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1. Introduction

The year 2012 has been exciting for the LHC experiments, the obvious highlight being the

discovery of a Higgs-boson-like particle [1], [2]. If the new bosonic particle is indeed the long-

sought Higgs boson, the hierarchy problem arises immediately: what stabilizes the mass of the

Higgs boson at ≈ 125 GeV? Do we live in a fine-tuned universe, or is there a yet undiscovered

symmetry responsible for the low Higgs mass? Theories which avoid fine-tuning to explain a low

Higgs mass are commonly referred to as “natural” theories.

The CMS collaboration pursues a wide physics program in search for such a potential new

symmetry, and a natural solution to the hierarchy problem. This program if formally split up into

two categories, according to the theoretical motivation behind the searches: Searches for signa-

tures inspired by supersymmetry (SUS), and searches for non-supersymmetric, “exotic” physics

beyond the standard model (EXO). The majority of all CMS publications of 2012 falls into the

EXO category.

It is the aim of this document to summarize recent efforts of the CMS collaboration in these

two categories. Results that are based on the full 7 TeV dataset from 2011 are shown, as well as

8 TeV studies with data collected in the 2012 run. The document is structured as follows. The

searches for signs of supersymmetry are discussed in Sec 2. The exotic searches will be the topic

of Sec. 3. Finally, Sec. 4 summarizes the status of the BSM physics searches.

2. Searches for supersymmetry

Supersymmetry [3, 4, 5, 6, 7, 8] is one of the theoretically most promising candidates to solve

several outstanding problems in particle physics, one of which being the hierarchy problem, as

mentioned in the introduction. Supersymmetry introduces a new fermionic super-partner to every

one of the standard model’s bosonic degrees of freedom, and vice versa. The supersymmetric part-

ner particles can the divergences of large radiative corrections to the Higgs boson mass, allowing

it to remain naturally light near the electroweak scale. Supersymmetry can thus be a “natural” the-

ory. If so-called R-parity is imposed on a supersymmetric theory, then the lightest supersymmetric

particle (LSP) becomes stable, can be neutral, and is therefore a dark-matter candidate.

Already the minimal supersymmetric extension to the standard model (MSSM) counts more

than 100 free parameters. This number clearly is too high to quantify the experiments’ search

results. Therefore different ways to reduce the number of the model’s free parameters have been

devised:

• Constrained models [9, 10, 11] typically impose conditions on the model parameters in the

high-energy regime. The “constrained MSSM” (cMSSM) is defined by 4+1 free parameters.

• Phenomenological models [12, 13, 14, 15] on the other hand try to parametrize the MSSM

with 18/19 free parameters at the SUSY scale.

• Simplified models [16, 17, 18, 19] do not pretend to be “fundamental” theories; instead, they

are intended to describe experimental results in terms of effective Lagrangiangs with only a

very limited set of free parameters, typically two or three particle masses.
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Following the general trend in the experimental collaborations, the results in this document will be

mostly given in terms of the third category.

The CMS SUSY group has pursued a wide range of searches for signs of supersymmetry [20,

21, 22, 23, 24, 25, 26, 27].

In what follows, the results for the search for single-leptonic stop decays [23], the search for

weakino production [22], and the search for RPV SUSY [25] will be discussed in more detail.

Search for single-leptonic stop decays

The CMS collaboration’s latest search for stop decays in the single-leptonic channel [23] re-

quires a single isolated electron or muon and at least one jet that is identified as originating from a

b quark. The data sample used corresponds to an integrated luminosity of 9.7 fb−1 of pp collisions

at a centre-of-mass energy of 8 TeV. The signal regions comprise selections based on the miss-

ing energy and on the MT variable, where MT is the “transverse mass” of the lepton plus missing

energy:

M2
T = 2pl

T 6ET (1− cosφ) , (2.1)

where pl
T and 6ET are the magnitude of the transverse lepton and the missing transverse momentum,

respectively, and φ denotes the angle between the lepton and the missing energy. The lepton is taken

to be massless.

Figure 1 shows the distribution of MT for events that have met the missing energy requirement.

The region with MT > 150 GeV – Figure 1(a) – and MT > 120 GeV – Figure 1(b) – correspond to

two different signal regions: no excess can be seen. The null result is interpreted in the context of

two different simplified models: stop-stop pair production with a direct decay to top and the LSP

– shown in Figure 2(a), and stop-stop pair production with an intermediate cascade decay through

charginos, Figure 2(b).

Search for production of weakinos

One CMS analysis [22] studies final states with exactly three leptons, four leptons, two same-

sign leptons, two opposite-sign-same-flavor leptons plus two jets, or two opposite-sign leptons

inconsistent with Z boson decay. 9.2 fb−1 of data at 8 TeV have been considered. Different

methods are employed for the different final state signatures; Figure 3(a) shows a summary plot

of all results obtained in Ref. [22], weakino decays via sleptons and decays via gauge bosons are

considered. Fig 3(b) zooms in on the decay modes through gauge bosons – the red combination

curve in this plot corresponds to the dashed blue line in Figure 3(a): for gauge boson decays,

chargino/neutralino masses only up to 300 GeV can be excluded.

Search for R-parity violating (RPV) supersymmetry

Recently, also results for RPV supersymmetry have been made public [25]. The advantage of

these searches is obviously that no cut on 6ET is applied. 9.2 fb−1 of 8 TeV are the base of this

search; the multilepton events are categorized based on the identity and kinematics of the leptons.

Figure 4 shows the interpretation in terms of the “hadronic RPV” model: the Feynman diagram,

Figure 4(a), and the result, Figure 4(b). Figure 5 shows the Feynman diagram and the results for

the “stop RPV” model. Ref. [25] shows re-interpretations in several additional models. Depending
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(b) 6ET >150 GeV

Figure 1: MT distributions, for 6ET >100 GeV (left) and for 6ET >150 GeV (right), for the single-leptonic stop

search [23].
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Figure 2: Single-leptonic stop decays, interpretations in SMS space, [23].

on the specific model assumptions, and for the assumption of BR=1 one finds 95% exclusion limits

for stop and sbottom quarks of up to 900 GeV, gluinos and squarks are excluded for values below

≈ 1200 and 1700 GeV, respectively.
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Figure 3: Summary plots, weakino production, [22].
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Figure 4: Feynman diagram and results for the hadronic RPV model, [25].
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Figure 5: Feynman diagram and results for the stop RPV model, [25].
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Summary: searches for supersymmetry

The overall status of the CMS searches for supersymmetry is summarized in Figure 7. The

naturalness argument has since long been a driving theoretical motivation for supersymmetry at low

energy scales [28]. Among other things it demands relatively light bottom and top quark partners

m(t̃1), m(t̃2), m(b̃1) . 500 GeV) ([29, 30, 31]). Figure 6 summarizes the experimental evidence. It

must be noted however that all exclusion lines are drawn for an assumed branching ratio of 1.
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3. Exotic searches in CMS

CMS has also made significant progress in their searches for exotic physics. In the following,

examples in the searches for W’ bosons, dijet resonances, and black holes will be given.

3.1 W’ bosons

Searches for additional gauge bosons have been performed by the CMS experiment. A search

for a heavy charged gauge boson (W’) can be found among the results made public [32]. A potential

signal would manifest itself as an enhanced production rate of events with a charged lepton and a

neutrino, the MT variable is a natural choice for a discriminating variable. Figure 8 shows the

distributions of MT in the electron and the muon channels. No excess is to be seen. Figure 9

interprets the null-results in the context of a sequential standard model (SSM) [33] W’ boson and

for contact interactions (“HNC” model).
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Figure 8: MT distributions of the W’ searches, [32]

3.2 Dijet resonances

A wide plethora of models for BSM physics predicts narrow resonances in the dijet chan-

nel ([35]. CMS reports no evidence for new narrow resonance production [36], with 4 fb−1 of

8 TeV having been analysed. Figure 10(a) shows the observed dijet mass spectrum, and gives

examples for what signals might look like. Figure 10(b) gives upper limits on production cross

sections (times acceptance times branching ratios), showing also the predicted cross sections for

two different models.

3.3 Black holes

A search for microscopic black hole production in pp collisions is also reported by the CMS

experiment [34]. Events of the 8 TeV data sample corresponding to an integrated luminosity of
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Figure 10: Left: The observed dijet mass spectrum (points), and fitted with a smooth curve (solid line). The

predicted QCD background is shown as a dashed red line. The distribution expected for two typical signals

(1.5 TeV W’ boson and E6 diqaurk at 3.5 TeV) are shown. Right: 95% CL observer upper limits on σxBxA

are shown together with reference cross section for a few models. E.g. E6 diquarks can be excluded up to

an invariant mass of ≈ 4 TeV, [36].

3.7 fb−1 have been analyzed for the presence of multiple energetic jets, leptons, and photons.

Figure 11 shows a typical candidate event. The analysis sees no signs of new physics. Limits

are reported in a model-independent fashion [Figure 12(a)] and specifically for semiclassical black
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holes – Figure 12(b).

Figure 11: Rho-phi view of 6-jet (magenta cones) candidate black-hole event, ST = 3.5 TeV, [34]
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Figure 12: Experimental (solid lines) cross section limits for various black hole parameter sets compared

with the theoretical signal production cross sections (dotted lines, left plot.) Model-independent 95% confi-

dence level upper limits on a signal cross section times acceptance for ST > STmin as a function of STmin

for N ≥ 3. The blue (red) lines correspond to an observed (expected) limit (right), [34].

Summary: exotics

The list of results of searches for exotic physics has grown long, as is seen in the bar plot

Figure 13. No statistically significant excess beyond the standard model predictions has been found

in the entire physics program.
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