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LLP Signature vocabulary

Displaced Leptons ey, yu
Vertices  with muons, lepton veto (n_trk > 5), dimuon

Jets (emerging, lepton, trackless)

“Prompt” Heavy charged track

Disappearing track

One-off SUE




Observable
processes:

Lagrangian + production of new

parameters

particles, interference
etc.

Needs to be validated!
R Simulate detector
efiects e benchmarks
‘ ® definitions of objects (vertex, |et, etc.)
Recasting Change e detector acceptances
arams TaY '
P 4 Analysis cuts & ® efficiencies
statistical e cut flow tables
"""""""" predictions

needed to accomplish this

Compare with published
shapes/limits



Kinds of LLP searches in CheckMATE

e Displaced vertex + MET (ATLAS, 1/10.04901)

e Displaced vertex + p (ATLAS, 2003.11956)

e Heavy Charged track (ATLAS, 1902.01636)

e Displaced Leptons (CMS, 1409.4/89, CMS-PAS-EXO-16-022)

e Disappearing track (ATLAS, 1/12.02118)
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https://arxiv.org/abs/1710.04901
https://arxiv.org/abs/2003.11956
https://arxiv.org/abs/1902.01636
https://arxiv.org/abs/1409.4789
https://arxiv.org/abs/1712.02118

A...Search 1: Displaced Vertex
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https://arxiv.org/abs/1710.04901

Displaced Vertex -1

e Reinterpreted limits match published very well for almost entire lifetime range.

e CheckMA
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Displaced Vertex - 1: compressed spectra

Upper limit on cross section [pb}
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We wait for the 139/fb update

Normal
Case

Compressed
Case



A._Search 2: Displaced Vertex (+ u)
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o Efficiencies published based on generator-level info
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https://arxiv.org/abs/2003.11956

Displaced vertex and u
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Selection ATLAS | CM ATLAS | CM ATLAS | CM
All 64.2 64.2 64.2 64.2 64.2 64.2
EMiss trigoer 63.0 63.2 63.0 63.3 62.7 63.2
E}}“SS > 180 GeV 60.9 61.2 61.0 61.3 60.6 61.0
> 1p; pr > 25 GeV, |n| < 2.5 | 57.8 60.8 58.7 61.0 52.5 60.6
2 < |do(p)| < 300 mm 11.3 12.8 49.1 52.5 49.5 59.2
1z0(p)| < 500 mm 11.3 12.8 49.1 52.5 49.3 58.1
Fake/HF /cosmic veto 9.1 9.9 40.0 42.4 39.4 48.1
At least one DV 8.5 4.4 37.6 29.8 32.6 39.6
DV fiducial volume 8.4 3.7 37.1 29.1 31.2 32.7
Material veto 5.3 2.2 31.0 16.9 22.2 19.0
nbV,.. >3 3.8 1.8 26.0 15.5 13.7 17.3
mpy > 20 GeV 3.4 1.2 22.7 11.9 10.3 14.0

Lifetime behaviour confirmed for three lifetimes



Search 3: Heavy Charged track

Benchmark Model

ATLAS, 1902.01636
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We implement the EW search regions

Efficiencies available based on true boost of particles
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https://arxiv.org/abs/1902.01636

Search 4: Displaced Leptons
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CMS, 1409.4/389, CMS-PAS-EXO-16-022
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https://arxiv.org/abs/1409.4789

Search 5: Disappearing track

EW benchmark
Strong
benchmark
(ATLAS, 1/12.02118)
CM xix: | CM x7xy | CM %7 %Y | CM all channels | ATLAS CM | ATLAS

Trigger 445.1 624.0 274.4 1343.5 1276 Trigger 289 285
Lepton Veto 423.4 608.5 267.3 1308.2 1181 Lepton Veto 277 278
MET and jet requirements 164.2 229.6 101.0 494.8 579 MET and jet requirements | 216 202
EW SR 5.2 4.4 1.6 11.2 13.5 strong SR 11 11
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https://arxiv.org/abs/1712.02118

Models to test

EW model Strong model
New scalar New scalar
Charged under SU(2) only Charged under SU(3) only
Produced via Drell-Yan, decays via Produced via s-channel gluon,
Yukawa-like coupling to lepton + decays via Yukawa-like coupling to
invisible lepton + quark (SUSY R-parity

violating or leptoquark)

Based on lifetime, see in track
searches and displaced leptons See in displaced vertex searches
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EW model limits
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« Upper limits on masses between 150-480 GeV based on lifetime (or analogzously on Yukawa
coupling). There is a gap between lifetimes ~1cm -1 m which should in principle be seen by the
disappearing track search.

 Intermediate mass range currently not visible in disappearing track because
(1) Large mono-jet trigger cut required kills production cross section (we need other triggers too)
(2) We don’t know how if lepton veto works. Likely it should not affect because dO is too large.
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RPV model limits

2000
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Limits on masses ~ 800 - 1600 GeV based on lifetime
Alternately, can be interpreted as limits on RPV couplings

DV + MET still to be updated to full Run-2
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How to use CheckMATE for your own model

'_------------------------------------l-.

Dercks, ND et al. Comp. Phys. Comm. (2017) [EH]E[EK h\ﬂ ATI]E

Input Possibility A

- MG5 command (= model + process)
- optionally: cross section or K-factor

MG5 aMC@NLO

- Generate events for any model implemented in MG5_aMC@NLO

Input Possibility B

- SUSY process and/or .in Pythia settings file
- SLHA file
- optionally: cross section or K-factor

Pythia

- Generate SUSY events or shower provided .lhe files

Input Possibility C oIIIIIIiIE

- .lhe files
- optionally: cross section or K-factor

Delphes

°*1 *1° e L Ll - Simulate track reconstruction and energy deposits
Inpllt POSSlb].].].ty D e LR - Perform energy/momentum smearings on reconstructed objects
(R S - Cluster jets

) - Evaluate total missing energy

- .hep or .hepmc events
- cross sections

-----------r

Input Possibility E  [II:Ii:iiiIii3|Analysishandler

- Delphes .root files - Apply identification efficiencies for photons and leptons

1

1
- cross sections '¢:’ - Apply tagging efficiencies for b- and tau-jets
Qe 1 - - Checks isolation conditions that are required for the various analyses
SO
N84 1
;{/\/C} . .
. . #]Analyses
Experimental »* analysis : y
[ [} [ ] - - - O N N O E_EE mom
S p n { f. k h/‘ f' f' Publications AR procedures :. - Perform overlap removals, trigger efficiencies, kinematical cuts
l M a 'Q l “‘Q a l C C M S . 1 - Follow experimental analyses as closely as possible
h v %, 1 - Count how many events fall into various signal regions

ONRZS !
o) %‘sds !

6&@ @0,8 "O ] 1 - U 1111 4events of different signal regions

’LO 4 S {\ ' v v v (summed over all input events)
|
O)Gb O . . 1 1
Q Ay 1 1 2

Q. 0®

Output * 14| Evaluation

- For all signal regions... - Find signal region with largest expected exclusion potential
... theoretical signal / experimental upper limit N - compare expected signal to experimental observation
... CLs(signal, background, observed) e

- State if input is excluded or allowed ‘. .
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