
Searches for exotic new physics in CMS
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Abstract. An overview of the CMS search program for exotic new physics is given based

on a representative set of models, experimental techniques and final states. Exotic new

physics models are briefly reviewed and exotic experimental techniques are introduced

before the experimental results based on 8 TeV pp collision data in 9 different final states

are discussed.

1 Introduction

The main purpose of the CMS experiment [1] after the discovery of the Higgs boson is the search

for new physics beyond the standard model (SM). The program of new physics searches in CMS is

roughly divided into searches for Supersymmetry (SUSY) and searches for exotic new physics that

cover anything that is not simple SUSY or have an unusual signature. In 2012 CMS has collected

pp collision data at a center-of-mass energy of 8 TeV corresponding to an integrated luminosity of

19.7/fb. While many search results based on this data have already been published in 2012 and

2013, this contribution focuses mainly on preliminary results from more recent searches performed in

experimentally more difficult channels. In the following, exotic new physics models and exotic exper-

imental techniques are briefly reviewed, before the corresponding experimental results in 9 different

final states are discussed.

2 Exotic model: Contact interactions

In models of new physics beyond the SM, the SM fermions may be composite objects connected by

a new interaction at an energy scale higher than explored experimentally so far. At the LHC, such a

new interaction at an energy scale Λ much higher than the parton collision energy, would be observed

as contact interactions between SM quarks and/or leptons as depicted in Fig. 1 [2]. Depending on

the properties of the new interaction and substructure particles, various contact interaction terms and

different interference terms with the SM processes are possible. A set of benchmark interaction terms

is considered in the searches, where the most common one is a left-left iso-scalar contact interaction

with destructive interference with the SM. At the LHC both quark and lepton final states are explored,

since they are sensitive to different interaction terms.
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Figure 4. (left) Pruned jet mass distribution for simulated jets from W and Z bosons compared to quark/gluon

induced jets from QCD simulation and data. (right) Observed and expected upper cross section limit as a function

of resonance mass. Three searches are compared and combined, assuming the branching fraction of the resonance

to W bosons is twice that of Z bosons as in the Gbulk model.

4 Exotic model: Dark matter

From gravitation effects in galaxies and many other astrophysics measurements, we know that a

weakly interacting dark matter (DM) must exist. It is searched for in direct detection experiments

as well as particle colliders. Dark matter signatures at the LHC are either invisible stable particles

in cascade decays, e.g. the lightest SUSY stable particle if R-parity is conserved, or pair produced

invisible particles which become detectable because of higher order diagrams that provide a probe

recoiling against the DM pair as shown in Fig. 5 [5]. To be able to compare the sensitivity of direct

detection experiments and particle colliders, the DM interaction is typically described in an effective

theory, where the SM-DM interaction is represented by an effective 4-point operator, such that col-

lider DM production cross sections can be translated in elastic DM-nucleon cross sections. Various

operators are possible depending on the nature of dark matter and its interaction and this theory is

only meaningful as long as the scale of the theory is much larger than the momentum transfer of the

interaction.

4.1 Exotic signature: Mono-photon

The mono-photon search has a signature of a single high transverse momentum photon balanced with

an equal amount of missing transverse energy in the event, where signatures of dark matter would

show up as an excess of events at high transverse momenta [5]. The main background from Z → ννγ

events is estimated from simulation that is cross checked with a data driven estimate from Z → llγ

events. The resulting DM-nucleon cross section limit as a function of DM particle mass is shown in

Fig. 6 (left). For this particular effective theory with an axial-vector operator, the collider searches

are more sensitive than the direct detection experiments over a large range of dark matter mass, while

this is not true for others of the possible operators. While the mono-jet search that is sensitive to DM

production in association with gluons is the most sensitive collider channel for this interaction, the

mono-photon is the second most sensitive.

EPJ Web of Conferences

04030-p.4



ICNFP 2014

04030-p.5



EPJ Web of Conferences

04030-p.6



��������	
���������������������
��� ��� �� ��� ���� ���� ���� ���

���
��

��
���
 �
��
!
�"
�#
�

×
$
�%
&�
��
��
�

�

�

��

��

��

��

'�
(�)�*+������,+-

�����.���

/�0,�,1��2��3 
�������β	
1�����������1�

4�5�����
��
6�#�+� ,�78+�9�"�

(0��9�������

������$)�
*

 (

  

 	


 	�



β





%	


%�


%


%*


%�


%(


%&


% 


%�

	

�����$���+�#�

,,��-��%�ν������,,�.��

,,��/0�%�ν������,,�.��

,,��-��%�ν�����

,,��/0�%�ν�����

������,,��-��%�

������,,��/0�%�

�	��� �!�����������	�%(�'������12���+��"23����������

��,
,

,,ν�

,,
ν

��
,,�.

��

Figure 8. (left) Reconstructed LQ mass in data compare to estimated background and signal simulation. (right)

Limit on the LQ mass as a function of β from the ee j j and eν j j channels combined.
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Figure 9. Exclusion limits from third generation LQ searches.

Fig. 10 (left). For leptons with flight lengths longer than cτ > 2cm special reconstruction techniques

are needed. Such events can be triggered using the muon and calorimeter systems, without using

the tracker. The leptons can be reconstructed from the muon and calorimeter systems together with

partial tracks in the tracker and the significance of reconstructed secondary vertices becomes the main

discriminator, as shown in Fig. 10 (right).
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6.2 Exotic signature: Displaced μμ/ee

The search for displaced μμ and ee pairs is performed using the special reconstruction techniques for

cτ > 2cm [10]. The so called collinearity, the Δφ between the vector connecting the primary and

secondary vertex and the momentum vector of the di-lepton system is expected to be small for real

displaced di-leptons, while it is randomly distributed for experimental background. The main back-

ground from tau lepton decays is estimated from simulation and validated in a sideband of collinearity.

The resulting exclusion limits set on a benchmark model of a heavy H → XX → μμ/ee, where X is

long-lived, are shown in Fig. 11 (right).

7 Conclusions

CMS has explored a large variety of exotic models and signatures in the 7 TeV and 8 TeV datasets.

After the first searches performed within the first year of data taking, a lot of progress in exploring

difficult regions of phase space with complicated final states has been made. No evidence for exotic

signatures has been found so far. In Run II of the LHC with 13/8 times more energy, CMS will repeat

all of these searches in yet a new territory to find evidence for new physics.
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