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'Highlights from LHC Run 2 and
prospects for Run 3

> 1000 physics publications
m ATLAS and CMS

o Higgs boson

o Top quark

0 Other SM measurements
0 Searches

m LHCb
m Prospects for Run 3
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'The LHC in Run 2

Excellent performance of the machine
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[Excellent performance of the detectors

Results from Run 2 only possible thanks to excellent understanding of detector
performance, and development of reconstruction and identification algorithms

CMS
| Low bremsstrahlung

| —+ Data
| —+ Data (Legacy)

I
g
o

AL T T T

r CMS Tight Id, p_ > 20 GeV
—=— Data 2016GH
—e— Data 2017

—=— Data 2018

f,b“‘(1,3‘T?V‘) 2017 .8 fo (2018) + 41.3 b (2017) + 16.3 fb' (2016)
T T T T T T

—
Y
[6)]

L L o e e
+ ATLAS Preliminal Vs=13
[ b-jet Calibration with tt Events

1.1 DLir g, =70 % Single Cut OP —

T
TeV, 139 fb"

ATLAS Simulation Prelim

._TID RNN

w
I
1

\

1.05 Preliminary

Efficiency
rejection

[ antik, R=0.4 EMPFlow Jets
r —— Measured Scale Factor (total unc.)
1 05__ Smoothed Scale Factor (total unc.)

had-vis

|

iy
TTTTTTT

f
H-]f
t
t
{

0.95

Fake t

0.9

' b-jet Efficiency SFs

r — RNN (1-prong)
----- BDT (1-prong)
e Working points (1-prong) .~
—— RNN (3-prong) 0.95
ro BDT (3-prong)
= Working points (3-prong)

Muon Tight ID eff.
"

l

0.85

385

1.05F

b-tagging

]

#

3
]
w
[7,]

=3

g
=Y
c 0
o o
o
mg// /
Ratio

N
(4]

N N RS N RS R W N
0 01 02 03 04 05 06 0.7 0.8
0.95F b True t
0.9F =

ef

i||||||\‘\\\l‘||||||\\\‘\\\\|||||‘\\\\i
50 100 150 200 250 300 350 400
p, [GeV]

had-vis

2

=2 -15 -1 06 0 05 1 15 2

=
=
c
=]
3
E

CMS Simulation
T T T
| Hjets - b E
pr>20 GeV [

Il udsg ]
~=- DeepCSV
—— DeepJet ]

0.96

wf|, C-tagging | c-tagging

0.20[ B 0.92

0.9
0.88
0.86

2017 (13 TeV) CMS Simulation 2017 (13 TeV)
T T T T

T
tjets - b
7pT>20 GeV [

' B udsg
~=- DeepCSV
—— DeepJet ] 0.98

4
@
&

T T 1 1
12 LHCb Prelimi O 0O ALLK-m>0
- Ys=13 TeV, 2018 Data ® N AILK-m)>5

LHCb preliminary

= =
- 8 g

AL AL LARRRAD A AR LA L

o
=
S

Fraction of jets
g
7
Fraction of jets
Efficiency

o

N

a
T

o

@

=1
T

Efficiency

—

—
-
- —— ="
0 8 -- -
- ——

K—K -
Muon ID eff. —uspu 06 -
—— 2018 MC PID eff- -

| ! | | |
20 40 60 80 100 120 140 160 180 200 o
p [GeV/c] -

0.15[

0.10HT]

0.0 02 04 06 08 1.0

s
0.0 0.2 0.4 0.6 0.8 1.0
CvsL CvsB

60 80 100
Momentum (MeV/c)

A very highly efficient object reconstruction, with a percent- o2 W
level (or better) understanding of this performance in data.
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Higgs Run 1 Legacy

ATLAS and CMS - ATLAS+CMS
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The first Run of LHC

firmly established the

observation of the Higgs

boson:

> independently in the
bosonic channels

» coupling to third
generation fermions
in combination

First precision
measurements (Cross
Sections, Mass)

Scalar nature confirmed
(0+)

First constraints on the
total width
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https://cds.cern.ch/record/2158863?ln=es
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-018/index.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.191803

Measuring the Higgs Mass and Width

<14o o (13 TeV)
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(Phys. Lett. B 805 (2020) 135425 ) (Evidence for off-shell HZZ production)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-013/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-013/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-013/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-013/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-013/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-013/
http://dx.doi.org/10.1016/j.physletb.2020.135425

Differential Cross Sections

Moving on from simply quantifying the agreement with the
SM, Higgs cross sections are now measured differentially.

Both in especific bins of fiducial phase-space (STXS) and in

terms of kinematic observables (py, angles, Njes,...)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-002
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-002
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Coupling to Fermions: 3"9Gen

Independent observation of the coupling to b, t, top

CMS Preliminary ~ 13710" (13TeV)

Eur. Phys. J. C81, 178 (2021)
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Beyond observation,
decays to fermions of
the 3 generation have
now also entered the
precision realm

Cross Sections (including
fiducial, differentials and
STXS), CP studies

PhysRevlLett 125 061802
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010/
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[Evidence for the Higgs coupling to muons
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Evidence for the Higgs coupling to the 2@ Generation!
CMS: |J.=1.19+0'40_0_39 (Stat)+0'15_0_14 (Syst)
ATLAS: n=1.2+0.6
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-006/index.html

TOP QUARK

~ 120M tt pairs,
~ 30M single top,
~ 120K ttz, tZ
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"Top quark

Top Quark Production Cross Section Measurements Status: May 2021

ATLAS Preliminary
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Inclusive tt cross sections

ATLAS+CMS Preliminary
LHCtop WG

G, Summary, Vs=13TeV September 2021
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€+jets topology
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TtV (ttW, tWy, ttZ, tty)

Probing top-electroweak couplings, which can be modified by BSM effects .
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-010/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-08/

top properties

Direct measurement

mMC using reconstructed decay

products

Indirect measurement
Extract m, in well defined

renormalisation scheme (pole, MS, ...)
measuring cross section with direct

sensitivity to my
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subGeV precision reached in

single top (t-channel events)

Spin
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+ charge and energy asymmetries, Wtb-
vertex structure, spin and CP-violation...

Polarization in
single top t-
channel events

From the distributions
of the direction cosines
of the charged-lepton
momentum in the top-
qguark rest frame
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QCD (o and proton PDFs
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Overview of CMS cross section results
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Measured cross sections and exclusion limits at 95% C.L.
See here for all cross section summary plots

Inner colored bars statistical uncertainty, outer narrow bars statistical+systematic uncertainty
Light colored bars: 7 TeV, Medium bars: 8 TeV, Dark bars: 13 TeV, Black bars: theory prediction
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‘ Di(m U Iti ) boso NS WW, WZ, ZZ processes well stablished

WZ -> 38 v Total cross section

Precision test of the EWK sector: Polarization of

v Sensitive to higher order QCD/EW q == — R W bosons
corrections at TeV scale eee NS 19711 (18 ToV)
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v' full-leptonic and semi-leptonic final states
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Phys. Lett. B 798 (2019) 134913

Much progress also in Wy, Zy, Wyy, Zyy
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-014/index.html
http://dx.doi.org/10.1103/PhysRevLett.125.151802
https://www.sciencedirect.com/science/article/pii/S0370269319306355
https://arxiv.org/abs/2201.13045

Vector Boson Fusion and Vector Boson Scattering

_ _ _ Purely EWK processes Experimental signature
Triple and quartic VB gauge self-coupling

not yet well known qC(|l->Z qq (VBF) qq->W*'W*qq (VBS) cnpcar  maree ENDCAP
Very clean theoretically: Strenghts tog—fet 77‘/ thy—jet
determined by non-abelian SU(2) . L ST
structure l ¢ v

At the LHC processes with: ﬂ)

v" Small cross sections _ VBS EVENT TOPOLOGY
v Subdominant wrt competing V or VV and 2 jets from the scattered quarks

Large dijet rapidity difference|An;| and/or invariant mass | m;|
TGC and QCG diagrams at the LO (direct access to self-couplings)
VBS WXW=-> £+ €*2v and WZ-> 38v

processes.

. CMS 137 b (13 TeV) CcMS 137 b (13 TeV) CMS simulation (13 TeV)
) ' ‘ \ +Dalla 1 _% ' ' ‘aa b :- oo I 11 L U
F Sug 2 Shour e | <0T oW WIW=
5 N EWK WZ 2 150 ther bkg- -z — 0-16:_ — EW W;W,_ - - E HH °e °e
w -;vzz B w -'zé" . : 014} P EWW$W$ _’i ZZ_IJ, zyll’ Wyjl at the
[ Nonprompt WZ I tvx prome : F _|_+ : I I
0.12 e i leve Of
0.1 — . ° °
. ooef, —Feme+=== evidence/first
0.06F —— E ; ;
: - | observation: first
. 0.04, —+ ]
% 15 F ] % 15 :—'—l'—"’—: 0.02F - measurements
T s ® i 8 e o R ] :....IH..IH..I.‘HI..H\..HIF
g 1 t3 ’% 8 1:, + i it ] 00 0.5 1 15 2 25 3
700 200 300 200 500 3 =3 ) 05 3 Aq)"

m, [GeV BDT score

2.60 obs. significance for W Wy

imultan xtraction of h signal
Simultaneous extraction of both signals Phys. Lett. B 812 (2020) 136018

Phys. Lett. B 809 (2020) 135710
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http://dx.doi.org/10.1016/j.physletb.2020.136018

SEARCHES, SEARCHES, SEARCHES
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'Supersymmetry

Search program split by SUSY particle NLO + NLL, pp, Vs =13 TeV
production 80t —— %% (higgsino-like)
Strong + stop: S E.\ —— %7 (wino-like)
. g 10 —
v Largest cross section - \\\ 9
. . . ® ==="1 tsingle generation)
v Events with many jetsin final state &~ =\ "\\\ SroegseEe

a4
Electroweak + slepton: \\ ;;\ ¥)
11

v Smaller cross section \\\\\\

v" Final states depend on decay of 107 s N
bosons 102 \ \\

v Leptonic final state 107 lpasnnnnsdngaransivagss
v Semileptonic or hadronic 1o E-EVENtin 2015-201

—5 T R [ '
. . . 10 1000 1500 2000 2500
Improving existing tools to increase SUSY particle mass [GeV]

sensitivity to signal slepton: EWK: stop: squarks: | gluinos:
0.7 TeV 0.95 TeV 1.3 Tev 1.85 Tev 2.2 Tev

New decay modes

New final states
The Higgs boson is now part of the game
Cascade search with additional Higgs bosons

- S
=
/,

-

Simplified models and new interpretations
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‘Electroweak production of charginos and

Category Requirements
n e u t r a I I n 0 S 2(SS  Two light leptons with the same sign
3CA Three light leptons including one or more OSSF pairs
3(B Three light leptons including no OSSF pairs
: : . : 3(C A pair of light leptons forming an OSSF pair and a 7, candidate
Multi ple sIgn atures: 38 or 48 with u P to two 3¢D A pair of light leptons of different flavor and opposite sign and a 7, candidate
h ronicall in | n rtw me- 3(E A pair of light leptons of same sign and a T, candidate
.ad O cally decay g1 epto > 0 two same 3(F A light lepton and two 7, candidates
sign li g ht le pto ns 4G Four light leptons including two independent OSSF pairs
4/H Four light leptons including one or less OSSF pairs
i P 41 Three light leptons and a T, candidate
Inte rp reted In terms Of mu ltl P | e mOd els 4/] Two light leptons and two 7, candidates, including two OSSF pairs
¢ 4K Two light leptons and two T, candidates, including one or no OSSF pair
arXiv:2106.14246 - // ‘ .
o ¢ X
b NI ' D :
% \'\ :  WH-mediated
~~ t-enriched slepton- » 7 -\\ 1
slepton-mediated mediated we
CMS 137 fb (13Tev) CMS 137 fb (13 Tev) ) CMS 137 b (13 TeV) X
=~ T o pE "0 5 < s 510" 5 o 20 PR - w - = 10
o 1800 pp - 7%, - Wi, BR(;z—>||)1m 05m~+05m_o ] s ,pp_>xx — T, BR(z—m 1m_05m~+05m~a, E = > pp — X%, > WHI X, E
g 1400 '_ === Observed * 1 Siheory (NN)  NLO+NLL excl A 2 g [ === Observed *+ 1 Sineory NLO+NLL excl. 1 7 2 g == Observed * 1 Siheory NLO+NLL excl. 7
EC?X' [ 222 Expected = 10,0 mem (NN)= Expected (SR) ] 3 Ec"‘r [ 222 Expected + 16, imon — JHEP03(2018)166 obs.| 5 I EC;P{ 222 Expected + 16,0 imeny = JHEP03(2018)166 obs. 5
1200~ — JHEP03(2018)166 obs. . - 600 =L 7 310
F 149" 8 i 11 ¢ 1
1000 - N g : ] {,..__: tttt o ] g ]
aooi— ,./"/: —; é 4001 E 102 E F 13 102
600 i_ { _i 107" g_ i E a-c';_ E
C R | [} [ o
400 /= > 200— =10 2 - 4 =10
c e o i 1 ° =
2001 [ I N s 3 2 ]
- BE & 1 & /\ ]
0 IS Y (YU NI BRI S B LY.L 1072 1 o S A [ B "\ 0 L | | _I.1
200 400 600 800 1000 1200 1400 200 400 600 800 1000 200 400
m: = M. GeV) m: =M (GeV) m_+ =me (GeV)
1400 GeV — 1000 GeV 400 GeV
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-012/index.html
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Dark Matter

Mono-X signatures

SM = mediator > DM SM = mediator — SM

=

mono-jet, mono-
photon, mono-Z,
mono-W, mono-H

dijet, ditop, dilepton
resonances

5 DM Simplified Model Exclusions
T T

/

ATLAS Preliminary March 2017
T T T —_ Dijet
Vs =13TeV, 37.0f0"
arXiv:1703.09127 [hep-ex]
— Dijet 8 TeV

\s=8TeV,20.3fb"
Phys. Rev. D. 91 052007 (2015)

DM Mass [TeV]

0.8 ~— Dijet TLA

Vs=13TeV,3.41b"
ATLAS-CONF-2016-030
— Dijet + ISR
\s=13TeV, 155"
ATLAS-CONF-2016-070
— —miss
ET™+y
\s=13TeV,36.4fb"
CERN-EP-2017-044

= EP4et

Vs =13TeV,3.21b"
Phys. Rev. D 84, 032005 (2016)

March) 2017

0.6

Dijet + ISR

Dijet

0.4

Axial-vector mediator, Dirac DM
9,= 0.25, 9= 0, 9,

All'limits at 95% CL
I 1

1
1.5 2 25 3
Mediator Mass [TeV]

Visible (resonant) signature

m, [TeV]

Mono-Z: Z+E{™iss,

Z-> 28~

med

arXiv:2111.08372

q X
E o 107%
10 ATLAS 5 1% ATLAS
e §D Vs = 13 TeV, 139 fb” < 10 {5 =13 TeV, 139 1"
102 Axial-vector mediator, Dirac DM £ 10 Vector mediator, Dirac DM
10 9,=0259 =1,9=0 2 0% 9,=0259,=1,9,=0
wF —— Observed 90% CL 3 107 —— Observed 90% CL
0T E LUX 2017 & 10 -- XENON1T MIGD 2020
109 XENON1T 2019 10995 . Darkside-50 2018
B . N PICO-60 C,F, 2019 10 LUX 2017
e e PandaX-Il 2020
E XENON1T 2018
B 1042
E 109 E
E B
E e N e
- el e
E e
1043: vl vl | pol DT e S TY1 E S Y T71 B N W 1| B AR TTY] S AR
1 10 10% 10° 10* 10° 1 10 107 10° 10¢ 10°
m, [GeV] m, [GeV]
1.6¢ AT \ J‘ u ] — Dijet
LJATLAS Prelimipary 1 reowtier oo eom e
- s / 1 q4 m
1.4HV8 = 113 TeV, 29(3-139 b - Dijet TLA
5 0 2022 B 7 4 293 1™, PRL 121 (2018) 081801
Euanu 2 4 .
g ry eBes’ |/ 1 — Dijet + ISR
1 2 = — 79.8 1™ PLB 795 (2019) 56
g ! ] = Boosted dijet + ISR
L - 36.1 1b”'; PLB 788 (2019) 316
15 —] = Boosted di-b + ISR
L . 80.5 fb”'; ATLAS-CONF-2018-052
0.85 ] = ttresonance (1L)
R e 36.1 fb"; EPJC 78 (2018) 565
E 7] — ttresonance (OL)
O 6 = NE — 139 fb"; JHEP 10 (2020) 061
.6 2 .
S8 = ] = bb resonance
= 5 - 139 1b"; JHEP 03 (2020) 145
0.4H & 4 — Eriet
= [ . 139 fb"; PRD 103 (2021) 112006
0.2 s Axial-v irac DM_— — E7%+y
&9 gq =0. i 139 fb"; JHEP 02 (2021) 226
El.ﬁ/ - Al limits 1 — ET*+V(aq)
1 36.1 1b™'; JHEP 10 (2018) 180

o

0.5 2 25 4 m=erez()

139 fb'; arXivi2111.08372

Leptophobic axial-vector mediator simplified models
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-26/

Can the Higgs decay to Dark Matter ?

Is the Higgs the SM Higgs? Does it decay unusually?

CMS 101 b (13 TeV) ]
E S MTRSR - oa Zoviets (s0ng) O Amongst the direct searches for BSM decays (h->aa, LFV
= Z(vv)+jets (VBF) W(iv)+iets (sirong) h, ...), Higgs decays to invisible particles have a special
8 4 W(lv)+jets (VBF) [ ] Other EW . .
S [0 HF noise [ QCD muttiet role. Very small in the SM (H>ZZ->4v), but prominent
> e, N\ .
102 —— Tot. bkg. (B-only fity=x== Tot. bkg. (S+B fit) * 1o . . . .
L e L gVt in models in which the Higgs can decay to Dark Matter
10 B(H — inv) = 0.07 candidates
1 0 Signatures based on Missing Transverse Energy (MET):
Events / 1500 GeV . . .
1o e associated production modes (sp. VBF) dominate
1072 C'\l_| 10_25-—_ T T IlIIIII T T IIIIII| T T IIIIIII T T IIIIIII T T IIIII_I-
10 5 107E B, <0.127 ATLAS =
5 £ Alllimits at 90% CL s=13TeV, 139" 3
_5 i:gz -+ B-only fit 4 S+B fit \ Bkg. uncert. — Fitted (S+B)/B n § . I '/ _
O 13- - < 10738 E 3 _’_,.—-—"’"' Higgs Portal WIMP: Other experiments: ]
© lar 1 7 s = %\, .-~ =0.01GeV %4545 Scalar DarkSide-50
L R —— D S BT el ~ S lerm e e
E . 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 10 ; N, 5555 Vectoryy complete model E
=z m; (GeV) - - =
arXiv:2201.11585 104 F i S 3
1075 : —= coheremelasric lwutrino—nucleus scattering %
CMS: Br(H;,,)<0.18 (0.10) @ 95%CL Ty = 10066 =
Inv E"’ 1 1 llIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIT
ATLAS: Br(Him,)< 0.145 (0.103) @ 95%CL 107" 1 10 102 10° 10*

arXiv:2202.07953
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-11/

'Searches for Long Lived Particles

New challenges:

v Object identification
_ v Trigger

| ﬁ@ngms Complete new program of v Backgrounds

\ searches, where the NP lifetime  |Lp searches interpreted in

{ ok, is a free parameter the context of many
quasistable f different models

. . ) charged particles
multitrack vertices in the g Q

muon spemro}!ef// ‘ & - C< f

diséppearing or

dpeeed | ieavaca Semi-stable New Particles,

multitrack vertices

non-pointing

2 ..--="(converted) photons d ecayi N g i N t h e d ete Cto r

lepton-jets, or
lepton pairs

[ 4 N
Y _
displaced leptons, o

Displaced jets in the calorimeter

%
ATLAS

EXPERIMENT

z 1_4»\\\\‘\\\\‘HH‘IH\‘HH\\H\‘MH|HH‘\.\H‘HH7 = 1071
S [ATLAS Simulation L' 500 60GeVion &, o
S 12+ L1 seed: 100GeV-high-E | —
£ CLm,m)=(600,150) GeV - L1 soed: low-E, v2016 Q
L [ c=33im L1 seed: low-E, v2018 | X
r ] o
F , s 10 E
0.8 N =
¥ I H ] £
0.6 5 @ s s E -
r g g2 B 2 1 o i
L ] % 10 — —
0.4 ] S E HS (mm’ ms) =
A 1 a8 F — (600, 50) GeV, c7,e,=059m  ATLAS ]
0.2 B \o [ — (600, 150) GeV, c7yp,=1.84m V5=13TeV, 139 f0" 7
Oimmmmm- . o "‘mmmi ig10,47—(600,275)G9V!Cfgen=4-29m —Obs. ---Exp. _
0 05 115 2 25 3 35 4 45 5 E E

C L ool L Lol
LLP Ly, [m] 10" 1 10

Trigger  xiv:2203.01009 Lifetime

ct [m]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-23/

Can the Higgs decay to Long Lived

Particles?

Looking for exotic Higgs decays goes beyond the traditional h->aa/ss searches

Expanding to probe for decays to Long Lived particles, Dark Bosons,

of the next frontiers

Displaced muons
6 CMS Preliminary

— Combined observed

m,, = 125 GeV
my =50 GeV

CMS EXO-21-006

97.6 o' (13 TeV)

- - Combined expected (median)

[ Combined expected (68% quantile)
Combined expected (95% quantile)

- - STA-STA expected (median)

- - TMS-TMS expected (median)

- - STA-TMS expected (median)

B(H—ss)

107"

1072

1072

1074

_.
S

T IIIIII|

L7141 S SN S

MR B ALY TT

i, 7
N e

ATLAS Preliminary (March 2022) 13 TeV, 36-139 fb™'
'."3"”I T ""‘I‘.' EE I I B | E' T

L el sl 0l S0l

L
.

| I 111K

1| IlIIlIr

1 111l

11 lIIIlII

5 10* 10° 102 107 1 10 102 10°
ct[m]

ATL-PHYS-PUB-2022-007

ALPs... is one

Hidden Sector, m,= 125 GeV
Selected ATLAS results
95% CL observed limits

Searches:

—..— Muon System (2 Vtx Only), 139 fb™!
arXiv:2203.00587

—..— Muon System (1 Vtx + 2 Vtx), 36 fb™
Phys. Rev. D 99 (2019) 052005

—.— Calorimeter, 139 fb™!

arXiv:2203.01009

Tracker+Muon System, 36 fb ™"

Phys. Rev. D 101 (2020) 052013

........ Tracker (LRT), 139 fb™’'
JHEP 11 (2021) 229

-.e . Tracker (b-tag), 36 fb™!
JHEP 10 (2018) 031

-- Monojet, 139 fb™’

ATL-PHYS-PUB-2021-020

- & - H— inv, 7-8-13 TeV combination
ATLAS-CONF-2020-052

LLP masses:
Bsscev 1520Gev 2535 Gev

40Gev [JJes60Gev JJrny
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-006
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-006
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-006
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-006
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-006
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/

'Leptoquarks w .

-2
. . LQ = /
LQs new particle with both lepton number L and baryon number B o<
. g q
Scalar partlFIe, q=-1/3e LQs -> tt, bv . = Yukawa coupling to the | ,
. . . = i i i i t
Models with third generation LQs and cross- B = relative couplings branching .
. . fraction LQ > q€ or LQ - qv
generational mixing are favored by b-anomaly a7 -
q A
\é/
Pair or singly produced LQ, LQ — tr, bv, tv, or bt -
Inclusive hadronic decays of t and 1, and boosted oy
: ATL-PHYS-PUB-2022-012 .
top quark signature ‘
137 fb_1 (1 3 TeV) N 1fe—> LQ‘,“nix‘LC‘);i‘x,a‘ll contours ‘at ‘95‘%‘ c?nfidenf:e Ieveﬂl - B I\/I‘ar‘ch‘zozf
< A4r ClMS L Obs I(9I5°/I CL; T IElxr; (IS35|°/ICIL)I L L ? 0.9:— ;;"'ATLAS Preliminary
35 ;_ — LQV m\/ + 7T LQV I LQV mV + 7T LQV gr::]eor::SHZi —; DOE 08: \/S = 13 Tev, 139 fb71 :
3 - k=1 _. LQ, mv - LQ, mV (95% CL) = observed 4
= i gl@, e tla, comb E s 07— R E
2F single " “pair| [ i/ - <05 B
- /./ RS . ! 3 1 0.4; — bube é
1.5 E— . | : . _E "oé 0 3; [JHEP 10 (2020) 112 |
1= ’,.:ji . i:, — ) . betv =
- ‘,‘:!f:'.‘:‘i‘ y - & 0.2 —— butv =
0.5 E— -z | : —E R [ATLASfCONF720227009]§
co oy oy by by by coan oy by | 7 e H ‘ ‘ ‘ ‘ L L
°To6 08 1 12 14 16 18 2 22 0 600 800 1000 1200 1400 1600 1800 2000 2200 2400
myq [TeV] m(LQY,) [GeV]

Phys. Lett. B 819 (2021) 136446
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-015/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-012/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-012/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-012/
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HIGHLIGHTS FROM LHCB
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+ — [ J [ J _ W+
'b->s @~ transitions
T g =—VaV, Z CO,
A rare decay (decay rate < 10) -
Forbidden at tree-level, proceeds through loop

< uwE IHon — T[= tHChomT
Heavy NP could enter at the same order as SM S, . ;;iiggb“ o
O - +Lattice
LHCb measurements show increasing tension o SM (Lattice)
with SM predictions i :;:hp Iy y2S) E
Phys. Rev. Lett.126 * .
oh Y3, hev. LE % ii —f— —4— 1
ys. Rev. Lett. 125 (2021) 161802 N 4 s . ——
(2020) 011802 —_ _ C = g ]
B K*0uTp BT o K*puTpu=% 2p % .
R I R B B
Angular analysis Angular analysis 3 9% 5 10 15
n 1F L L L L5 ' T [ f q2 [GCVZ/C4]
: ] : LHCb :
4767 Earmmony ] E L 9f Fodee 4 BY— gptps
05 L _‘ I SM from DHMV ] S
i i 1 03 % SEEERSTE Branching fractions
T 1w _— —+—  of b->su*u~ decays
o5k 4 é 7 R %% Phys. Rev. Lett. 127
: S el Buuus B _; (2021) 151801
_1-_ MR :l P IR R - -1.5 [ T - _
0 5 10 15 0 5 10 15
qz [GeVz/c“] ¢* [GeV?/cl]

~3.3-3.6 ¢ tension wrt SM when interpreted in terms of Cq coeff.
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-014.html
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-014.html
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2020-041.html
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2020-041.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-002.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-002.html

'b->s *@-transitions (LFU")B*%K*%*B

BaBar
Qmax dB (B - H,u U ) dq 0.1 < ¢? < 8.12 GeV¥/ ¢t
R _ len dq ~ 1 " . Belle ,
H = dB(B = He'e = 1.0 < % < 6.0 GeV¥c
|3 Tnax AB( 5 ) dg? LHCb 3 fb!
qmm dq 1.0 < g2 < 6.0 GeV?/ct
LHCb 5 b
R 0).84¢ T0-044
K = —0.041 3.1g e ofbt  LHCbOfb'
.10 i 1.1< g2 : 6.0 GeV¥/c*
| 1] I L L L L L L L L
arXiv:2110.09501 0.5 1 1.5
S ! R Bell
: « Belle -
i 1.1 < ¢ < 6.0 GeV?/c* B+ S K*+£+£_ Final states
: K - mntm~
R Belle *
* 0.045 < g2 < 1.1 GeV¥c4 BO — K(S)£+£_ K** - Ks?ﬂ+

R, Belle
1 0<q2<60GeV /c*

i R, LHCb 9 fb"
1.40 —— § 9fb! 0.045 < g2 < 6.0 GeV¥c*
1.50 9fp-1 R, LHCb 9 fb"
e .. o o 11<q2<60GeV2/c .
0 . 1 2 3
20 combined R

No Run 2 update on R(D) and R(D*)

Possible coherent explanation involving tree-level new
physics competing with SM loop and box diagrams

l+
Heavy vector Leptoquarks
bosons 7 It I~
-
b €« 5—<—¢--L-Q-o4s‘
u > u u > u
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-004.html
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-038.html

Rare b-hadron decays and CP-violating processes

Bi,)° > M (Y)

High suppresion in the SM

B(BL > p*u) = 3.09*046

x 107°
— Significance > 100

—in agreement with SM

B > pru-

+0 15

-0.11

o , ' | | |
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2
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B.? mass difference Am,
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™
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2
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Nat. Phys. 18, 1-5 (2022)

Phys. Rev. D105 (2022) 012010
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- contours correspond to 68‘7 95%, 99% CL regions

L e LHCb |
“44 b
= —9fb?
1 |
0 1 6
B(B{—u )
B? — BY —» D;nt = Untagged

Bl B? » DK+

— D;Wgt

i L 1 A
1940 1960 1980 2000
m(K* K- ntn~ %) [MeV/c?]

AmSM = (18.4*97_ ) ps 1

Decays / (0.04 ps)

Am, = 17.7683 + 0.0051 =+ 0.0032 ps 1 ¢ [P
Precision: 3 x 10
Legacy Measurement (combination)

Am

.=17.7656 + 0.0057 ps *
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'Highlights from LHCb

CKM angle y CKM angle y

(65.4 F3:8)°

Simultaneous determination of CKM angle y and charm mixing parameters

1

1r

;J i ] = - rrrT T .
S ] = 0.8 LLHCD Most precise measurement
— 08 4 @70
- : 0.6 F 4 Charm mixing parameters
0.6 : i ]
: : 0.4F E — +0.052
y: I ] x = (0.400 "y 23) %
L 68.3% o4 g _ +0.033
I Y S NoMixing . E Y= <O 630 2o 030)%
0.21 [ 1% Current World Average ] _ o
0 954% ARSI 02f B LHCb Beauty and Charm Improvement in precision
. | . | Lo v v b v by v by L] _
740 50 60 70 80 90 02 0 02 04 06 08 1 v = (1 —ma)/T
arXiv:2110.02350 s z [%0)] y=I1-1y)/20
1:::: ;I_ 0% [62 new hadrons at the LHC ot l
Spectroscopy s e
Many new states discovered by LHCb e u L
Precise anatomy of conventional and exotic spectroscopy :..| »
2 o P.(4450)" ‘;: ;gg: P.(4457)" X
. E : ::(aa') RG] v:(uao;' : 274 | & f“;‘}?} .é::sgg;
EWK measurements in the forward
. 0004 ® bag Z(‘izoogg)) [ ] D",(?BSU)‘ N(2860)" §§§%§§§ i.—(;zii) .X gzzg;
region (complementary to ATLAS and CMS) S BEE T ot HEEe” N,
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PROSPECTS FOR RUN 3
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Run3: 2022-2025 LS3:2026-2028

LHC HL-LHC
LS1 —_— EYETS LS2 13.6 Tev 12AE — 14 TeV
e
Diodes Consolidation
8 TeV splice consolidation cryolimit LIV Installation HL-LHC
TTeV  —— P ‘,‘,’,‘2]‘;:}"" giore Civil Eng. P1-P5 Installation

an | w2 | s - o | |2 |z | [
510 7.5 x nominal Lumi
ATLAS - CMS /__’———4
experiment upgrade phase 1 ATLAS = CMS

beam pipes TR P e HL upgrade
nominal Lumi _‘__::;‘_4 ALICE - LHCb 2% noming Lumi

75% nominal Lumi /_ upgrade

" [ LHC Schedule 2022 ] e we are here

460 fb-1 Integrated KIR
luminosity BELDDIEVE
Approval by Research Board of 1 December 2021

e e e RUN 3
v Vs =13.6TeV (14 TeV from 2023)
T —— = v L=2 X103 cm2s71(2 X 1033 cm—2s~1for LHCb)

P
santen o
T Cormetnionre

s

Jan Feb -
T TS T -1 -1 -1
_1. -;i:t-}ﬂ

twv;lsags
T

Fr vt seae. Jul

. i
u]lull%'lululmlullnlxIulnlr_l
Y N

_ i on v Average pileup p = 50-60

1300 re

e Expected integrated luminosity (LHC)

B L - v 30 fb1in 2022 and 80 fb~! in 2023-2025
B S / Total £ Run 3 --> L = 270 fb?

= =B / Total £ Run 2 + Run 3~ 0.5 ab!

= EE / Total £Run 3 (LHCb) --> L = 25 fb?
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'Upgrades implemented for Run 3
Cr—r

L1-Calorimeter New beam pipe, Tracker cooling, CMS opening system  SiPixel Tk VELO

eeeeeeeeeeee

trigger with 1 and other preparations for HL-LHC
improved k i k
granularity
New topological L1 trigger Pixel replaced barrel SiStrip Tk UT
layer 1
Muons: HCAL BARREL 1 o RICH optics &
New Small Wheel SiPM+5Gbps ' photodetectors
and new “EndCap” Readout
trigger
GE1/1: 144 SciCalo

GEM chambers
Installed in the
forward region

AFP (forward proton tagger) with new Muon Barrel radiation
time-of-flight capability shielding against
neutron background

Increased performanc ~-i CsCfrontend RTA
of software algorithms | 'I‘ , iieg . electronics for

+ =4
(Multi-Threading) i ~ . HL-LHC

£ trigger rates e P ———




'LHCb physics prospects

Improve the precision in flavour
physics observables and in other
exploration studies in the forward
region by exploiting 5x more
instantaneous luminosity with an
upgraded detector

cemv/ince 2021012
O s Tor 23

R o o022

LHCb
UPGRADElI

Technical Design Report

Observable Current LHCb Upgrade I
(up to 9fb~1)  (23fH~1)  (50fb~ 1)
CKM tests
v (B — DK, etc.) 4°  [9,10] 1.5° 1°
¢s (B — Jhpo) 49mrad [8] 14 mrad 10 mrad
[Vas/|Veo| (Ay = pu=7,, ete.) 6% [29,30] 3% —
ad (B —» D—utv,) 36 x 107 [34] 8x107% 5x107*
ad (B — Dy utv,) 33x1074[35] 10x107* 7x107*
Charm
AAcp (D° - KtK—,ntn~) 29 x 107° [5] 17 x 107° —
Ar (D° - KK~ ,wtn™) 13x 107° [38] 4.3 x107° -
Az (D° - Kontn—) 18 x107°[37] 6.3 x107° 4.1 x107°
Rare Decays
B(B® — putu~)/B(BY — utu™) 71% [40,41] 34% —
Sup (B = pp™) — — —
AR (BO - K*0eter) 0.10 [52] 0.060 0.043
Alm (B0 — K*0¢ter) 0.10  [52] 0.060 0.043
AST(BY — ¢7) o B 0.124 0.083
Sy (BY — ¢7) 0.32 [51] 0.093 0.062
oy (A) — Ay) o7 [53] 0.148 0.097
Lepton Universality Tests
Ry (Bt — Ktiti™) 0.044 [12] 0.025 0.017
Ry« (B® — K*00+0) 0.10 [61] 0.031 0.021
R(D*) (B — D*~t+uy) 0.026 [62,64] 0.007 —
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ATLAS & CMS

Many analyses will be repeated with up to twice the
integrated luminosity, with additional improvements in
sensitivity from further developments, including ML
techniques, and reduction of the systematic uncertainties

ET T T — T T
v Tevatron comb ed196TeV(L safb) .
[ = ATLAS dilepton” 5.02 TeV (L = 257 pb") ATLAS+CMS Preliminary

[ CMS combined ey, I+jets* 502T eV (L =27.4-304 pb™) LHC[opWG September 2021
= ATLAS en7TeV (L 461")

| o CMSepn7Tev(L=5f")

m ATLASep8TeV (L=20.215")
3| o CMSen8Tev(L=1971") ar
10° v LHC combined e 8 TeV (L = 5,3-203 fb”) LHCtopWG

E = ATLASen13TeV (L=36.11b")
900r b
800F T E

F v CMSen13TeV (L=3591b")
700F

F ¢ CMS tie/u13TeV (L=3591b")
[ O ATLAS lsjets 13 TeV (L= 139 fo’)
& GMS l+jets 13 TeV (L =137 fo™)

I O CMS alljets* 13 TeV (L= 2.53 fb™)

* Preliminary

102

Inclusive tf cross section [pb]

=== NNLO+NNLL (pp)

== NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[TeV]
NNPDF3.0,m, = 172.5 GeV, o (M,) = 0.118 + 0.001

PR [N T T T [T T T [N TN T O N O N N

SM processes measured with high precision at the new 24 6 8 10 12} ['T '\/1]4
slle
energy points e b (3 TV Dibosons
&% cms i Data ]
. . . » 700f Al categories —S+Bu=119) 4 _ CMS
0 Discovery-through-precision. Work to improve §_ | sis®weignes ... Bvg.componen | & | _ misoesueniu
systematics (calibrations and methods) L A N ] = sgmgzm:gg; e
O Higher statistics will help (stat. in control g H-> E e
= 300F l"l’u 10 e # e e
samples) & 200, // e
O Effort in modelling (b,c quarks modelling in e T * S S
ttbar, V+HF jets) g s T S —
0 Consolidate Run-2 observations. Evidence £ 5 R .
(Hup, VBS, tribosons, 4tops ...) will reach e mmemeE e ey T T e
observation --> differential measurements ~ And Effective Field Theory (EFT): towards
0 Towards evidence of rare (Higgs and others) an integrated TOp/HiggS/EWfit
processes 1 1 1 1
O Strenghten ATLAS & CMS collaboration LsmerT = Lsm + pLs + 5 Lo+ 15L7 + 17 Ls +.

(generators, MC tunes...), combinations ...
Ly = Zi Cioldzn
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'DiHiggs Production: chasing the nggs

g -——-- H
/

self-coupling o T

Searching for HH production probes the Higgs self coupling
and the shape of the Higgs potential

With Run2 data, the golden channels already reach cross
sections upper limits of 4-5xSM per channel per
experiment (~3x combined)

ggF and VBF production explored (access k) and K,y) HH=->bbTt
' T T ' CMS Preliminary bbrr, 138 fb™! (13 TeV) CMS
ATLAS Preliminary — Soerct S et Comr oo | & P i
Vs =13TeV, 139 fo~t o Expected . E 10° 3 S = Theory prediction [ 68% ex| ecpted E ’E A e — Meduan expected
03&”F+VBF =32781 [ Comb. exp. limit =1 0 ﬁ F yP °° P 5 == Theory prediction [HEBl 68% expected
1 Comb. exp. limit + 20 a o+ 95% expected T S 95% expected
= =
Obs.  Exp. £ 5
T o
H T T
- T o E
bbttt { 4.6 3.9 S a o -
H K=y ©
-] © 5
s E |
bbyy[- 43 87 A E L
3 o E
: &) O\o -
2 3
Combined - 31 31 4 3
" A . L S R S RN B A 107'E
1 10 -15 -10 -5 0 5 10 1€ 4’1' . L
95% CL upper limit on signal strength HHH | i VVHH | Koy
_ coupling coupling
Combined k, [-1.0,6.6] (obs) u<3.3(5.2)xSM e a0.0
-HIG-20-010
ATLAS-CONF-2021-052 kx[-1.8,8.8] (obs)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-010/

14 /13 TeV [ 13.6/ 13 TeV ] cross-section ratios

Minimum bias
w

z

2z

t (s-channel)
t (t-channel)
Wt

WH

H (ggF)

H (VBF)

HH

113 [1.07]
1.13 [1.08]
119 [1.11]

tt 1.18 [1.11]
tz 1.20
ttH 121 [1.13]

ittt

stop pair (0.9 TeV)
gluino pair (2.0 TeV)
Z'SSM (4 TeV)

q* (6 Tev)

QBH (9 TeV, n=6)

1.32 [1.19]

Search for Lepton Universality Violating Z’' with:
enhanced couplings to third generation bbZ’>bbbb

7 10°% E T T T T T T T E|
s E . ATLAS 3 g 1P
T i Vs=13TeV, 103 fb" - S [ ATLAS —e— Observed 95% CL
E . = Data 3 — co_ o ]
— Background ul ]g [ Vs=13 TeV, 103 fb“ Expected 95% CL
10° = ‘' — BumpHunter Interval = L EaY
i © bbZ'>bbbb (M, = 16 TeV, g, = 1,,=0), 0x20 | _T 10+ 26 —
100 . © bBZ'—> bbb (M, = 25 TeV, g, = 1, ¢, = 0), 6x50 ; l:l/ E - o
*ea,’ 3 q £ bbZ'— bbbb
E o o0 E N1E E
10 = : — e} E 3
E FDFitRange: ! BH Scan Range: ° Ef [ 1
[ [0.73,367] TeV 3[1 30, 3.67] TeV | T F -
1 e FD Fit x2 p-Value: 0.89 ;EH p-Value: 0.55 % - -
E : Bt
L : ©10 E E
0 L HE Ll L L ] E ]
3 R S B B N R F ]
c B v
R S N ] i
g A ; el E 10—2m\.‘m.‘\.H|‘..\..‘r+m.\mm.m
I : ' . 12141618 2 22242628 3

! 2 ° My z [TeVl

Phys. Rev. D 105 (2022) 012001" "

O Higher sgrt(s) --> increase in cross section --> increase
in mass reach

o ~ x 2.5 for high mass pair dijets

0 Explore all scenarios favored by the b-anomalies

c~x15-2.5"forLQ

2.50 + A1, B=1
= T Pair production
)
o0 I —=—Pair production (LO)
‘E’ 2,00 + ——Singlevia B
~ T —=-Single via B (LO)
% I ~=Singlevia C
= T . "
< s ~-Singlevia S
S} ——Single via D
=} 1 ngi

1 —=—Total single production
tthar ——Singlevia U
1.00

300 500 1000 1500 2000 2500 3000
LQ mass

B-parking $
Low pr displaced triggers to save a
sample of unbiased B hadron decays

Tag-side:
recoiling wrt the triggered muon. o
Data was reconstructed after the end A
of the run. N
Enables analyses targeting LFU |\
violation (and many others relying ‘”‘24
on a soft lepton) |
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-09/

BSM

Make sure the whole parameter space is explored.

Did we overlook anything ?

Many motivated scenarios predict resonances at low mass (Dark sectors...). Not
well scrutinized before, as searches (triggers) concentrated in high mass regions.

Scouting
Analysis based on a reduced data format and on the online reconstruction in the HLT farm (do not save
the full event data).

Working on adding additional L1 triggers thanks to the use of GPUs at trigger level

Search for narrow light dimuon resonances with m,, >11.5 GeV

137 fo! (standard triggers) and 96.6 fb ™' (scouting triggers) (13 TeV) 137 fb! (standard triggers) and 96.6 o' (scouting triggers) (13 TeV)

> L L L L L B L L L BN B % F ' ' ' ] 7]

© - CMs ]

- Barrel category 3 —

e o ¢ Data E 10 E 3

f2) —— Standard triggers S 28f Z,(25GeV) €2 = 2x10° 1 - 90% CL observed limit -

S —— Scouting triggers - Background only fit o= 90% CL median expected limit ]
> . 2 - ] I 68% confidence interval for expected limit

w SCOUtIng e 104 & 95% confidence interval for expected limit —

. F = 9 E LHCb (90% CL) [arXiv:1910.06926] 3

t riggers F Electroweak fit constraints (95% CL) [JHEP 02 (2015) 157] -

~ Scouting triggers 3

107° & =

. 10° 5 E

L = SN BRI IR AN RPN RPN RPN PR SRR - scouting triggers | standard triggers =

20 40 60 80 100 120 140 160 180 200 220 | | | . T !
my, (GeV) 11 20 30 40 50 100 m (GeZ\(}())
ZD

Phys. Rev. Lett. 124 (2020) 131802
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-018/index.html

Expanding the LLP reach

displaced

----- neutral 3 W BSM
HSCP
charged dilepton B lepton
~— any charge M quark
photon
W anything
disappearing displaced
track lepton
<«
s
displaced ; : ¢ displaced
dijet ’:‘ photon

hvs

displaced
conversion

[ Not pictured:
displaced A out of time decays
vertex

J. Antonelli

New developments in the L1 trigger to
increase efficiency for displaced signature
Increase efficiency for displaced muogs

v
v Extend muon triggers to hadronic
showers

Exploit timing information

Exploit HCAL depth information

AN

r decay position [cm]

T

||||||||||||||||||||||||||

Signal efficiency

© o oooooo oo o ~
- N W b O O N 00 ©

200
- HCAL
100 b
500 600 700 800 900 1000 1100
|z| decay position [cm]
Phy. Rev. Lett. 127 (2021) 261804
RING 2 RING 1 Rl\(.()
1514 .13 .12 1 10.9.8.72.6.5.4 L
S ~— HCAD . HO —— IR(N——-‘-‘—

MAGNET COIL

Run 2 -
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HE (2018)

26|
5
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-015/index.html
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LHC Run 2 extremely fruitful in all
fronts!!

Let “s go for Run 3 with:
Higher precision
And discovery potential

Thank you very much
for your attention

Thank you very much to Maria Jose Costa, Luca Fiorini, Marcel Vos, Salvador Marti, Emma
Torrd, Arantza Oyanguren, Aurelio Juste, Alicia Calderén, Enrique Palencia, Abraham Gallas,
Juan Terrdn, Cristina Fdez. Bedoya, Silvia Goy, Begofa de |la Cruz, Maria Cepeda and Juan
Alcaraz for their help in preparing this talk.
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