used corresponds to 19.5−1 fb, which was recorded
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in 2012 by the CMS detector at the LHC in proton-proton collisions at a center-of-mass energy
of 8 TeV.

The paper is organized as follows. Section 2 presents an overview of the CMS detector, and
section 3 describes the event selection. A description of simulated signal and background sam-
ples is given in section 4. The limit-setting procedure as well as the treatment of signal samples
is described in section 5. Section 6 details a search for hadronic RPV in a zero-lepton final state.
We then summarize the conclusions of this paper.

2 CMS Detector
A detailed description of the Compact Muon Solenoid detector, together with a definition of the
coordinate system used, can be found in Ref. [28]. The central feature of the CMS apparatus is
a superconducting solenoid with an internal diameter of 6 m, which generates a 3.8 T uniform
magnetic field along the axis of the LHC beams. A silicon pixel and strip tracker, a crystal
electromagnetic calorimeter (ECAL) and a brass/scintillator hadron calorimeter (HCAL) are
located within the magnet. Muons are identified and measured in gas-based detectors embed-
ded in the outer steel magnetic flux return yoke of the solenoid. In addition to the barrel and
endcap detectors, CMS has extensive forward calorimetry. The inner tracker measures charged
particles within the pseudorapidity range |η| < 2.5.

3 Object Selections
Electrons and muons are reconstructed using the tracker, calorimeter, and muon systems. De-
tails of the reconstruction and identification for electrons and muons can be found in Ref. [29]
and Ref. [30], respectively. We veto events in which at least one isolated electron or muon has
transverse momentum of pT > 10 GeV and |η| < 2.4.

To ensure that electrons and muon candidates are isolated, we use a particle-flow (PF) algo-
rithm [31, 32] to identify the source of transverse energy deposits in the trackers and calorime-
ters. We then calculate ET,cone, defined as the sum of transverse energy deposits that are within
a cone of radius ∆R ≡

√
(∆η)2 + (∆φ)2 = 0.3 around the candidate, excluding the candidate

itself. We remove energy from additional simultaneous proton-proton collisions by subtracting
a per-event correction [29, 33]. Finally, we divide ET,cone by the lepton pT to find the relative
isolation Irel = ET,cone/pT, which is required to be less than 0.15.

We reconstruct jets from PF candidates [33] using the anti-kT algorithm [34] with a distance
parameter of 0.5. Jets are required to have |η| < 2.5 and pT > 50 GeV and be at least ∆R > 0.3
away from any isolated electron or muon candidate. Jet four-momenta are varied using pT
and η-dependent correction factors [35] to account for the uncertainty in the jet energy scale
measurement. The uncertainty in the jet energy resolution is accounted for using pT and η-
dependent data-to-simulation resolution ratios based on the difference between reconstructed
and matched generator jet pT.

To determine if the jet originated from a bottom quark, we use the combined secondary-vertex
(CSV) algorithm, which calculates a likelihood discriminant from the track impact parameter
and secondary-vertex information [36]. Jets are identified as arising from b-quarks using the
combined secondary vertex algorithm with the tight selection (CSV > 0.898), corresponding
to an average efficiency of 50% for jets arising from b quarks and a false tag rate of 0.1% for
light quarks. Scale factors, depending on pT and |η|, are measured in data control samples of tt
and µ+jets events and are used to correct the tagging efficiencies obtained from simulation. A
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weight is applied to the response of the b-tagging algorithm for each jet that is matched to a b
quark. A similar procedure is applied to model the mistag probability for jets originating from
light quarks (u,d,s), c quarks, and gluons.

The b-, c-, and light-flavor quark-tagging efficiencies are varied separately within their sta-
tistical uncertainties, and data-to-simulation scale factors are applied and varied within the
measured uncertainties [36, 37]. The b and c quark scale factors are treated as correlated, and
the light flavor scale factors are treated as uncorrelated with the heavy flavor scale factors.

4 Simulation
Monte Carlo (MC) simulations are used to estimate some of the SM backgrounds and to un-
derstand the efficiency and acceptance of the signal model. The SM background samples are
generated using MADGRAPH [38] with parton showering and fragmentation modeled using
PYTHIA (version 6.420) [39] and passed through a GEANT4-based [40] representation of the
CMS detector. Signal samples [41] are generated with MADGRAPH and PYTHIA and passed
through the CMS fast-simulation package [42]. The CTEQ6L1 [43] set of parton distribution
functions (PDFs) is used throughout. Cross sections for SUSY signal processes, calculated at
next-to-leading-order (NLO) with next-to-leading-log (NLL) resummation, are taken from the
LHC SUSY cross sections working group [44–48]. In these calculations, all sparticles except
those directly produced are assumed to be decoupled. Background yields, when taken from
simulation, are normalized to NLO or next-to-next-to-leading-order (NNLO) cross sections,
when available.

5 Procedures for signal samples and limits
This analysis is interpreted in the simplified model scenario (SMS) framework of SUSY [49–
51]. In these interpretations, sparticles not explicitly considered are assumed have very large
masses so that their effect is negligible. However, the masses of intermediate states are assumed
to be small enough that all sparticles decay promptly.

The uncertainty on the knowledge of the parton density functions is obtained applying the pre-
scription of the PDF4LHC working group [52]. Most of the signal samples used in this paper
are generated with a fast parameterized MC. Corrections for the ratio of b-tagging efficiencies
and light-flavor mistag rates between fast and full simulation are applied as a function of pT
and |η|. Finally, the uncertainty on the modeling of final- and initial-state radiation was ob-
tained from the discrepancies between data and simulation observed in the pT distributions of
Z+jets, dibosons+jets and tt+jets events as a function of the pT of the recoiling system [53].

Limits are calculated from the LHC-style CLs [54, 55] ratio of test statistics, using the formalism
developed by the CMS and ATLAS collaborations in the context of the LHC Higgs Combina-
tion Group [56]. For each cross section σ under test, the likelihood is profiled with respect
to nuisance parameters; that is, nuisance parameters are treated as fit parameters subject to
external constraints on their magnitude and distribution. We find the one-sided p-value of
the observed data in the signal-plus-background hypothesis, denoted pσ. This is the fraction
of pseudo-experiments with λmod

p (σ) less than the value measured in data. We also generate
pseudo-experiments with the signal cross section set to zero to construct the distribution of
λmod

p (σ), where σ is the tested cross section value. From these pseudo-experiments we obtain
the distribution of the test statistic in the background-only hypothesis, and from this distribu-
tion we obtain the p-value of data in the background-only hypothesis, denoted p0. Then CLs is
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Figure 1: Feynman diagram for pair production of gluinos decaying to tbs.

defined as pσ/(1− p0). If CLs < 0.05, we reject that σ at 95% confidence level (CL). The largest
cross section not rejected corresponds to the the CLs upper limit.

6 Fully hadronic final state
Many signatures for new physics beyond the standard model result in long decay chains that
produce high multiplicity final states. However, most searches for SUSY involve either leptonic
final states or missing transverse momentum. Fully hadronic final states that do not result in
missing transverse momentum have been explored less thoroughly, and large discrepancies
with respect to the standard model could still be present in the data. This section presents a
search in a high multiplicity, fully hadronic final state with no missing transverse momentum
requirement. The multiplicity of b-tagged jets is used as a discriminating variable.

Results are interpreted in terms of a model in which pair-produced gluinos each decay via
g̃→ tbs, which is allowed when λ′′332 6= 0 so that an antitop squark couples directly to the final
state b and s quarks. The top squark is assumed to be heavier than the gluino, resulting in the
three-body decay of the gluino shown in Fig. 1. All sparticles other than the top squark and
the gluino are considered to be decoupled. The top squark mass and λ′′332 are assumed to take
values such that the gluino decays promptly. Because the coupling λ′′332 involves heavy quarks,
it is relatively unconstrained by measurements of nucleon stability or neutrino masses.

We proceed as follows. We bin the data in the jet multiplicity Njet, and the scalar sum of the
transverse momenta of the jets, HT. In each (Njet, HT) bin we fit the distribution of the mul-
tiplicity of b-tagged jets (Nb) with a probability distribution function comprising a sum of SM
and signal components. The sample includes bins that would be free of any signal, used to
facilitate the background estimation. The component fit functions are derived from simulation,
after corrections based on data where needed. Specifically, the analysis is performed in ten bins
of Njet and HT. The HT bins are 1.0 < HT < 1.75 TeV and HT > 1.75 TeV. and the Njet bins are
4, 5, 6, 7, and ≥ 8. Though the signal has at least ten jets, a looser selection for the highest Njet
bin is necessary in order to obtain a non-zero prediction in the Nb ≥ 3 signal region. The low
Njet bins (4–6) are used for validation and control samples, while the Njet ≥ 8 bin is the most
sensitive signal bin. The contribution of signal to the Njet = 4− 5 bins is negligible, and these
bins are therefore not included in the fit made to extract the signal.

6.1 Event Selection

Events are selected online via a requirement on HT that varied between 650 and 750 GeV over
the course of the data-taking run.
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Substantial background suppression is achieved through the application of multiplicity re-
quirements on the jets reconstructed in the event, together with pT threshold requirements.
Specifically, we require four jets with pT >50 GeV, where at least one jet must additionally sat-
isfy pT >150 GeV. The offline HT of the event, calculated with these jets, is required to be greater
than 1.0 TeV. With these selections, the trigger efficiency, measured with prescaled triggers that
have lower HT requirements, is consistent with 100%.

To minimize the contribution of light jet fakes, a tight selection is used to identify jets as arising
from b-quarks. At least two such b-tagged jets are required.

Events are required to have no isolated muons or electrons with pT > 10 GeV. This requirement
renders backgrounds due to feed-down from leptonic final states essentially negligible.

6.2 Determination of SM background

As the dominant background in this analysis arises from multijet events (QCD), the modeling
of the QCD component is crucial. We proceed by deriving corrections from data to the sim-
ulated QCD background to predict the distribution of the number of b-tagged jets. There are
three main concerns: the modeling of the Njet and HT distributions, of the flavor composition,
and of the b-quark production mechanisms.

The uncertainty in the predicted yield of QCD events arising from the QCD multijet cross sec-
tion uncertainty is avoided by binning the sample in Njet and HT. The QCD yield is then
determined from a fit to data in each (Njet, HT) bin with the aid of a third variable, Nb. After
normalizing the QCD yield to data in HT and Njet bins, we require only small corrections to the
Nb spectrum.

The choice of a tight b-tagging selection significantly reduces the effect of falsely tagged light
jets, and its uncertainty. The flavor composition of the simulated QCD samples is corrected us-
ing b-tag efficiency scale factors, with an additional constraint based on a fit of the distribution
of the CSV discriminant in a QCD-dominated low Njet sideband (Sect. 6.2.1).

The primary source of uncertainty in the yield of b-tagged jets from true b quarks arises from
gluon splitting: g → bb. Discrepancies between data and MC arise primarily in the region of
low ∆Rbb, with ∆Rbb taken between the two b-tagged jets [57], where gluon splitting is impor-
tant. We use the high ∆Rbb region as a normalization sample to determine a gluon splitting
systematic uncertainty from the low ∆Rbb region (Sect. 6.2.2).

With this procedure, we obtain a data-driven estimation of the QCD background in the vari-
ables Njet, HT, and Nb.

6.2.1 Flavor composition correction

To ensure that the QCD MC has the appropriate flavor composition, events are reweighted to
match the flavor composition seen in data. The coefficients used in the reweighting procedure
are derived from a fit to the distribution of the CSV discriminant in a subset of the region of
CSV discriminant selected by the b-tagging requirement of this analysis, CSV > 0.9.

The fit of the distribution of the CSV discriminant is performed, including the statistical uncer-
tainty on the MC prediction as nuisance parameters in the fit via the Barlow-Beeston method [58].
To exclude a potential bias from signal contamination, only events with four or five recon-
structed jets are included in this fit. Additionally, to avoid bias due to the large weights aris-
ing from the low equivalent luminosity of the simulated QCD samples with low HT, the HT
requirement is increased slightly to HT > 1.1 TeV; it has been verified that the flavor compo-
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Figure 2: Fit to the CSV distribution in data for 4 ≤ Njet ≤ 5, HT > 1.1 TeV and CSV > 0.9.
Error bars indicate the statistical uncertainty arising from MC statistics.

sition corrections are statistically identical for requirements of 1.0 or 1.1 TeV. First, the overall
QCD contribution is normalized to the data yield minus the expected non-QCD yield. Next,
reconstructed jets are matched to the corresponding MC jet, and templates for the CSV discrim-
inant are formed for each flavor. Then the relative normalization of templates corresponding to
truth-matched bottom and charm jets are allowed to vary in the fit. The small contributions of
non-QCD events (mainly tt) and light flavor QCD jets are fixed in the fit, though the uncertainty
on the light flavor fraction is considered as a systematic uncertainty.

The fractions of bottom, charm and light flavor jets prior to the fit are fb, fc, and flight, respec-
tively. The fit provides new fractions f ′i defined as

f ′i =
ni

nb + nc + nlight + nnon−QCD
(2)

where nb and nc are the fitted yields of bottom and charm jets, respectively; nlight and nnon−QCD
are the fixed light quark and non-QCD yields. The index i refers to one of the contributions in
the denominator. The fitted f ′i are listed in Table 1 and the fit of the CSV distribution is shown
in Fig. 2. The fit quality is good, with χ2/ndof=7.0/6, providing confidence in the modeling of
the CSV distributions.

For each event, a weight is assigned based on the flavor fractions

wevent = ∏
b−jet

wb−jet(flavor) (3)

where wb−jet = f ′flavor/ fflavor is a per-jet weight. This form of the per-event reweighting is
motivated by treating the corrections as independent corrections to the per-jet efficiency.

Though the fit models the data well, the good agreement between the model and the data could
occur if mismodeled distributions accidentally have a linear combination that is consistent with
the data. To eliminate this possibility, fits are performed with variations of the fit range. Even
with an extreme variation in which the most sensitive region of the fit (CSV > 0.98) is removed,
the fit results are still consistent with the nominal fit. There is no evidence for any systematic
effect.
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As an additional cross-check, the fit is iterated: after the simulated events have been reweighted,
the reweighted templates are fit to the data again. All three of the resulting weights are consis-
tent with 1.0, to within 1σ, as shown in Table 1.

Table 1: Reweighting fractions fb,c,light derived from the fit of the low Njet control region before
and after reweighting the QCD MC.

Flavor Before reweighting After reweighting
b 0.94± 0.03 1.02± 0.03
c 1.99± 0.43 0.84± 0.18
light fixed to 1.0 fixed to 1.0

It is important that the weights derived in this fit of the Njet = 4− 5 sideband are applicable
to the Njet ≥ 6 signal regions. This has been verified in two ways. First, the weights have
been applied to the signal-depleted Njet = 6 region. The corrected predictions show good
agreement with the data, as seen in Fig. 3. Second, as the expected signal yield is extremely
small compared to the background in the region defined by HT > 1.1 TeV, Nb ≥ 2, and Njet ≥ 6,
the CSV distribution can be fit directly in this region. The reweighting parameters resulting
from this fit are all within 1σ of those from the low-Njet sideband. The fit of the high Njet region
is not used in the reweighting procedure due to the poorer statistical uncertainty it provides
on the derived weights as well as due to the small but unknown potential bias due to signal
contamination.

6.2.2 Gluon-splitting systematic uncertainty

Jets containing b quarks are produced in three different ways: pair production (qq → bb),
flavor excitation (bq → bq and charge conjugate), and gluon splitting (g → bb). The first
two processes are important primarily in the initial hard scatter, and the second is suppressed
due to the small intrinsic b-quark content of the proton. Pair production is known to be well-
modeled by MADGRAPH MC, but the rate of gluon splitting is known to be off by up to about
a factor of two [57], necessitating a data-driven systematic uncertainty.

The different b-quark production mechanisms result in different angular distributions between
the two produced b-quarks. The gluon splitting correction is determined using the ∆Rbb distri-
bution, where ∆Rbb is computed between any two b-tagged jets in the event. This distribution,
shown in Fig. 4, is normalized in the high ∆Rbb region, ∆Rbb ≥ 2.4. The difference between
data and MC in ∆Rbb ≤ 1.6 is assumed to arise entirely from gluon splitting to bb pairs.

A contribution of truth-matched gluon splitting events, normalized to the data-MC difference
in the yield in the low ∆Rbb region, is added to the QCD prediction. The QCD histograms that
are input to the systematic variation templates in the fit are determined by normalizing the
QCD contribution to its LO cross section, then multiplying by the normalization determined in
the high ∆R region, and then adding the gluon splitting contribution. The final normalization
of the QCD background is determined in the fit. The constraint on the modeling of gluon
splitting at low ∆Rbb is used as uncertainty rather than a correction because in the large Njet
regions statistical fluctations at low ∆Rbb are larger than the effect that it would correct.

6.2.3 Hadronic decays of electroweak bosons

Though the background to this analysis is dominated by QCD and tt decays, hadronic W and
Z bosons decays can contribute as well. These backgrounds are very small, but it is necessary
to take them into account as they can be enriched in heavy flavor (either due to W → cs or
Z → bb). To predict the background due to hadronic decays of W and Z bosons, hadronic
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Figure 3: Data (dots with error bars) and the corrected prediction of the Nb distribution are
shown. The shaded band shows the MC statistical uncertainty. The top (bottom) row shows
data in which events are required to have 1000 < HT < 1750 GeV (HT > 1750 GeV). The jet
multiplicity requirements are Njet = 4 (left), Njet = 5 (middle), and Njet = 6 (right).

decays are emulated with simulated data samples in which the W boson or Z boson decays
leptonically, treating the leptons in the boson decays as quarks. In both cases, if a lepton is
within the jet acceptance (pT > 50 GeV and |η| < 2.4) and is separated by more than ∆R = 0.5
from other jets, it is treated as a quark and added to Njet and HT. The quark is considered to be a
b-tagged quark according to the probability provided by the b-tag efficiency parameterization.
If the emulated candidate passes this accept-reject procedure, it is considered a b-tagged jet and
Nb is incremented as well.

The total background due to hadronic W and Z decays are each less than 1% in all signal
regions.

6.3 Systematic uncertainties

Systematic uncertainties due to the modeling of QCD background constitute an important part
of the total uncertainty. The uncertainty due to the gluon splitting is modeled by consider-
ing fits in which the gluon splitting rate determined from the low ∆Rbb region is used as a
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gluon splitting events scaled to the data-MC difference in ∆R < 1.6 (histogram) in a typical
signal region corresponding to HT > 1750 GeV and Njet = 6.

correction.

As tt is a sub-dominant background, the effect of its uncertainties are generally small. The tune
of the underlying event, as well as variations of the renormalization, factorization, and match-
ing scales are considered. Also, the inclusive tt production cross section is varied according to
its NNLO+NNLL uncertainty [59]. The top quark pT spectrum is reweighted to agree with its
NNLO prediction and with the data.

The cross-sections of sub-leading backgrounds are varied by 50 percent, and the luminosity is
varied according to its uncertainty of 2.6%.

Since the trigger efficiency is consistent with 100% no uncertainty is assigned for trigger effi-
ciency.

The QCD MC is affected by large statistical uncertainties, which are taken into account by vari-
ations in which a single bin of each (Njet, HT) histogram is varied according to its statistical
uncertainty. The largest systematic uncertainty in most Nb bins is due to the statistical uncer-
tainty on the templates from the small equivalent luminosity of the QCD MC samples.

Systematic uncertainties are summarized in Table 2.

6.4 Control sample fit

Signal-depleted control regions at low Njet (Njet =4, 5, and 6) are studied before examining the
signal region. For low jet multiplicities, tt backgrounds are less important, giving a largely pure
sample of QCD.

A binned maximum likelihood fit is performed in which systematic uncertainties are pro-
filed. Systematic uncertainties are included as shape uncertainties by interpolating between
histograms corresponding to ±1σ variations. As the HT and Njet dependence of the QCD con-
tribution may not be modeled well by leading-order QCD MC, a separate normalization of the
QCD contributions is allowed in each bin of HT and Njet. The likelihood used in the fit of the
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Table 2: Systematic uncertainties, in percent. The entries in the table are formated as Njet =
6/Njet = 7/Njet ≥ 8.

Systematic 1.0 < HT < 1.75 TeV HT > 1.75 TeV
Nb = 2 Nb = 3 Nb ≥ 4 Nb = 2 Nb ≥ 3

b,c jet b-tag SF 0.24/0.24/0.32 4/3.4/2.9 3.7/5.6/5.9 0.56/0.26/0.32 12/6.3/4.6
u,d,s jet b-tag SF 0.05/0.028/0.0079 0.48/0.38/0.073 14/0.81/0.12 0.011/0.005/0.034 0.23/0.12/0.49
Tune (tt) 0.09/0.027/0.18 1.5/0.58/2.6 1.4/2.9/8.8 0.085/0.48/0.81 1.8/12/12
Matching (tt) 0.078/0.11/0.39 0.81/2.5/3.5 20/14/7 0.071/1.5/2.4 1.5/36/35
Scale (tt) 0.025/0.43/0.97 0.58/5.9/9.9 4.8/12/2.9 0.44/1.1/2.2 9.3/26/32
pT (tt) 0.073/0.17/0.38 1.2/2.5/3.5 1.9/1.8/7 0.03/0.023/0.013 0.63/0.55/0.19
ttbb yield 0.19/0.47/1.5 3.1/6.6/13 3.9/10/29 0.19/0.016/0.66 4.1/0.4/9.4
σ (tt) 0.00052/0.0048/0.014 0.01/0.046/0.12 0.031/0.47/0.27 0.0045/0.0032/0.03 0.094/0.077/0.44
σ minor bkg. 0.015/0.041/0.13 0.27/0.61/1.2 0.41/0.21/1.5 0.019/0.042/0.0043 0.41/1/0.062
Jet pT scale 0.47/0.45/0.94 7.3/7/9.6 28/2.9/2.5 0.31/0.31/0.66 6.6/7.5/9.4
Jet resolution 0.39/0.095/0.69 6.5/2.1/5.3 10/11/25 0.042/0.19/0.44 0.88/4.6/6.4
Gluon splitting 0.15/1.1/0.27 2.3/16/2.8 10/0.42/0.88 0.34/0.13/0.11 7.2/3/1.5
b-jet reweighting stat. 0.0021/0.023/0.027 0.11/0.12/0.56 2.5/4.1/3.7 0.21/0.24/0.19 4.5/5.8/2.7
c-jet reweighting stat. 0.053/0.0072/0.21 0.99/0.39/2.5 1.8/5/3.5 0.3/0.28/0.34 6.3/6.8/4.8
Pileup 0.15/0.53/0.17 2.4/8.4/1.6 8.8/6.4/1.9 0.28/0.56/0.056 5.9/14/0.81
Total (excl. QCD MC stat.) 0.73/1.5/2.3 12/22/21 41/26/41 0.99/2.1/3.6 21/50/51
QCD MC statistics 2.5/3.7/5.6 11/14/14 77/54/35 9/10/13 42/37/43
Statistical 1.7/2.5/4 6.9/9.9/13 41/42/47 11/14/18 49/70/68

signal and control regions is

Nnorm

 ∏
i∈HT bins

∏
j∈Njet bins

(
Poisson(Nij|µsignalνij,signal + µij,QCDνij,QCD + νij,other

) ∏
k∈syst

P(Nij|θk)

(4)

Here µsignal and µij,QCD are HT and Njet-dependent normalization constants. The QCD and non-
QCD backgrounds are relative to nominal values specified by νij,QCD and νij,other, respectively.
The control sample fit is based on the data and MC shown in Fig. 3. In this fit, the product over
Njet bins is restricted to Njet =4, 5, 6, and the signal yields are fixed to zero.

All of the nuisance parameters are consistent within±1σ of their pre-fit uncertainties, except for
a 1.4σ discrepancy in the light jet fraction nuisance parameter, which is however a subdominant
uncertainty in the high Njet signal region.

6.5 Signal efficiency and systematics

Several of the systematic uncertainties affecting the signal yield are evaluated in the same way
as the background yield. These are the jet pT scale, the heavy flavor b-tag scale factors and the
light flavor b-tag scale factors.

The signal samples are generated with a fast parameterized simulation. The efficiency after all
selections is shown in Fig. 6 (left) and achieves a maximum value of 22% for mgluino = 1 TeV.
Nuisance parameters corresponding to ±1σ variations on the uncertainty of these corrections
for bottom jets, charm jets, and light-flavor jets are considered separately and assumed to be
mutually uncorrelated.

PDF uncertainties are evaluated according to the PDF4LHC recommendation [52].

In all signal regions the PDF uncertainty dominates the overall uncertainty on the acceptance
times efficiency and reaches up to 32% in the signal region with HT > 1.75 and Njet ≥ 8.
All signal systematic uncertainties are modeled as templates, with the exception of the PDF
uncertainty, which is modeled as a lognormal constraint for each (Njet, HT) bin.
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Figure 5: Data (dots with error bars) and the corrected prediction of the Nb distribution in the
high Njet signal region. The shaded band shows the MC statistical uncertainty. The top (bottom)
row shows data in which events are required to have 1000 < HT < 1750 GeV (HT > 1750 GeV).
The jet multiplicity requirements are Njet = 7 (left) and Njet ≥ 8 (right).

6.6 Results and interpretation

The likelihood used in the fit of the signal region is that given by Eq. 4, with the Njet product
spanning Njet = 6, 7, 8, and with µsignal left free. Figure 5 shows a comparison of the data
with the corrected MC, where the QCD component has been scaled to the data yield minus the
non-QCD background yields obtained from MC.

At each gluino mass, the best fit is zero events. Figure 6 (right) shows the expected and ob-
served limits compared to the gluino pair production cross section.

In conclusion, the data in the signal regions are well described by the background predictions.
The results are interpreted in terms of a specific model of R-parity-violating supersymmetry in
which gluinos are pair produced and each gluino decays promptly via g̃ → tbs. Cross section
limits are calculated and result in a 95% CL lower limit on the gluino mass of 0.98 TeV within
this simplified model.
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Figure 6: Signal efficiencies as a function of mg̃ for Nb ≥ 2, HT > 1.0 TeV, and Njet ≥ 6, together
with the breakdown among Njet bins (left). Expected and observed limits in the all-hadronic
g̃→ tbs analysis. The red band is the gluino pair production cross section (right).

7 Summary
This paper explores a fully hadronic final state in which R-parity-violating supersymmetry
could appear. In 19.3− 19.5 fb−1 of CMS data collected in 2012 at

√
s=8 TeV, we find no dis-

crepancies relative to standard-model expectations. In a model that explores the consequences
of minimal flavor violation, we use the b-tagged and total jet multiplicity distributions to set
limits on the mass of a gluino that decays via λ′′332 to a top, bottom, and strange quark. We
exclude gluinos with masses less than 0.98 TeV at 95% CL.
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