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1. Introduction

After the discovery of the Higgs Boson [1, 2], one of the most pressing questions to address at
the LHC is what mechanism suppresses the quantum divergences that would appear as corrections
to the Higgs mass. A natural solution to this hierarchy problem has justifiably become a key focus
of studies at the LHC. We present here the results from two such searches at the Compact Muon
Solinoid (CMS) [3] experiment. In each, multiple bottom (b) quarks are considered for final states
resulting from the decay products of third generation squarks. First, a search in single lepton (elec-
tron or muon) events is presented, followed by a search in events with two same-charge leptons.
In both searches the results are consistent with the expectations from standard model backgrounds
and limits are set on a variety of new physics models, including natural supersymmetric scenarios.

2. Single lepton search

A search for physics beyond the standard model is performed in events with large hadronic
activity defined by the sum of the transverse momentum of hadronic jets in the event (HT), trans-
verse missing energy, and one isolated electron or muon [4]. The search is motivated by models
of new physics, including supersymmetry, that involve strong production processes and cascade
decays producing many jets and missing momentum from unobserved weakly interacting particles.
At least one of the jets is required to be tagged as from a bottom quark.

Two independent methods are used to search for new physics and to estimate the size of the
standard model background. In the first method, the missing energy spectrum is predicted by ob-
serving the charged lepton spectrum in data. When considering charged leptons and missing energy
from leptonically decaying W bosons, the two spectra should be similar, up to acceptance, resolu-
tion and W polarization effects, which are taken into account. The dominate background for this
search is ¢f events with one leptonically decaying W boson, thus allowing this “Lepton Spectrum”
method to provide the main data-driven background estimate. Sub-dominant background contribu-
tions from mis-reconstructed dilepton events are predicted using the kinematics of a control sample
of fully reconstructed dilepton events.

The second method makes use of the angle between the charged lepton and the W momentum
vectors, A¢ (W, ). The angle is expected to be small for standard model 7 events where the lepton
comes from the W, while it can take on large values for new physics contributions where the miss-
ing energy and the lepton are not as correlated. Backgrounds are further suppressed by requiring
the leptonic mass scale of the event [4] to be large. The search requires A¢(W,l) > 1, and uses
the data control region A@ (W,1) < 1 to estimate the standard model background to the search. The
ratio of the signal to control region in A¢ (W, /) is obtained from a data control region with exactly
one b-tag, while the search is performed in the regions with 2 or > 3 b-tags.

No excess of events over the predicted standard model background is observed with either
method. These results are interpreted as limits in the simplified model [5] of gluino pair production
with each gluino decaying to two top quarks and the lightest supersymmetric particle (LSP). This
scenario is the dominant decay of the gluino when all squarks are heavier than the gluino, with the
stop squark as the lightest squark. Results from the search with both methods are shown in Fig. 1.



CMS SUSY with b-jets Keith A. Ulmer

The most sensitive limits come from the A (W, /) search, which excludes gluinos up to masses ~
1.3 TeV for the case of light LSP masses.
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Figure 1: Limits from the two single lepton search methods for gluino pair production with each gluino
decaying to 177".

3. Dilepton search

Standard model events with two isolated, like-charge leptons are rare. New physics processes,
however, can enhance the rate of these events, making the signature a good place to search for
physics beyond the standard model. In this search, a pair of isolated electrons or muons is re-
quired where both leptons must have the same charge [6]. The same-sign dilepton signature can
be produced by a broad range of new physics scenarios. To be sensitive to potential contributions
in different regions of phase space, the search is divided into non-overlapping regions based on
missing transverse energy, HT, number of jets, number of b-jets, and the transverse momentum of
the leptons.

In each signal region, the expected contribution from standard model events is estimated. The
main sources of background events are the following: “fake” leptons that originate from non-
prompt sources, such as b-hadron decays; rare standard model processes with two true like-sign,
isolated leptons, such as tfW events; and opposite-charge dilepton events where the charge of one
of the leptons is misidentified. The “fake” lepton background is measured with a data-driven tech-
nique extrapolating from a looser isolation control region to the signal region. The rare background
is estimated from simulation. The wrong charge background is measured in data from dilepton
events reconstructed with the same charge with a dilepton mass that peaks at the Z mass indicating
a true opposite charge lepton pair.

No excess is observed in any of the signal search regions. Confidence limits at the level of
95% are set for a variety of signal models, including gluino-mediated stop production, and sbottom
production. Figure 2 left shows the results for the same gluino-mediated stop production model as
was used for the single lepton search. The right plot of Fig. 2 shows results for a similar model
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where the stop is instead allowed to be on-shell. Gluinos with masses up to ~ 1000 GeV are ruled
out for low LSP or stop mass in these scenarios. The search is also sensitive to pair production
of sbottoms, with each sbottom decaying to top, W, LSP, as shown in Fig. 3. The left and right
plots show two scenarios as labeled in the plots for different mass splittings between the relevant
supersymmetric particles. Limits up to ~ 500 GeV for the sbottom mass are obtained in these

scenarios.
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Figure 2: Limits from the same-sign dilepton search for gluino pair production with each gluino decaying
to 17%° (left) and each gluino decaying to 7, with 7 — ¢ %° (right).
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Figure 3: Limits from the same-sign dilepton search for sbottom pair production with each sbottom decaying
to tW % for two different mass splitting scenarios as indicated in the plots.
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4. Conclusions

Results from CMS searches for events with multiple b-tagged jets and either exactly one lep-
ton, or a pair of opposite-charge leptons were presented. These searches are part of a rich CMS
program searching for final states with 4 W bosons and multiple b-tags, a topology that can be
searched for with a number of leptons ranging from 0-4. Figure 4 shows a summary of CMS
search limits for the off-shell gluino-mediated stop scenario, including the results presented here,
plus a fully hadronic search [7], a search combining hadronic and single lepton final states [8], and
a search with > 3 leptons [9]. Thus far, no evidence of supersymmetry has been observed.
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Figure 4: Summary of CMS results for gluino pair production with each gluino decaying to t7j°.

References

[1] S. Chatrchyan et al. [CMS Collaboration], “Observation of a new boson at a mass of 125 GeV with
the CMS experiment at the LHC,” Phys. Lett. B 716, 30 (2012) [arXiv:1207.7235 [hep-ex]].

[2] G. Aad et al. [ATLAS Collaboration], “Observation of a new particle in the search for the Standard
Model Higgs boson with the ATLAS detector at the LHC,” Phys. Lett. B 716, 1 (2012)
[arXiv:1207.7214 [hep-ex]].

[3] S. Chatrchyan ef al. [CMS Collaboration], “The CMS experiment at the CERN LHC,” JINST 3,
S08004 (2008).

[4] The CMS Collaboration, CMS Physics Analysis Summary SUS-13-007, “Search for supersymmetry
in pp collisions at a center-of-mass energy of 8 TeV in events with a single lepton, multiple jets and
b-tags,” https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS 13007, (2013).

[5] D. Alves et al., “Simplified models for LHC new physics searches,” arXiv:1105.2838 [hep-ph].

[6] The CMS Collaboration, CMS Physics Analysis Summary SUS-13-013, “Search for new physics in
events with same-sign dileptons and jets in pp collisions at /s = 8 TeV,”
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS 13013, (2013).



CMS SUSY with b-jets Keith A. Ulmer

[7]

[9]

S. Chatrchyan et al. [CMS Collaboration], “Search for gluino mediated bottom- and top-squark
production in multijet final states in pp collisions at 8 TeV,” Phys. Lett. B 725, 243 (2013)
[arXiv:1305.2390 [hep-ex]].

The CMS Collaboration, CMS Physics Analysis Summary SUS-13-004, “Search for supersymmetry
using razor variables in events with b-jets in pp collisions at 8 TeV,”
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS 13004, (2013).

The CMS Collaboration, CMS Physics Analysis Summary SUS-13-008, “Search for supersymmetry
in pp collisions at /s = 8 TeV in events with three leptons and at least one b-tagged jet,”
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS 13008, (2013).



