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OVERVIEW

m 2022 marks the beginning of Run 3. All of the results | have
to show you today make use of the full Run 2 dataset.

= | 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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= Most of what | will highlight will utilize 138 fb-! of data
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Total weight: 12500 t

Overall diameter: 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla

http://cms.cern.ch

= An experimental talk is never complete without
the star of our show.



OVERVIEW

® | et me quickly summarize our results:
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LANDSCAPE:
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Overview of CMS long-lived particle searches
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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

= |’'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.

= | will largely organize things into:
= Has one or more leptons (e, and sometimes 7).
" Does not.

®  This is influenced by how we select data events: leptons (well, e, 1 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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®  This was the analysis that | 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 vy, and measure the outgoing protons to infer if

something escaped.
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pixel strip
Searches for Exotica at CMS
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-009/
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®  This measurement is performed via all of the configurations of PPS (’'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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= Not just your generic Z’ though,a Z’ that decays to two heavy neutral leptons
(Majorana). Both W 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

CMS-EXO-20-006 16
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-006/
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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

Ny o} Ny

= |n 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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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 pp
channels separately.
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q2

®  Similar kind of final state as previous result except in same sign leptons (up),
with the presence of large rapidity jets, searching for vector boson fusion events.

m  Can also be a test of the Weinberg operator.
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RESULT

138 fo~! (13 TeV)
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®  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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m  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.

EH’ !
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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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®  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.

CMS-SUS-21-007 24
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Breaking my rule of one slide per analysis because | wanted to show this.
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®  Breaking my rule of one slide per analysis because | wanted to show this.

Searches for Exotica at CMS Andrew Askew 26



m., [GeV]

CMS  Froliminary 138 1b" (13 TeV)

2000lpp > gg,g »tTE NLO+NLL exclusion

1g00] ==Observed+ 1o,

1800 SZcExpected £ 10, 0imen

1400

IIIIIII
]
L1
)

1200

-

1000
200

600

400

-
-
T T L

200

00 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
m; [GeV]

[ IIIIII| |
M. [GeV]

[V

95% CL upper limit on cross section [pb]

e VR

C M S Fraliminary

2000

138 b (13 TeV)

1800
= Cbserved + 10,

1600 5= Expected 1 g

sxparimant

I"ﬂir.-

PR— 00 0—qqw f: MLO+MLL exclusion

=0.5 [r‘né + mf:]

1400

1200
1000
ann

GO0

400

200

00 300 1000 1200 1400 1600 1800 2000 2200 2400 2600

®  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.

m  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.

pp — Y — XX = (j7)(jj)

pp — XX —= (j7)(JJ)
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®  The couple of events that sparked a LOT of discussion.
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PF Jet 1,
pt=2.218 TeV
ela = 0.27

phi= 1.47

Dijet Pair 1: \
pt = 3.49 TeV
Mass = 1.88 TeV

|PF Jet 3.
pt= 1733 TeV -u-
eta =0.21 n ’
phi = 2.45 ‘ B
g *
Fe z
72 PF Jet 4,
pt = 1.408 TeV
. eta=-0.74
\ =1
= & phi 17
L B

Dijet Pair 2:
pt = 3.45 TeV

Data recorded; Sat Oct 28 12:41:12 2017 EEST —
Run/Event: 305814 { 971086788 Mass = 1.86 TeV

L.umi saction: 610

CMS Experiment at LHC, CERN
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p-value

Local

107k

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

tau multiplicity | production + decay mode final state

EE — b(tv;)b(tv;) 4b + 4 + 2v

0T EN — b(tvy)t(tve) 4b + 6] + 2v
NN — t(tve)t(tve) 4b + 8j + 2v;
EE — b(b7)b(tv) 4b +2j + T+ v

e EN — b(tv; )t(bT) db+4j+ T+ v
EN — b(b1)t(tv;) db+ 4+ 1T+ v
NN — t(b71)t(tv;) db + 6§ + 7+ v
EE — b(bT)b(bT) db 4 27

27 EN — b(b7)t(b7) 4b +2j + 27
NN — t(b1)t(b7) 4b 4 4j + 27

®  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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® 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

96.5 b (13 TeV)
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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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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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So this is certainly intriguing,
and when we examine the
coupling parameters, we find
that x,,=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!
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