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https://indico.cern.ch/event/875077/contributions/4485659/

Outline

CMS searches using the LHC Run 2 (137 fb™') dataset.

Top squark searches
o All hadronic (no charged leptons) final state.
o Combined (0, 1, and 2 charged leptons) final state.
o Top corridor study.
Dark matter search
o Scalar or pseudoscalar mediators that couple to quarks and dark matter.

d/a

l—|'|

I




Supersymmetry (SUSY)
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https://www.joylesscreatures.com/reviews/particle-fever

Supersymmetry (SUSY)

e SUSY can resolve the hierarchy problem Link to Image
and offers a.dark matter ca.ndidate.. The known world of The hypothetical world of
e Regulates divergent terms in the Higgs Standard Model particles SUSY particles

mass calculation: important for third
generation quarks.
e Cancellation works best for lighter stops.
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https://arstechnica.com/science/2014/04/a-sort-of-particle-free-supersymmetry-found-in-exotic-materials/
https://commons.wikimedia.org/w/index.php?curid=3429162

All Hadronic Stop Search
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https://arxiv.org/abs/2103.01290

Efficiency

Compac uon Soionos

|dentifying Top Quarks and W Bosons
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DNNSs used to identify hadronically decaying top quarks Pully merged
and W bosons. hadronic top jet

e Resolved and merged top taggers provide high efficiency

for low and high p_. tops.
e Bottom quarks identified with low and high p.. b taggers.



CMS Event Displays

CMS Experiment at LHC, CERN =
Data recorded: Sun Sep 2 18:09:43 2018 CDT

Run/Event: 322106 / 448246125 CMS
Lumi section: 277 —

Orbit/Crossing: 72391232 / 1991 V.2 \
)
MET
D:‘IC’:S?;SS Merged Top
L pt: 545.0
eta: -0.31

phi: 2.19

CMS Experiment at LHC, CERN

Data recorded: Mon Oct 1 20:06:18 2018 CDT
Run/Event: 323841 / 471815433

Lumi section: 288

Orbit/Crossing: 75414248 / 2645

MET
pt: 292.58

phi: -0.29

Top tagging algorithms in action for data events in the search region. Event with two
identified resolved top quarks (left). Event with two identified merged top quarks (right).




All Hadronic Stop Search

PY Search reglons CMS Supplementary arXiv:2103.01290 1370fb-1 (1 3 TeV)

o Compressed (low Am) low Am high Am

o Uncompressed (high Am) . \( Now =0, Ny = 1

e Primary backgrounds

o ‘“Lost Lepton”: tt, W + jets, etc. where
lepton is not reconstructed

o Z (to neutrinos) + jets
o  QCD multijet

e Data driven background

. )
low m2, Ny, = 1 New =1, Np =1

low m2, N, > 2 New =0, N, > 2 Nw > 1,N, =2

predictions.
ived from signal depleted control M= =2

o Der.lved rom signal depleted contro low mb: b < 175 GeV ,

regions. N N N

. . = + + Nres

o Monte Carlo simulation used to v

extrapolate control region data to _ JAS
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All Hadronic Stop Search

Compressed (low Am) Uncompressed (high Am)
137.0 b (13 TeV) 137.0 fb™ (13 TeV)
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e Subset of 183 search bins.
e Binin HT, missing P, number of jets and bottoms.
e Low Am: veto tops and Ws. High Am: bin in number of tops and Ws. 9
e No excess in data beyond SM background prediction.



All Hadronic Stop Search

All hadronic final state: 100, CMS 18707 (13TeV)
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https://arxiv.org/abs/2103.01290

All Hadronic Stop Search

All hadronic final state: 1400 CMS Supplementary 137.0 o™ (13 TeV)
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https://arxiv.org/abs/2103.01290

CIMS, /!

Combined Stop Search

Limit on stop production from
combination of 0, 1, and 2
lepton final state searches.
Only one model shown here.
arXiv:2107.10892
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https://arxiv.org/abs/2107.10892

Compac uon Soionos

Top Corridor Region
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Dedicated top corridor region analysis:
arXiv:2107.10892

Challenging region due to similarity between

signal and tt background.
Top corridor region:

o Am_ =[m, -m =175 GeV|
r p neutralino
o Am__<30GeV
Meiop < 275 GeV (approx.)

Require two opposite charge leptons,
missing p; > 50 GeV, and other cuts to
reduce tt, tW, and DY backgrounds.

DNN used to increase signal sensitivity by
distinguishing signal from tt background.
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https://arxiv.org/abs/2107.10892

Dark Matter

mage from Symmetry Magazin


https://www.symmetrymagazine.org/article/december-2013/four-things-you-might-not-know-about-dark-matter

Dark Matter g

e Dark matter accounts for
a large portion (~23%) of
the energy in the
universe, but is not
explained by the SM!

e The lightest
supersymmetric particle
(LSP) is a potential
candidate for dark
matter.

e Dark matter can take
other forms and
couplings with the SM.

The Universe
(a pie chart)

B Dark Matter

[] Dark Energy

| Dark Chocolate
(and similar stuff..)

inspired by PHDComics, “We H‘ave No Idea",
J. Cham and D. Whiteson, 2017
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Dark Matter Production

d/a
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Dark matter production model:
arXiv:2107.10892

Couples to the top quark through
a scalar () or pseudoscalar (a).
Dark matter (X) results in missing
transverse energy in the final
state.

Kinematics of this model are
similar to some direct stop
production models.

Use inclusive final state (0, 1, and
2 charged leptons).

16


https://arxiv.org/abs/2107.10892

Limits on Dark Matter Models

137 fb' (13 TeV) CMS 137 fb' (13 TeV)
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e Mediator couplings to quarks and dark matter set to 1.
e Scalar mediator (¢): m, excluded up to 400 GeV for m, = 1.
e Pseudoscalar mediator (a): m_ excluded up to 420 GeV for m, = 1.
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Conclusions

LHC Run 2 (137 fb™") stop searches extend mass limit by ~200 GeV.
CMS combination excludes stops up to 1325 GeV.

Full top corridor region excluded for the first time.

Dark matter mediators excluded up to 420 GeV.

Sbottom masses up to 1600 GeV excluded by CMS: arXiv:2012.08600

LHC Run 3 (2022-2024) projecting 300 fb™! integrated luminosity! The hunt
continues...
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https://arxiv.org/abs/2012.08600

Backup Slides
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All Hadronic Stop Search
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All Hadronic Stop Search

137.0 fo” (13 TeV) 137.0 fo” (13 TeV)
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All Hadronic Stop Search

Baseline selection
Jets N; > 2 (R =04), pr > 30GeV, || < 2.4
Hy Ht > 300GeV

pRiss > 250 GeV

miss A(P (r—)'{piss’jl) > 0.5

Vi 29 (71 jz) > 015

A¢ (s j5) > 0.15 (when applicable)
Veto electron pr > 5GeV, || < 2.5, p*™ < 0.1 pt
Vetomuon  pr >5GeV, || <24, p?*™ < 0.2pt

Veto 1, pr > 20GeV, |y| < 2.4, mp < 100 GeV
PF charged candidates, || < 2.5, mt < 100 GeV
Veto track pr > 5GeV, p7™ < 0.2 pt for electron and muon tracks

pr > 10GeV, p'™ < 0.1 pt for charged-hadron tracks
Low Am baseline selection
Ny, NW/ Nres Ny = NW = Nies = 0
m? ml% < 175GeV (for events with Ny, > 1)
Nj(ISR) =1 (R = 0.8), p*R > 200GeV, |y7| < 2.4

R et AP (P jisr) > 2

pimiss piss /+/Hr > 10 V/GeV

High Am baseline selection

Jets N; > 5(R =0.4), pr > 30GeV, || < 24

b tagging Ny, >1
p;rniss A(P (ﬁ%niss’j1’2/3/4) > 0.5

22



CIMS, /!

All Hadronic Stop Search

N, N, Ngy m3[GeV] pp~[GeV] p2[GeV] piss [GeV] Bin number
2-5 0 0 — >500 — [450, 550, 650, 750, oo] 0-3
>6 0 0 — >500 — [450, 550, 650, 750, oo] 4-7
2-56 0 >1 — >500 — [450, 550, 650, 750, o] 8-11
>6 0 >1 — >500 — [450, 550, 650, 750, co] 12-15
>2 1 0 <175 300-500 2040 [300, 400, 500, 600, co] 16-19
>2 1 0 <175 300-500 40-70 [300, 400, 500, 600, co] 20-23
>2 1 0 <175 >500 2040 [450, 550, 650, 750, oo] 24-27
>2 1 0 <175 >500 40-70 [450, 550, 650, 750, oo] 28-31
>2 1 >1 <175 >300 2040 [300, 400, 500, oo] 32-34
>2 >2  — <175 300-500 40-80 [300, 400, 500, oo] 35-37
>2 >2  — <175 300-500 80-140 [300, 400, 500, oo] 38-40
>7 >2  — <175 300-500 >140 [300, 400, 500, co] 41-43
>2 >2  — <175 >500 40-80 [450, 550, 650, co] 44-46
>2 >2  — <175 >500 80-140 [450, 550, 650, co] 47-49
>7 >2  — <175 >300 >140 [450, 550, 650, co] 50-52
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CMS

Compact Won Solonod

All Hadronic Stop Search

m3 [GeV] N Np Nt Nw Nres Hry [GeV] P [GeV] Bin number
<175 >7 1 >0 >0 >1 >300 [250, 300, 400, 500, oo] 53-56
<175 >7 >2 >0 >0 >1 >300 [250, 300, 400, 500, oo] 57-60
>175 >5 1 0 0 0 >1000 [250, 350, 450, 550, oo] 61-64
>175 >5 >2 0 0 0 >1000 [250, 350, 450, 550, oo] 65-68
>175 >5 1 >1 0 0 300-1000 [250, 550, 650, o] 69-71
>175 >5 1 >1 0 0 1000-1500 [250, 550, 650, 0] 72-74
>175 >5 1 >1 0 0 >1500 [250, 550, 650, o] 75-77
>175 >5 1 0 >1 0 300-1300 [250, 350, 450, 0] 78-80
>175 >5 1 0 >1 0 >1300 [250, 350, 450, 0] 81-83
>175 >5 1 0 0 >1 300-1000  [250, 350, 450, 550, 650, o] 84-88
>175 >5 1 0 0 >1 1000-1500  [250, 350, 450, 550, 650, o] 89-93
>175 >5 1 0 0 >1 >1500 [250, 350, 450, 550, 650, o] 94-98
>175 >5 1 >1 >1 0 >300 [250, 550, o] 99-100
>175 >5 1 >1 0 >1 >300 [250, 550, o] 101-102
>175 >5 1 0 >1 >1 >300 [250, 550, o] 103-104
>175 >5 2 1 0 0 3001000 [250, 550, 650, oo] 105-107
>175 >5 2 1 0 0 1000-1500 [250, 550, 650, o0] 108-110
>175 >5 2 1 0 0 >1500 [250, 550, 650, o0] 111-113
>175 >5 2 0 1 0 300-1300 [250, 350, 450, 0] 114-116
>175 >5 2 0 1 0 >1300 [250, 350, 450, 0] 117-119
>175 >5 2 0 0 1 300-1000  [250, 350, 450, 550, 650, o] 120-124
>175 >5 2 0 0 1 1000-1500  [250, 350, 450, 550, 650, o] 125-129
>175 >5 2 0 0 1 >1500 [250, 350, 450, 550, 650, o] 130-134
>175 >5 2 1 1 0 >300 [250, 550, oo] 135-136
>175 >5 2 1 0 1 300-1300 [250, 350, 450, 0] 137-139
>175 >5 2 1 0 1 >1300 [250, 350, 450, 0] 140-142
>175 >5 2 0 1 1 >300 [250, 550, o] 143-144
>175 >5 2 2 0 0 >300 [250, 450, o] 145-146
>175 >5 2 0 2 0 >300 >250 147
>175 >5 2 0 0 2 300-1300 [250, 450, 0] 148-149
>175 >5 2 0 0 2 >1300 [250, 450, 0] 150-151
>175 >5 2 Ni+Nw+ Nees >3 >300 >250 152
>175 >5 >3 1 0 0 300-1000 [250, 350, 550, o0] 153-155
>175 >5 >3 1 0 0 1000-1500 [250, 350, 550, o0] 156-158
>175 >5 >3 1 0 0 >1500 [250, 350, 550, o] 159-161
>175 >5 >3 0 1 0 >300 [250, 350, 550, 0] 162-164
>175 >5 >3 0 0 1 300-1000 [250, 350, 550, o0] 165-167
>175 >5 >3 0 0 1 1000-1500 [250, 350, 550, o0] 168-170
>175 >5 >3 0 0 1 >1500 [250, 350, 550, o0] 171-173
>175 >5 >3 1 1 0 >300 >250 174
>175 >5 >3 1 0 1 >300 [250, 350, 0] 175-176
>175 >5 >3 0 1 1 >300 >250 177
>175 >5 >3 2 0 0 >300 >250 178
>175 >5 >3 0 2 0 >300 >250 179 24
>175 >5 >3 0 0 2 >300 [250, 350, o] 180-181

>175 >5 >3 Ni+ Nw + Nres >3 >300 >250 182




All Hadronic Stop Search
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CMS 137.0 o™ (13 TeV)
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CMS

137 fb™" (13 TeV)
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