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Two high-mass, high-multiplicity SUSY searches

2

1-lepton, high ETmiss 

many jets and b-jets
RPV: no ETmiss, 0 + 1 lepton 

many jets and b-jets

CMS-PAS-SUS-16-037 (Moriond '17)
JHEP 08 (2016) 122 (Moriond '16)

Common themes 
• Spectactular final states 
• Key challenge: robust and trustworthy background estimate 
• Use MJ, scalar sum of large-R jet masses, to measure BG in data

CMS-PAS-SUS-16-013 
(ICHEP 2016)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://link.springer.com/article/10.1007/JHEP08(2016)122
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-013/index.html
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Measuring background with MJ
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• Cluster all jets and leptons into 
anti-kT jets with R=1.2, 1.4
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Figure 2: Distribution of MJ shapes clustered with R=1.2 (left) and R=1.4 (right) for tt after
requiring one recontruscted lepton, HT > 500 GeV, Emiss

T > 200 GeV, and six or more jets, one
of which must be b-tagged. Note that with the larger radius the MJ distributions are shifted
to higher values, especially for the compressed model point. In particular, the compressed
point efficiency for a cut of MJ > 400 GeV increases from 40%-65%, while for tt the efficiency
increases 10%.

cm) along (perpendicular to) the beam axis. Under the conditions described in Section 6, an187

event is vetoed if it contains both a lepton and a veto track satisfying these criteria.188

We cluster R = 0.4 (“small-R”) jets and the isolated leptons into R = 1.4 (“large-R”) jets using189

the anti-kT algorithm. This quantity was increased slightly from the value of R = 1.2, which190

was used in Ref. [11]. The larger value improves the sensitivity of the analysis to SUSY models191

with compressed mass spectra. The mass of the large-R jets retains angular information about192

the clustered objects, as well as their pT and multiplicity. Clustering small-R jets instead of193

PF candidates incorporates the jet pileup corrections, thereby reducing the dependence of the194

mass on pileup. The variable MJ is defined as the sum of all large-R jet masses:195

MJ= Â
Ji=large-R jets

m(Ji). (3)

The technique of clustering small-R jets into large-R jets has been used previously by ATLAS196

in, for example, Ref. [39]. Leptons are included in the large-R jets to include the full kinematics197

of the event, and the choice R = 1.4 optimizes the background rejection power of MJ while198

retaining signal efficiency.Larger distance parameters were found to offer no significant addi-199

tional discriminating power, while smaller parameters decrease the background rejection up to200

a factor of two for models with small mass splittings between the gluino and neutralino.201

For tt events with a small contribution from initial-state radiation (ISR), the MJ distribution has202

an approximate cutoff at twice the mass of the top quark, as shown in Fig. 4 (left). In contrast,203

the MJ distribution for signal events extends to larger values. The presence of a significant204

amount of ISR generates a high-MJ tail in the tt background, as shown in Fig. 4 (right).205

The missing transverse energy, Emiss
T , is given by the magnitude of ~pmiss

T , the negative vector206

sum of the transverse momenta of all PF candidates [28, 29]. Correspondence to the true un-207

detectable energy in the event is improved by replacing the contribution of the PF candidates208
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MJ shape comparisons in data
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Results
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RPV gluino search in Nb

• Focus on Nb distribution, 0 and 1 lepton (no ETmiss)
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Backup
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Yields in 1-lepton + ETmiss search
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Table 1: Observed event yields and mean background yields from the predictive fit in the 18
bins of the signal region R4. The uncertainties in k include (in order) both a statistical compo-
nent from the size of the MC samples and a systematic component assessed from data control
samples. The uncertainty in the predicted event yield includes both these and the statistical un-
certainties associated with the control regions in the data. Also shown are the expected signal
yields for two SUSY benchmark models.

T1tttt T1tttt
Bin in R4 (1800,100) (1400,1000) k Pred. Obs.

200 GeV < pmiss
T  350 GeV

6  Njets  8, Nb = 1 0.4 1.9 1.2 ± 0.0 ± 0.2 84.6 ± 14.3 106
6  Njets  8, Nb = 2 0.6 3.0 1.2 ± 0.0 ± 0.2 55.1 ± 9.3 75
6  Njets  8, Nb � 3 0.6 2.2 1.5 ± 0.1 ± 0.2 16.4 ± 3.0 16
Njets � 9, Nb = 1 0.2 1.6 1.0 ± 0.1 ± 0.2 6.5 ± 1.5 11
Njets � 9, Nb = 2 0.3 2.1 1.2 ± 0.1 ± 0.3 7.6 ± 1.9 11
Njets � 9, Nb � 3 0.4 3.1 1.4 ± 0.1 ± 0.3 2.3 ± 0.7 2

350 GeV < pmiss
T  500 GeV

6  Njets  8, Nb = 1 0.7 1.1 1.0 ± 0.1 ± 0.3 17.4 ± 6.6 25
6  Njets  8, Nb = 2 0.9 1.3 1.1 ± 0.1 ± 0.4 13.7 ± 5.3 10
6  Njets  8, Nb � 3 0.8 0.9 1.3 ± 0.1 ± 0.4 3.8 ± 1.6 1
Njets � 9, Nb = 1 0.3 1.0 1.1 ± 0.1 ± 0.4 1.3 ± 0.6 2
Njets � 9, Nb = 2 0.5 1.1 0.8 ± 0.1 ± 0.3 1.6 ± 0.8 2
Njets � 9, Nb � 3 0.7 2.1 1.2 ± 0.2 ± 0.4 0.6 ± 0.4 0

pmiss
T > 500 GeV

6  Njets  8, Nb = 1 2.5 0.6 1.0 ± 0.1 ± 0.3 1.9 ± 1.5 8
6  Njets  8, Nb = 2 3.6 1.0 1.0 ± 0.1 ± 0.3 0.9 ± 0.7 4
6  Njets  8, Nb � 3 3.2 0.4 1.5 ± 0.3 ± 0.5 0.4 ± 0.4 1
Njets � 9, Nb = 1 1.0 0.7 1.0 ± 0.3 ± 0.4 0.2 ± 0.2 2
Njets � 9, Nb = 2 1.8 1.2 1.0 ± 0.3 ± 0.3 0.1 ± 0.1 0
Njets � 9, Nb � 3 2.3 1.7 3.1 ± 1.0 ± 1.1 0.1 ± 0.1 0
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MJ-mT independence
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MJ shapes with and without ISR
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