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Non-convenlbional—{sm

Non-conventional Final-state usually refers to unique detector signatures

— Mostly refers to physics beyond the standard model (BSM)

— Many scenarios tnclude new particles with relatively long (ife-time, enabling direct measurements
— Funal states can mclude BSM particles

— The new particle nteractions with the detector can differ from tnteractions mvolving SM particles
8 s o paridion are apadiad] o Gl ol velleeios (6 < 1)

o [f electrically charged, the new particle 15 expected to be highly ionizing

o Unusual decay products can be produced (LB wumbers violation, multiple jets, et




Searching for non-conventional final-states

Usually requires non-conventional analysis methods

— Detector-signature driven search

— Standard triggers are not designed for unusual obyects
— Self-made object reconstructions ts required

— Requires non-standard analysis strategies and tools

— Custom made MC stmulations

— Background estimation ts usually data driven




Metastable-ness

Metastable particles

* Cousidered as long-lived (f their decay occurs wnside the detector volume
* The decay location s usually unknown and hence a range of [ifetimes will be studied

* ln most cases the background sources are cavern/tnstrumental noise and badly reconstructed objects

Considered models:

e §,t or b forming R-hadron states together with (ight SM quarks:

V' Within SpliESUSY - decaying <ither in the calorimeter or in the Muon system

' Shopand G slor wiih e edlermetiar ardl P devay ot @ il o ke bedire S (G o 710)
* Disappearing tracks - 77 within AMSB model decaying to Fomt

» Displaced vertices:

v Hidden Valley predictions of exotic particles: H/Z decaying to multiple-jets
v’ RPV or Stealth SUSY scemarios of either X9 or § decays

* Prompt and non-prompt Dark photons yp decays to epton-jets ((Ts)




Features & search stratequ:

The LLP will hadronize together with SM
[1ght colored particles tnto an R-hadron
bound state

e Massive

e Slow (B < 1)

. . . dE dE
* Llarge 1omzation (a > — )
MIP
da

— Mass estimated from & (By) and

; dx
p Pixel measuremaents

— Background source: badly reconstructed
or mis-measured obyjects

— Background estimation based on coutrol
data samples and a randomly generated
data sample

SplitsUSY
* § above the TeV scale

* J as the NSLP
o ¥ as the LSP

— Life-tume depend on Amg_zo
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are excluded at 957% CL up to
1580 GeV

*stable § R-hadrown scenarios
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g masses up to 1530 GeV are
excluded at 957% CL
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%" decaying into X"+

Badly mismeasured in p; duc to a wrong
combination of space-points
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—  Two secondary (displaced) vertices, located significantly far from the
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Long-livedness

Long-lived particles (LLP) - Long enough (ife-time to be measured by the detector 9

* lnuteraction with the detector: ‘\O

v' Electrically charged (LPs will (eave sigual n all detector stations

V' Strongly inferacting LLPs might flip thair electric charge while inferacting with the defector medivm O/k

o (LPs are expected to be massive and hence slower than SM particles (B < 1) g

* lonization energy loss bigger than a Minimum lonizing Particle (MIP)

Counsidered models:

e T, as NLSP within GMSB (Decay product originating from production of G, d or direct production)
« G forming R-hadron within SpLitSUSY (simplified models of T as LLP considered as well)
* Multi-charge long-(ived heavy particles, with |9 ranging from 2e-8e
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Multi-charge particles
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Theory Observed

\E =8TeV, 20.3 fb'1 prediction 95 % CL limit
—DY z=2 :z=2
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—DY z=4 -k z=4
DY z=5 z=5
—DY z=6 ©z=6

Scenario

— Drell-Yau (DY) production of multi-charge particles (MCPs), with ouly photon

exchange ncluded

—  Predicted by several DM motivated theories e o

— Counsider [9]: 2e—8e
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Features:

—  Long-lived, slow, massive particles
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S’ummary

Many BSM models predict non-conventional detector signatures

* Custom analysis techniques are designed & used to achieve sensitivity to these tmportant final-states

Presented (atest results from searches studied on 8 TeV and 13 T<V datasets

v Metastable particles Being a little weird is just
v Long-lived particles a natural side-effect of
being awesome.

~ Sue Fitzmaurice

No evidence for the existence of new physics was found
Higher [imits were set at 95% CL on the new particle mass (and [ifetime)
[ncreased semsitivity to these searches at 13 TeV due to higher production cross-section

* Work ts on-going tn analyzing the Run-2 results

lb







Metastable & Stable Long-lived particles
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CMS: Heavy Stable Charged LLPs - 13 TeV

Counsidered scenarios

— T, within GMSB and from direct production
— & R-hadrons within SplitSUSY

— Simgle & doubly charged LLPs
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Multi-charge particles
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