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Evidence for Dark Matter

Large amount of evidence
from Astronomy and
Cosmology for the
existence of Dark Matter
(DM)

Density of DM today can
be explained if some high
energy interaction linked to
SM in early universe

If this is a mediator with
order 1 couplings, would
have mass around 100
GeV -1 TeV => “WIMP
miracle”
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Dark Matter at the LHC

* DM might be produced at the LHC
— could be detected as pr-'**°

 Many DM models also link to
other new weak scale physics

e Often leads to DM produced
together with top quarks

O

CMS Experiment at LHC, CERN

Data recorded: Wed Jul 8 19:26:24 2015 CEST
Run/Event: 251244 / 83494441

Lumi section: 151

Orbit/Crossing: 39572626 / 358

MET= 164.0 GeV

Electron
p; =577

Jet p. = 56.8 GeV

Muon p, = 53.8 GeV



Mono-top - Existing Results

e Some models contain FCNC
mediators

* Can produce a single boosted top
quark recoiling against pi'*

e Hadronic top most sensitive 0258 -1 10N

—— Median expected 95% CL

e Data-driven background
estimation

 13TeV analyses with 2016 data
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Search strategies
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New full Run 2 analyses
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Data / Bkg.

Both use DNN top taggers on large-R jets
AR=1.0(1.5) for ATLAS (CMS)

ATLAS categorises on number of b-jets (including inside large-R jet), SUS-23-004
CMS categorises in top tags
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Background estimation

* ATLAS estimate overall tt and V+jets rate using control regions
differing in Agy,;, (7, E7")

— Numerous dedicated VRs

* CMS use per-bin transfer factors from CRs differing in number of
leptons

gged jets
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Mono-top results
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Further interpretations

Forward
jet
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CMS 137 fb' (13 TeV)
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Measurement of SM tt
neutrino kinematics

Dileptonic SM tt has two

neutrinos
— Major background in both 2 and
1 |ept0n Channe|s (miSS- < CMS Preliminary 138 fb" (13 TeV)
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Wider context

* Many limits on DM from direct —10°% = DarkSide-50 OF MIGD
detection experiments S 10 e
* Can compare limits for specific g 10 |
mOdeIS o 10_40 PRL 131 (2023) 041002
0—41 — )™

* For simplified Scalar mediator modelv
LHC can improve exclusion at lower °

DarkSide-50 QF MIGD scalar mediator
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Wider context

* Direct detection less sensitive < ¢ — FomiLAT 5
to pseudoscalar mediators 10 — FermLATum
« LHC provides best limits within 810 N -
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* Flavour changing SUSY model => stops can
decay to top or charm

e Search for 1 hadronic top (boosted or resolved) h
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Putting it all together: t/tt+DM

* Spin-0 DM models can U TR o
produce both tt+DM and single ~ © 1o} beiownsen 720N
10 e, - E
top + DM (t+DM) e, T R

« Particularly helpful for high
mediator masses

e Much less boosted than mono-
top

g

e Categorisation in number of b-
jets and forward jets

* Combined search across all
lepton channels

16


https://cds.cern.ch/record/2895470
https://cds.cern.ch/record/2895470

| |1I3‘slfp'1‘(13| Tev) 133 fb (13 TeV)
] LR L E L ® L | B ER Pl

c ——— . c
& q0°f D e
— ﬁ o ;:alav E:y'all CMS % 103 +Dam i .zzy i CMS :
5 N ingle Top i @ 10
t/tt D M Y0k Wi Preliminary ] o o [ st mop i B Preliminary
10 Wl o Mo AH 2b SR 3 1w © " "™ DL +DM SR (SF) 1
Signal (scalar) Signal (scalar)
10°F ™ m,=100 GeV - 10°F = m=100 GeV
i O lepton] f 2 lepton

0 and 1 lepton channels use cuts
on kinematic variables and fit on

miss

pT 6,1T5'"'I""I""I""\""I'" &
_ o O R _é._i_{._}._H_ } |oé
— Per-bin background estimation % S g
from CRs OgsolHI3c|)o””35|o”|'4clno””45‘0""5(;0””550 == 8 Bk % F 5 8 W on E
. . « " Py [GeV] NN output [bins]
- Categorisation on “topness 138 " (13 TeV 138 1" (13 TeV)
=] — ——— .(. T ,) .::102-""|""|""|'"'\""\ """"""""
variable in 1 channel I . I A——— CMS
§ 10 + . CMS o} [ iEsess Expected (combination) -:--- Expected (0) Prelimina )
miss . . & OLDmueTop [ [Tawm Preliminary ] | I 68% expecied - Expected (11) ¥
e Pr " less sensitive in 2 lepton ol W M | B oy T
channel due to two neutrinos in o T 1 lepton e
SM tt 10° 3 [ %;jg:;M,m:mev ,-;‘_’.'-T'"""'I:‘A'V'f.' .....

32 R
l

;
=

- Use NN to maximise sensitivity ——— | ‘ ]

CMS g B
=2 | CMs-PAS- e = . _
' \ EXO-22-014 - — " a0 50 100 150 200 250 300 350 400 450 '500
17 F——— | Py GeV] m, [GeV]



https://cds.cern.ch/record/2895470
https://cds.cern.ch/record/2895470

138 fb” (13 TeV)
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* However couplings < 1 also possible ===

* 4 top and tt resonance searches
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Conclusion and Outlook

* Many models predict dark matter could appear in final
states with top quarks

* Full Run 2 searches optimised with machine learning and
advanced background estimation techniques

 Still phase space to be explored in Run 3 and beyond:

- Many analyses still statistically limited

— Cross sections for high mediator masses increase significantly
with collider energy
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ATLAS Monotop CRs and VRs
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ATLAS Monotop CRs and VRs
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ATLAS 1l stop boosted 2b-1t regions

> EREEERE EERE — 1] F — %) T T T
o B ® Data —SM 1 & C ® Data —SM 7 = 25 ® Dat —SM ]
(CD, 1400 ATLAS Wz lyy) P2l — ,_%J 60 ATLAS Wiz ) Pt = L‘I‘>J’ L ATLAS = tt; i Iw) WL ]
% - Vs=13TeV, L =140 fb" | [i3In Ml single-top E Vs=13 TeV, L =140 fb" 1L B single-top T Vs=13TeV, L =140 fo' [ AT I Single-top ]
-2 1200 CR boosted 2b-1t M W-jets  [@Others | 50:_ VR boosted 2b-1t Wijets  [@Others 20_ SR boosted 2b-1t M w+jets [l Others
0 1 - Low-my, ] = ] C e m(i,%))=(1200,200) GeV ]
400 C 7 40 Ka | m(,X})=(800,500) GeV ]
800 - - 7 ] C ]
600 3 ; I )
400 3 & » ]
- ] 5 _

200[— -
0 0

1.1E, < 150 7 ' ' z F ]
s g g 2 3
& 1 /AV// AR A / / 3 7 = 3 E
£ 0.9F 4 8 1 8 2F =
S 08 3 A, A 2 S —
E . i ; . i 3 0.5+ , - B |, e /}7‘/%;//////////////////////%
200 —150 —100 50 0 50 100 150 200 0.75 08 0.85 09 0.95 055 0896 057 0095 099 £
m; x q(lep) [GeV] NN Output ' ' ' NN Output

23



ATLAS 1| tt+DM 2b High Et™ss regions
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Stop - top+charm regions
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