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New particles at collider experiments

W Standard Model (SM) is successful for particle collisions

“ Direct observations of new particles

W Combine known particles to create “invariant masses” &
search for “resonance” enhancements above background

W or observe through unusual signatures in detectors
(anomalously high dE/dx tracks etc)

< Indirect observations of new particles
N Compare SM predictions with data
W Search for any discrepancy with SM background
W Explain using theoretical frameworks beyond SM (BSM)

No evidence yet but no shortage of models
predicting exotic heavy particles
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Standard Model of Elementary Particles

three generations of ractions / force carriers

neutrino neutrino neutrino

M? = (E, + BE,)* — |p; + po°

Invariant mass from known
particles with energy E and p



LHC limits for direct and indirect BSM searches

ATLAS

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
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W ~100 decay channels studied for various models that predict certain production rate
(extra dimensions, gauge bosons, contact interactions, dark matter, heavy quarks,
excited fermions, leptoquarks etc)

N Commonly excluded masses ~ 0.4 — 12 TeV
W But plenty of models that predict too small cross section for exclusion!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/ATLAS_Exotics_Summary/ATLAS_Exotics_Summary.png
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
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~ Run2 pp collision data-set, Vs= 13 TeV.
N Both experiments collected ~150 fb.

Typical search strategy:

W Select events with “X” (= jet, y, Higgs, top, Z, W)

W Veto other activity (u,e,..)

N Measure missing transverse momentum (MET)

Total Integrated Luminosity (b !)

CMS Integrated Luminosity, pp, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2018-10-26 08:23 UTC
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CMS Experiment at the LECICERN
Data recorded: 2015,dUF12°06:52:54677888 GMT
Run / Event / LS: 269862°/ 310157776 / 347

W Combine reconstructed objects — compare with theory expectations
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Search for high mass dijet resonances

Resonance

sreitt Shapes depend
on qq, qg and gg

Wigner

interactions

Mass

ATLAS JHEP 03 (2020) 145
CMS JHEP 05 (2020) 033

Physics of additional Z’'/W’ bosons:
(review by P.Langacker Rev.Mod.Phys.81:1199 (2009))

- Similar to the SM W/Z bosons (but heavier)
- Extending SM to group SU(3) x SU(2) x U(1)

- Sequential Standard Model

- Grand unified theories, fine tuning problem

- Extra dimensions
- Dark matter mediator etc. efc.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/
https://arxiv.org/abs/1911.03947
https://arxiv.org/abs/0801.1345

. . . ATLAS JHEP 03 (2020) 145
Jets orlglnatlng from b-quark ATLAS Phys. Re\s. D 1())5 (2022) 012001
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third-generation quarks for some modes 0 e o zz-'gmﬁzs ot
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g — Background
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2-b jet mass in - T o
events Wlth [0.73, 3.67] TeV ' [1.30, 367 TeV.
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FD Fit %2 p-Value: 0.89 | BH p-Value: 0.55

Significance

W No signals. Competitive limits for Z' — bb processes
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-09/

Top-associated production of Z’ ATLAS: ATLAS-CONF-2021-048

W Some BSM models predict ‘top-philic’ vector resonances that couple mainly to top quark
W Best sensitivity — both top quarks decay hadronically & spectator top decays semi-leptonicaly
W Use two large radius jets as proxies of the hadronically decaying top quarks (anti-kT with R=1)

Representative invariant mass

of two large-radius jets Experimental limits for ttZ

> 1 boosted jets
> 2 b-tagged jets

107
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N No excess above the expected SM background
W Competitive Run Il limits. Require more data to exclude ttZ’ production
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-048/

Searches for W’ heavy bosons - |

. . 138fb (13 TeV) 138t (13 TeV)
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mr = \/ZE,}“iSSpT(l — cos Ag).

1000

1 |
2000 3000 4000

1
6000 700
Mr(GeV)

!
5000

1072

CMS arXiv:2202.06075
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CMS: use transverse mass (mr) calculated from charged lepton and the missing transverse momenta

ATLAS: Search for heavy W’ decaying to boosted top and b-quark

% 10" g
(o] 10° ATLAS Preliminary
. y 8 Vs =13 TeV, 139 fo"
r \5
- 2]
All-hadronic W 5 2
’ =
E 103 ata-driven
10
2ahad I
- =
-2
-3
. 104
| @
| © 125
\ | 2
\ | e
\ / =
\ / o 5 4 ;|
\ / 1000 2000 3000 4000 5000 6000 7000
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m,, [GeV]

top+b jet mass

W'~ tb) [pb]
|

x B(

T
ATLAS Preliminary

Vs=13TeV, 139 fb"

= Observed 95% CL limit

—— = Expected 95% CL limit

[ Expected 95% CL limit +1c
Expected 95% CL limit +2¢
NLO W' cross-section (ZTOP)

I I I
2000 2500 3000

3500 4000 4500 5000
m(W' ) [GeV]

LHC data exclude M(W’):

< 5.7 TeV (lepton + v)
< 4.4 TeV (b-jet + boosted top)

Exclude BSM models:

< Composite Higgs boson models
< Universal extra dimension

< Effective field theory (EFT)

< etc..
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https://arxiv.org/abs/2202.06075
http://cds.cern.ch/record/2779178?ln=en

Searches for W’ heavy bosons - I ATLAS ATLAS-CONF-2021-025

Hadronic decays of tau-leptons

Challenging background! g i L {gi’%slTeP\r!elﬁgrgég = %3 e pertToave regime SRR =
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Jet ‘g - - Expected 3 NUGIM - GCJ
1 o ! . _12(; E ATLAS rv i T o
’)‘(“ —_W'SSM ; ==t ATLAS 7 ] %)
< 0y : i TR I
. ; — ATLAS 7v [36.11b"] | neree 7
= 10°2 PRL 120 (2018)1161802§_ A :::::23 EI&':(\S) _ g
’ l = R T =\ T W, Indirect (Z-pole) : g—
J S 8 St ATLAS rv 361167 Q
q vf g 10 PRL 120 (20?;(:;)1161802: ;)_)
- S e 10 i 2?3
& , E ATLAS Preliminary_1 . [lil-?tjw - 5
@ 10 g; 1|3HTE;;’ 139 %Jetbackground 107° v —_ i — — L i
2 o E Signal Region £ Other background 500 2000 4000 6000 2000 4000 6000
2 o /////lli?c{irtTa;r::;f my, [GeV] m,,. [GeV]
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107
:2 N Model independent limits
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-025/

Searches using di-jets + X

ATLAS JHEP 06 (2020) 151
CMS Phys. Let (2020) 805

W Additional object X (lepton, jet, photon) helps triggering events with smaller masses

(~ 300 GeV -1 TeV)
X= 3" jet

18.3 fb" (13 TeV)
H T T ‘ T T T I T T 1 T I T T T T I LI T T I LI T T I T T T T
%J 103;— CMS ¢ Data
2 Tk — Fit
S gtk e qq (700 GeV)
£ Eo%Se . e qq (550 GeV)
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10-‘1 E_ I]']1- 1’]2| <11
102
i
u‘.é 4
Sle 2
©| © ;
Qln _g =
-4 - =
_6 =

400 600 800 1000
Dijet mass [GeV]
W Several specific models excluded,
including technicolor, sequential SM,
H+, DM with associated W
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Events

X=e,mu Jet 1

107 —— Data
—— Background fit
x2indf=0.92

M;

Vs=13 TeV, 139 b

Jet 2

Dijets + e/

X = event trigger
A N 3
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~ E
©
Limits on
Sequential
Standard model at
1.5 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-32/
https://www.sciencedirect.com/science/article/pii/S0370269320302525#fg0010

Searches for Dark Matter (DM) at the LHC

W Overwhelming evidence for DM

W |f new particle — DM & SM particles in thermal equilibrium in the past
N DM abundance determines annihilation cross section at freeze-out
W DM is at electroweak scale? — within LHC energy reach

N LHC collides pp under well-controlled conditions
N SM particles can radiate other SM particles “X” (via ISR)
W Undetected DM — imbalance in transverse momentum

Adopt simplified DM model with a “mediator” V

“ g, (9,,) — mediator coupling to quarks (DM) gi“rnnplifgec:
modadeils
«m__ (mg,,) — mass of mediator (DM) i Y
gq
mmed
ATLAS & CMS: g =0.25 (S=1), g_=1 (S=0), g, =1 g ——— -
DM
['=minimum width formula M, V
. P
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Mono jet searches

N Mono jet searches rely on MET

W MET > 200 GeV for typical searches
N Challenging pileup and non-collision background

W SM background:

W Z(vv)+j —irreducible (real MET) —» MC with data on Z— || e B e
N W(Iv)+j, tt — reducible (loss of leptons from W) — MC

W QCD multi-jet, non-collision BG — data driven

ATLAS Phys. Rev. D 103 (2021) 112006

EATLAS |

T {5=13TeV, 130"
10° b Signal Region

sr P, (i) > 150 GeV

Events / GeV

4 Data
s> Standard Model w. unc.
Z{— vv) +Jets
VBF Z{= Il vv) + ets
W(— ) +]ets

ol S vvd vvowd cod vd ol vl vod s

Data/SM

N T Lokt 7 e
i — B — B — —T 3
i Total Uncertaint E
800 1000 1200
p_r:cm\ [GeV]

Typicai precision
for SM description

1500 —
- ATLAS
- (s=13TeV, 139 fb™

W Required high-precision SM measurements | Aiabvectormodiato

N Examples: =
< jet+y — missing NNLO effects for Z(vv) (CMS) e |
N WH+jet control region also for Z(vv) (ATLAS) S00r
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Dirac fermion DM
gq: 0.25, g"= 1.0
1000 |-95% cL limits

Expected limit+ 2 o,
Expected limit+ 1o,
- = = = Expected limit
Lo Observed limit (£ ooy ) 7|
==== Relic density,2,n* > 0.12
Perturbativity limit
ATLAS V5 =13Tev, 36.116" |

Heavy Resonance Searches
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112006

ATLAS summary (2022)
Dark Matter summary plots CMS summary (2022)

( X (= jet, gamma,Z,..)
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: Dirac DM . —— Observed
mz [TeV] =100

W LHC searches complement direct *
detection experiments:

W Strong (model-dependent) limits for low
mass m,, (<10 GeV)

== = = Expected

Boosted dijet (77 fb™)
[arXiv:1909.04114]

Dijet w/ btag (19.7 o)
[arXiv:1802.06149]

Dijet w/ ISR ] (18.3 6™
[arXiv:1911.03761]
Dijet (35.9-137 ™)
[arXiv:1806.00843]
[arXiv:1911.03947]

DM + jiV(qa) (137 fo')
[arXivi2107.13021]

W Strong limits for spin-dependent DM-
nucleon cross section 400

W Comprehensive searches for DM-SM 200

. 4 4 ' DM + Z(II) (137 16
mediators % 500 1000 1500 2000 2500 3000 3500 4000 4500 [arXiv:2008.04755]

Mediator mass M __ . [GeV]

Dark matter mass M, [GeV]

Mypeg = 2 X My,

Q. =012

DM + 7 (35.9 fo')
[arXiv:1810.00196]

med
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http://cdsweb.cern.ch/record/2798737/files/ATL-PHYS-PUB-2021-045.pdf
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV

Resonant production of DM candidates CMS CERN-EP-2021-252

W Heavy leptophobic Z' mediator can decay to two
"semi-visible" jets, containing both visible matter and
invisible dark matter (“dark hadrons” from “dark quarks”) G NI

W Train BDT to separate SM and wider “semi-visible” jets

a X
CMS 138 b (13 TeV)
- a — 1 r . 1 T T T 1 T . 1]
. eMs L 138®T(13TeY) g8 95°% CLupper i BDT-based
.E High—RT Signal (m,, = 20 GeV, ; m :Observed (u:psfﬁk} — Theoretical o ]
) A ¢ Data f =03 o _ape.ak) o) Expected (7)) = Observed (o,7) ]
% 10°k —q.(x) n','lw _: 2'1'-[;‘;‘.}" - oan | [68% expected (of5%) - Expected (of}2") _:
© 1 Ny = 246135 mi =3.1 TeV E Dr9n5°”° f";g‘g:’l ([:EZ.T_)OS *g:see;’:j((jh:k;
- s [l Uncertainty [g_(x)] - m, = 4.1 TeV dark = Py = ¥ P dark) ]
S Ll : 107
ETOF LN ; _
Z L W,  8(x) =exp(prx)al i@l 102F
10g: L E :
: . 105k
oy ‘.‘\‘. A =
3 et
-!!!.... 2 3 4 5
. s e mz [TeV]

10—1 -l ol e E J: :-‘iiliii N RN EnA !uulll . . ’ .
S _ Limits for Z’ mass for m..x=20 GeV and fraction of
WLlg of E stable invisible dark hadrons
-lglom Oim_-!—-‘-ltrl}lun-_l‘hﬂ ..... nr=n. a0 [l nn f
ol -2k e S Complement DM searches using missing

. momentum and initial-state radiation
Dijet transverse mass m; [TeV]
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https://arxiv.org/abs/2112.11125

BSM particles decaying X — YY /YH

CMS CMS PAS EXO-21-010
CMS CERN-EP-2022-034

W Resonant pp - X =YY — (jj) (jj) & Non-resonant pp— YY — (jj) (jj)

W Scan a values (average mass of the two dijets divided by the four-jet mass)

. 138 b’ (13 TeV)
< 1 03 ‘ ; —
o 10 CMS pPreliminary $ Data
E 10° — L0 QCD MC
o 10 o> 0.1 ... PowExXp-5p fit
= 1 — ModDijet-5p fit
_g 10" --- Dijet-5p fit
B 1072
O 10°°
1 0_4 .....
107°
1 0—6 Diquark: S — yy — (ug)(ug)
2 F — M(s)=86Tev
10 gF " M(S)=50Tev
10 e M(S) = 3.0 TeV
10°°

M(y)/M(S) = 0.25

o . N
—T 7T

|
[y
T T

(Data-Fit)
Uncertainty

|
A*]

2 3 4 5 6 78
Four-jet mass [TeV]

W pp—X (scalar)— YH— bbbb

N Boosted regime: 2 large R-jets —

Argonne &
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pt=
Mass

Dijet Pair 1:

3.49 TeV
= 188 TeV

Wat LHE, CEF
aaaaa

First model-independent upper
limits at 95% confidence levels +

Dijet Pair 2:
pt=345TeV
Mass = 1.86 TeV

RN

R-parity violating SUSY

. 138 fb-'(13TeV)
s OFT ' ' © My=1600 GeV |
o E %= ev 1 =
% CMS + paa —My=150GeV | B
5 U F tt My=2000 GeV | %
W . Multijet 7" My=300 GeV =

10%g 45 Total bkg. My=3000 GeV 1

F “ uncertainty 77 My=400 GeV
108k

d(pp —+ X — YH — bbbb) = 1 fo

R EPEPEPEPI EPEPEPEPI B B B
1500 2000 2500 3000 3500 4000
MJJ[GBV]

Heavy Resonance Searches

138 b (13 TeV)
E 1||||||\|||\||\|||\\|||||‘\|||‘||\|§
= .. CMS Proiminary Y = XX = ()i
T Al O
107 95% CL limits E
o —— Observed ]
X4 0_2 8 Expected £1s.d. _|
------- Expected + 2 s.d. 3
10°3 M(X) / M(Y) =0.25 ]
10 5
10_5 ----- Diquark: S — ¥ — (ug)(ug) ;
¥,~04,y =06 5
1078 PPN AR FESPIT RTINS IPRPRPETN AR AP AP
2 3 4 5 6 7 8 9
Four-jet resonance mass [TeV]
138fo" (13TeV) .
7 LA AR R
CMS ——- Observed for NMSSM

—— Observed for TRSM

on a(pp = X = YH — bbbb) [fb]

10!

>
Observed exclusion limits at 95% CL

<

95% CL exclusions for Mxand My

15


https://cds.cern.ch/record/2803669/files/EXO-21-010-pas.pdf
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-21-003/index.html

WW, WZ, ZZ, WH or ZH resonances CMS CMS-PAS-B2G-20-009

~ For heavy resonances, each W/Z/H decays to large R-jet (AK8)
W Hadronic decays of W, Z, and H bosons identified using ML

W Measure masses of 2 jets (mys, my2) and dijet mass (my,)

W Simultaneous 3D likelihood fit :

138 b (13 TeV)

138 b {13 TeV)

a CMS ———— Observed o Observed
= Preliminary it = iati
1 = B Expected + 1 std. deviation = Expected + 1 std. deviation
1 38 fb (13 TeV) g ----- Expected + 2 std. deviation g -----. Expected : 2 std. deviation
% 107 T T ¢+ Data I J T BB o« BRRad-VV) T i B o« BRG,, VW) K=05
0] CMS —— Background fit Eh 207
.. Ly =
S 10°k Preliminary 15 + 1o unc. T o
— ---- Wjets g 31
"“m" 1 05 55 < Mgty < 215 GeV I Z+jets = =1
T 85 <m, <215 GeV — 1 o x
2 10 [ Z (3 TeV) — ZH
LUl - (x 20) 1
3
10 DY/gg VH HPHP category G
PRI I ! Lol I Lo I :
2 15 2 25 3 35 4 45 5 55 B . X 3.5 : .
107 Mg, [TEV] MGBuk [TeV]
10 10 138 o (13 TeV) 138 o 13 TeV)
ET T T T T T
a [ CMS ———— Observed )
1 '_%" 1; Preliminary S Expecied + 15td. deviation %
§ E =s=- Expected + 2 std. deviation §
4 ; ¢ BROVVVAVH) VT, ; L oy, BRIVSVVVH) HVT
:?' 2 ] =10 >1
E [} 0 f— T T
al -2 . Z10%k Z10°
-4 [a] s}
2 3 4 5 6 EIE'1 O :32’10'a
Dijet invariant mass [TeV] 5 .
L o
107 10
W No evidence for new resonances

15 2 25 3 35 4 45 5 5.5‘ 6
M, [TeV] M, [TeV]

15 2 25 3 35 4 45 5 55

]

W Largest deviation at ~2-3 TeV has ~2.3 o (global)
N Competitive limits for several BSM signals (including VBF mode)
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https://cds.cern.ch/record/2803845

Resonances decaying to W bosons CMS CERN-EP-2021-253

W Search for Kaluza—Klein excited vector boson Jet g Use large Rijets (AK8) 4
resonances, Wk — RW — WWW (R is a scalar q g
radion w w

| ) . Wk Jet Wkk
W No signal-like excess over the background N q W
. R
; : w ! w q

> : : . 138 fb " (13 Te\g 5 ; , ya—r 138 fb " (13 TeV) Q'

E o CST:" -t _; E 35 CSTMS M-l q Jet —/q Q)

3‘120 = glz:rg(li\t‘-', V+jels)- —: g ? = tCt),l::rg(l\ef\;, V+jels)r ]et q, q (V)

2
@ 80 i eee My, = 2.5TeV, my=125TeV 138 fb" (13 TeV)

My, = 25TeV, my =125 TeV

pp* W= WR- WWW
gl 3== Expectedthmgm. vk

{5+ (Data-Prediction)/ogf] -

== Observed limit o
10

”.-' 5 R
T D T T T : 0 T T
S 4 "
= 3 e _ ﬁ E{_% .JI.L+ 11Jl..+‘r+{ 1§+‘{++++.“+.\11j
of T4 } ' 1 A LA LA ARERARE 25
4_

/G,

Ll

% Ooye/Osrar |

-4 . ) e Ch

95% CL upper limit on cross section (pb)

T Tev) L L Y= 7 46
15[ -
W First results using jet measurements ; -
W Technical advances: |
N Novel jet substructure techniques 0'5_' e
N Dedicated “radion” taggers based on ML S 7 J T S N T S S V- S

m,, (TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-002/

Combination of searches for heavy resonances  ArLas-conr-2022-028

W Uses 16 (orthogonal) ATLAS publications during 2018 - 2022

N Combine bosonic decay modes qqqq, vvqq, vqq, Yqq, W, qqbb, vvbb, tvbb

W Results are interpreted in terms in the context of Spin-1 Heavy Vector Triplet (HVT)
W V’is collectively denotes W’* and Z’

o= o I A N A [ S LI R BN g
- - ATLAS Preliminar_y %ZIY&L .
8 102— Ys=13 TeV, 139 fb  WZ o vag E
N = WZ - vvqq 3
: X::n:l;izzquVT Model A :
Analysis leptons  Ef, ... jets b-tags Discr. 1E — =
WWIWZIZZ — qqqq 0 Veto >2] - myvy - \70 E
WZIZZ — vvqq 0 Yes >1] 0 myy 10*‘% -------------------------------------------------------------- —g
WWIWZ — €vqq le, 1u Yes >2j,>1] 0,1,2 myy i N 20 T
WZIZZ — (lqq 2e, 2u - >2j, 21] 0 myvy 102 -
WZ — vl 3C(e,u) Yes - 0 myv - .
WHIZH — gqbb 0 Veto >2] 1,2 my g 10—30'1é513é0
ZH — vvbb 0 Yes  >2j,>1] 1,2 my g (V') [TeV]
WH — €vbb le, 1u Yes >2j,>1J 1,2 my g
ZH — (fbb 2e, 2u Veto >2j.>1] 1,2 myg Typical example of p-value scan over the
7y le. 11 Yes - - . HVT pole masses up to 5 TeV
TV 0 Yes - - mr
7 >2e. 221 - - - — Scans for only-leptonic channel is

extended up to 6 TeV (higher statistics!)
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Combination of searches for heavy resonances aras-conF-2022-028

W Results interpreted in terms of exclusions limits on masses and coupling constants
Weakly Coupled HV7—-A Coupllng ww VV (Obs, 3.0 TeV) = \/H (Obs, 3.0 TeV) e \'V+VH (Obs, 3.0 TeV)

= ——— T T T G W (Exp, 8.0TeV) v VH (Exp,3.0TeV) e VV+VH (Exp, 3.0 TeV)

""._.: 105 ATLAS Preliminary Combined Obs 1 I'/M > 5% [ EW fits 3 TeV

> Vs=13 TeV, 139fb" — (E::::::It:?jdLiE:lli)l (*10)

’[‘ 104 [ Expected Limit (+ 20)

a . ——— HVT Model A

(o} N T VV+VH Exp

% 10° " —rmom llslvaty Exp

Constraints from
EWK measurements

See other channels
1 & masses in the
original CONF note

10" V> W+ VH + 1l + v +1v
iiop e Iy g g | g s g ] ggopn by s | g g gl g
0 1 2 3 4 5 6
m(V’) [TeV]

Strongly coupled HVT-A coupling

L B o e ey o S B s s s e e
ATLAS Preliminary

g 5 Combined Obs
T 10 r= , E Combined Exp " . .
3 1o I = E.‘I:S ;:E:IE;;’) Typical exc_/us:ons for 3 TeV for {gH , gf'} for
g i VP e qq production mode
© 1 03 9 p—
10?

N Combined results strengthen the constraints on BSM
S physics and allow expressions of constraints in terms of
couplings to quarks, leptons and fermions

10 TN

1

107 VS W+ VH+ I+ v +1v
S S
m(V’) [TeV]
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Conclusions @

ATLAS w48

W Extensive program for searches for new heavy particles
w Refined studies with complex final state (jet, top, vy, tt, W, Higgs, etc)
W Mass reach extends up to 8 TeV for many inclusive jet/lepton studies

W Constraints on simplified DM models that complement direct detection
experiments:

w Strong (model-dependent) limits for low mass m,, (<10 GeV)

W Strong limits for spin-dependent DM-nucleon cross section
N Comprehensive searches for DM-SM mediators
W Combination of Run 2 searches for heavy resonances the context of HVT
W Stay tuned: Ongoing analysis using full Run 2 data
N Opportunities at Run 3:
€ 13 TeV — 13.6 TeV CM energy — Can translate to ~1 TeV in mass
W Increase in luminosity (x 2, statistics!) reach for some channels
W Cutting edge analysis techniques
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Run: 329716
Event: 857582452
2017-07-14 10:48:51 CEST

EXPERIMENT
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Non-resonant multilepton probes

W New physics may show up in deviations over
expected rates (wide resonances, non-
resonant production etc)

W More elusive for direct production, but:
W can have larger cross section
W affects the measured distributions

W Look at production rate of 3 or 4 leptons

N 22 event categories according to the
number of leptons in the event, the missing
transverse momentum, the invariant mass

of the leptons
W No deviations from the Standard Model

ATLAS CERN-EP-2021-063

Non-resonant production

See M.Folgado & V.Sanz, Advances in High Energy
Physics, Volume 2021, Article ID 2573471,

Heavy < Broad @ Heavy

| heavy

N\

Mass
O ET I T T T T 1 T T T T T T T T 1 T
c ATLAS e Data (Owz mzz
g 10° Vs = 1.3 TeV, 139 b [ Fakes [[JTop [Triboson
L posi-fit SRs 7/ Uncertainty
3l, on-Z 31, on-2 3l, off-Z 3l, off-Z 4, on-Z . 4l, on-Z . 41, off-

4 . .
10" EEm (50 Gev: ET™ >50GeV | ETS<50GeV : EM™ 550 GeV | EM < {ETS 5
; 50 GeV : 50 GeV

<Y N

Data / Bkg
(=T

ANV st MY s MNVYVAYA YA

m,, [10° GeV]
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https://arxiv.org/abs/2107.00404

. CMS CERN-EP-2022-008
Non-resonant multilepton probes TR RV H S

Example: Leptoquarks

W Events with at least 3 leptons

W Boosted decision tree to define signal regions. . .
W Observations are consistent with the SM qQ
W 95% CL limits for Leptoquarks (<1.4 TeV), Type-ll| < b

~
~
~
[] L] a0 N
W
seesaw heavy fermions (<1 TeV), Vector-like 5 W
1 vV
fermions (<1 TeV) :
¢
10 138 b (13 TeV) 138 b (13 TeV)
% EI L L P L :a‘- = LA LA UL BLELELE DL LA LR BN BN = 1pp-»LQ;LQ;,aII<:ontoursat95°/oconfidenceIevel March 2022
E E' 3 S Cm— v C e
g 10 %’ CMS a 3 CMS 3 1 09; ATLAS Preliminary
© 10°F 4L, 3L1T, 3L, 2L2T © ek teptoquark: Bu=1.8=1 1 B an Vs=13Tev, 139"
3 E _ =
% 10° E-_. 2L1T, 1L3T, 1L2T ey — o(S5) . ] observed
L% 10° ;_“'*_'_ ? 95% CL upper limits 3 ,l - expected
E - 10 —e— Observed E ! B
L - 1,1 TeV]x 10 E B
10° E e, ] BN Median expected "‘i bty
b s 3 B 5% cxpecied ! [STprO;M (2021) 112005]
E — -1 L o )
10 m i 107 e 95% expected = [EPJC 80 (2020) 737]
L b b Pww o b v P by Pl by = E ATLAS, 36.1 fb™ (obs.)
D_ 2 E T I LI} I LI | LI I LI | Iil L} ||| L I | LR I ey = 10_3 ;_ E [JHEP 06 (2019) 144]
Lﬁ1'5__ *++} * F o L -
@ 15’ """" ey +i{ 104 &= 600 800 1000 1200 1400 1600 1800 2000 2200 2400
0 °SF i i m(LQ}) [GeV]
0 Ll I 111 I Ll 1 | 111 I L1l | L1l I L1 | I | 1075 ;T L L1 I L I | I ‘ I I

0 200 400 600 800 1000 1200 1|40{|)|1l60(IJ Lis;)g;;(;()( 200 Aoo 600 '800"1'0061'20;:)'1'40'()'1:'01('2::;2'\0/0;0 ATLAS updated Summary
S .
for pair-produced scalar

third-generation up-type
Hris the scalar pT sum of all jets gleptoquarksp yp
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https://arxiv.org/abs/2202.08676
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-0
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