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OVERVIEW

 2022 marks the beginning of Run 3.  All of the results I have 

to show you today make use of the full Run 2 dataset.

 I will try to give some sense of the latest results across the Exotic 

landscape.

 Where we’re going:

 There is a vast expanse of LHC data yet to be taken and explored!  

We’re back running RIGHT NOW.
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REMINDER: RUN 2

 Most of what I will highlight will utilize 138 fb-1 of data
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NEVER COMPLETE WITHOUT:

 An experimental talk is never complete without 

the star of our show.



OVERVIEW

 Let me quickly summarize our results:
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LANDSCAPE:
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LANDSCAPE:
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LANDSCAPE:
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These are real plots, 

you can find them: 

here, here, and here.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS#Run_2_Summary_plots_13_TeV
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G#B2G_Preliminary_Results


KIDDING ASIDE

 I’m going to focus in on a subset of recent(-ish) analyses that either have been 
submitted, or soon will be submitted for publication.

 There are some interesting things starting to develop and I’ll do my best to point 
out where those things live.

 I will largely organize things into:

 Has one or more leptons (e,m and sometimes t).

 Does not.

 This is influenced by how we select data events:  leptons (well, e, m at least) 
provide good handles for triggering.  If you don’t have one of those, you can 
trigger on things like the total energy in the calorimeters, or a large imbalance in 
the visible energy.
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MISSING MASS

 This was the analysis that I referred to earlier as having a different luminosity, 
due to work performed to bring PPS into full operation.

 You have a leptonic decaying Z or g, and measure the outgoing protons to infer if 
something escaped.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-009/


RESULT

 This measurement is performed via all of the configurations of PPS (I’m showing 

you the best one above, for Z→ee.  The combined leptonic channels allow you 

to set limits on an invisible particle being produced in association with the Z.
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Z’

 Not just your generic Z’ though, a Z’ that decays to two heavy neutral leptons 

(Majorana).  Both WR are considered to be off-shell, and though this diagram 

shows the same charge for the final state lepton, both opposite sign and same 

sign are allowed
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-006/


RESULT

 Interesting to note that since the jets from 

the W decay can be at close angle, we 

allow for a fatter jet category that shows 

substructure.   Thus we have the case 

where all four jets are resolved, only two 

are resolved and one fat jet, and both fat 

jets.
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HEAVY COMPOSITE NEUTRINO

 In very much the same vein, we can search for the production and decay of heavy 

neutral Majorana neutrinos.  One lepton will come from the original interaction, 

a second with accompanying two jets will come from the decay.  Just as in the 

previous analysis, the two jets are in close proximity, thus we require one large 

jet with substructure.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-011/


RESULT

 Control regions that are 

enriched in the largest 

backgrounds are selected in 

the data and then a 

simultaneous fit is 

performed .  No significant 

excess is observed, and the 

limits on the mass of such a 

particle in both ee and mm

channels separately.
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VBF HEAVY NEUTRINO

 Similar kind of final state as previous result except in same sign leptons (mm), 

with the presence of large rapidity jets, searching for vector boson fusion events.

 Can also be a test of the Weinberg operator.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-003/


RESULT

 Here you can see both the signal regions, split out by azimuthal distance and 

missing transverse momentum, along with the separate control regions.
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YET STILL MORE HNL

 Depending on the coupling of this heavy neutral lepton to its SM friends, the 

decay may not be immediate.  Thus a search in the final state with one prompt 

lepton, and the subsequent decay creating a displaced lepton pair.  On the left 

HNL is assumed to be Majorana, on the right it can be either Dirac or Majorana.
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-009/


RESULT

 Here are our observed and 

expected yields from each of the 

bins of mass and PV-SV distance.

 Good agreement is found, and 

limits are set as a function of HNL 

mass versus coupling for both of 

the scenarios on the prior slide.
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SINGLE LEPTON SUSY SEARCH

 The above picture says a thousand words about the complicated nature of this 

search.  You’re looking for very energetic events with high transverse momentum 

leptons and jets that may or may not have substructure.

 Think of the topology of these events as split up by angular correlation of the 

lepton, jet multiplicity and b-tag multiplicity.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-007/index.html


RESULT (1)

 Breaking my rule of one slide per analysis because I wanted to show this.
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RESULT (1)

 Breaking my rule of one slide per analysis because I wanted to show this.
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RESULT(2)

 As a result of the previous two slides, we can set limits.
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TRANSITIONING

 Here’s where we break from requiring leptons and go all hadronic, and the first 

thing to look at is a very generic search.  

 Search for resonant, or non-resonant pairs of jets.  The “generic” idea is either 

you have a resonance that decays to two particles which each decay to pairs of 

jets, or you just non-resonantly pair produce particles which subsequently decay 

to jets.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-010/


CROWDPLEASERS

 The couple of events that sparked a LOT of discussion.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-010/


SOMETHING TO WATCH FOR THE FUTURE:

 As you can imagine, this will be highly scrutinized for Run 3.
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VECTOR-LIKE LEPTONS

 The scenario considered is influenced by the current B hadron “anomalies”

 Vector-like leptons are produced, and since the couplings are non-universal (kind 

of the entire point), the preferred decay modes are to the third generation.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-004/index.html
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RESULT

 So in each plot you see here, 

there is a different t multiplicity.  

The left column is the background 

only fit, the right column includes 

the signal (thus the fit gives you 

the best idea how likely there is 

to be signal present.
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RESULT

 In this case, no VLL masses are 

excluded, even though the expected 

exclusion was ~650 GeV (~2.8s

effect)

 Again, something we’ll definitely be

revisiting in Run 3.
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SUBSTRUCTURE GONE WILD

 I’ve referenced substructure a couple of times in this talk, this is one of the best 

examples of what we’re able to do now.  In all these cases, we look for two jets 

with substructure searching for all hadronic decays of WW, WZ, ZZ, WH, ZH.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-009/index.html


RESULT

 From the previous slide, 

besides a few wiggles, the 

dijet mass doesn’t show 

evidence for any massive 

particle decaying to 

vector boson pairs, so 

here we set limits.
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HH

 Conspicuously missing from 
the previous diboson list was 
HH.  That’s because for one, 
that cross section is supposed 
to be tiny, especially for the 
transverse momentum needed 
to have one jet per Higgs.

 We do our typical 
simultaneous fit, but 
surprisingly with the signal 
hypothesis included, the value 
is most consistent with 3.5 
times the expected SM signal 
strength.
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-22-003/index.html


HH

 So this is certainly intriguing, 

and when we examine the 

coupling parameters, we find 

that k2V=0 is strongly ruled out 

for the first time.

 The result is still statistically 

consistent with the background 

hypothesis, but the observed 

cross section limit is 9.9, as 

opposed to the expected limit 

of 5.1 (both relative to the SM 

cross section).
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SUMMARY

 We have done, and continue to do a very 

successful job widening our view into physics 

at the LHC.

 We starting to see what potentially could be 

some interesting phenomena.  Run 3 has quite 

a few places to scrutinize.

 You’ll be hearing more soon!

Run 2?

Run 3?
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