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Where do we stand?

o Higgs-like particle with a mass of 125 GeV, properties match the Standard

Model (SM) Higgs
o Not the end but a whole new window of experimental and theoretical
possibilities!

@ Excellent agreement between very precise measurements of SM processes and
predictions (lots of progress on the theory side also!)

@ Few anomalies in flavour physics, g-2, etc. but no clear sign that the SM
breaks

@ The SM is not the end of the story! Many open questions!

o With the completion of the SM: No certainty - and no clear indication of the
energy scale of new phenomena
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The tasks of the ATLAS and CMS experiments

What?

@ Study with highest precision what has not yet been scrutinized in depth: Higgs
boson, the top quark

@ Reuvisit areas of previous precision experiments with a great deal of scrutiny:
Electroweak, QCD, flavour

@ Explore the unknown: Extend the scope of searches for new phenomena at high
energies: new data-taking strategies, new triggers, new Al applications

How?

@ Exploiting the LHC collisions at the energy frontier (searches at the TeV scale) and
the intensity frontier (Higgs and EW precision program)

@ Exploting the capabilities of the experiments as flavour experiments (top quark
physics + dedicated data streams for b, ¢, and 7), heavy ion experiments (PbPb and
pPb LHC runs) and photon-photon collider experiments (ultra-peripheral heavy ion
collisions, proton tagging in pp, ...)

— Here: just a (tiny) selection of latest results in QCD, EWK, top quark, Higgs
and BSM searches!
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Where are we now? Run 3 data taking

o

CMS ™= LHCdeiivered: 331.18 o™
[ CMS recorded: 305.35 fb™
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@ First phase of the LHC program to be
completed soon
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@ Reach already the goal of >300 fb~*
(Run2 + Run3) by the end of 2025!

@ Nearly 100 fb~! of delivered
proton-proton luminosity at 13.6 TeV
this year 5
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T T T
ATLAS Online
Vs =13.6 TeV, 141 f5*
2022: U, = 42/50
W 2023:(0y, = 51/58

2024: (Uil = 57/62
B Totl: iy, = 52161

@ Working on upgrading the detector for
the High-Luminosity phase (target is
3000 fb~! by 2041)

@ Pushing detectors beyond their limits:
Recording up to 63 simultaneous
collisions/event (2.5x design, 45% of
HL-LHC) 10
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A glimpse of performance

Few words on performance

Improvements in precison, reach of searches driven by improvements in trigger,
performance, methods (huge progress thanks to ML)

@ New trigger strategies

CMS Protiminay __2022,20038.202480D (13 Te CMSProiminary 270", 2020 (135 Tov)

e Gain in acceptance with looser
ParticleNet b-trigger

o Lower threshold for large-radius jets
with scouting (trigger-level object odf-

Efficiency

osf- oz 4

Online PNet b-tag Efficiency

reconstruction) .
; + Sooutng
p & Offiine

@ Flavour tagging performance transformed ey ]
G O
through the use of advanced ML techniques "

(2024/2023)

T T T T
ATLAS Simulation Preliminary
Vs =13TeV

ttjets, ep = 70%

o 4x background rejection improvement g fruns reco
with graph neural network tagger ?:: ‘
(GN2) compared to Run 2 in ATLAS ¢ -
e Also huge improvements in CMS by 0
using graph-nets and transformers 0 T aT

2017

Year

@ ... and many more!
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Highlights of physics results

Measurements of SM processes
@ Scrutinising the SM predictions over O(10) orders of magnitude in cross section

@ Increasing precision, observation of rare processes

i i St O
Standard Model Production Cross Section Measurements fatus: October 2023
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Highlights of physics results

QCD and Electroweak (precision)
Physics
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Jet physics

cMs

T T
Theory at NLO + CMSR,7Tev:EPIC 732604 (2013)
M 3Jtmass TTev : EPIC 15:186 (2015)
+ CMS incl. jets 7 TeV : EPJC 15:288 (2015)
CMS incjets 8 Tev : JHEP 03:156 (2017)
ATLAS TEEC 8 TeV : ERIC 77:872(2017)
ATUAS R,,8 TeV : PRD 98,092004 (2016)

ag(Q)

@ QCD multijet production: dominant

e S55ETmon
high-pt process at hadron colliders 01s *‘W-&‘g_m §
. . Mty
@ Test of QCD at highest available 01 P gy,

DO Phys. ReV. D 80:111107 (2009)

. . ‘“’: s
energies in the laboratory ‘

DO: PLB 71656 (2012)

o
N
T T T T T[T T[T LTI T

— signs of new physics? "~ :‘ ;é“sw”c“f::y‘;u;:;‘“"“" ‘
@ Sensitive to the strong coupling B v Y
constant and its running at much . cMs_
higher energy scales than other <100k T HERA DIS + GMS 13 TeV diets (20) |
strategies E’ s ;\\\4 HERA DIS + CMS 13 TeV dijets (3D) |
@ Important inputs to parton distribution sol- \\ |
function (PDF) fits (high-x gluon PDF) ul \\ |
@ Important background at the LHC: ol HE = m? —
many other processes with multijet g4l — (HE}RMD),HEQA ‘}//3
signatures (top quark, Higgs, ...) Eéig— = ERAssDIHERA “li;
107 107 102 1071

[arXiv:2404.16082, arXiv:2404.16082f
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https://arxiv.org/abs/2404.16082
https://arxiv.org/abs/2404.16082

Jet cross-section ratios [arxiv:2405.20206]

Measure jet cross-section ratios
between bins of jet multiplicity

Double differential: Dijet invariant
mass or angular radiation (< 10%
precision)

Triple differential: scalar sum of pr of
two leading jets, Hr, (<few %)

Relies on improved JES uncertainty

(< 1%)

o
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T T
Data 2015-2017, Vs = 13 TeV. ATLAS
anti-k, A = 0.4, PFlow+JES

=00

o
o
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[ Total uncertainty, dijets
[ Total uncertainty, before precision update, di-et
— Insity calibration
Flavour generator/shower
- Flavour hadronization
- Flavour shower
Pileup components
- - - Single particle deconvolution
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https://arxiv.org/abs/2405.20206

Testing the Electroweak sector

Rich variety of electroweak interaction derived from symmetry principles
SUQR)L x U(l)y — W*,Z,y

,_.
LA

? L’;Z“S'Zvemem ATLAS Preliminary

PP X O

i
=)

@ Mass of electroweak gauge bosons and
interaction strength predicted precisely
fromg, g', v, A

p - 0
7 P 0 029) 19
2 13 TeV, 140 1% JHEP 07 (2023) 141
myy 126 7ev, 20 L g 202 38010
p= FT

2
m% cos? Oy

@ Testing the EWK theory By

T3
Gpp -
74Tev, EPIC 76 (2016) 6
1376V, 139, HEP 05 (2029) 028
13676V, 314 1, EPIC B4 (202478
Top-

., 45 1, PRD 87, 112001 2013)
v, 203" JHEP 09 029 (2016)
V. 36,110, EPIC 79 (2019) 854
P - WZ

Total production cross section [pb]
.

pp — tf

PP - 1q —Troxs
pp

5

=
" @«
PP, g, .
v, 45 1% EPIC 72 (2012) 2173
B7ev, 203 ", PRD 53, 032004 2016)

=
LWz
PR gy ’_H/—’——"-‘*"
19700 30110 £730 75 G010 355
2

o Precision measurements of single X
W /Z bosons 1
H H H Pox ZZ\ L L L Lodze
e At high energy in multiboson T T L -
prod Uction Status: June 2024

~H-

L]

14 orevmant o oo
VS [Tev] 1ev.simirrosr ouoses

1367V, 20", pL 855 (2024) 138764

[ATL-PHYS-PUB-2024-011]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-011/

Testing the Electroweak sector

The energy frontier

o Tests of the electroweak theory

The precision frontier through gauge cancellations at
high energy
JRAS 5 o Deviations can lead to potentially
w.z W,z w,z w.z
MVWV\, \/V\/\O\/\/\/\/ large effects
w,.z t
~ g In(my/ my) ~ Gem} _ _
g W)W, — W W,
101 T T T T
L i i Thomy () -
@ Radiative corrections modify b 108 = () -
propagators and decay vertices o | =
2 1 ﬁ = T (1 A 10° -
myy( _mzz)—ﬁGF( +A)

sin? Oy — kesin? Oy = sin® 0

@ Sensitivity to a wide range of physics
through quantum loops

My = 100 GeV

100 -

| 1 1 1
200 500 1000 2000 5000 10000 +/5/GeV

from Nucl. Phys. B525 (1998) 27-50
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Electroweak physics

W-boson properties farxiv:2403.15085]

@ First measurement of the W width at the LHC, together with an improved W mass
using 7 TeV data
@ Improved method: profile-likelihood fit of mr and p% using W — (v events

@ my = 80366.5 £ 15.9 MeV

(CT18 parton distribution functions) @ From simultaneous measurement

@ Largest systematic uncertainties: mw = 80354.8 1 16.1 MeV and
ges: sy ' Mw = 2198 £ 49 MeV

calibration, the theoretical modeling
and the PDFs

S‘ T T T
Overview of m,, measurements () ATLAS A Bestfit p=-0.30
[T T =
ATLAS i — '—;‘ Vs=7TeV, 4.6 ¥ SM prediction
(s=7TeV,4.6fb* B 2 23000 |
B—
COFRu2) -
T T e | N 2200~ —
ez "
?TLAS 2017 @ Measurement e = 95 cL
' [Mstat. unc. 2100 x (80355, 2088) 1
ATLAS 2024 W Total unc. | [ ) ) ) ‘ ‘
e B Preciion : 80320 80340 80360 80380 80400
80200 80300 80400 my, [MeV]

m,, [MeV]
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https://arxiv.org/abs/2403.15085

Z/’)ﬂ< — /¢ and the weak mixing angle [arXiv:2408.07622]

CcmMs 59 fb™ (2018, 13 TeV)
@ : .
@ sin2 0% extracted from pp — ¢ Tl ~ALeTisD)
——Data
forward-backward (Arg) asymmetry at 13 TeV
1
2o~ 14cos”§+ 3 Ao(1—3cos’0) + Ay cos b
lepton plane
+— 005F B
[
flg 0 - st e .»” + *"ﬂT
8
-0.05F N B
20 40 60
lyl-m bin
LEP Ay B A N ] 028009 = 0.00053
LEPP, | —— | 023159+ 0.00041 @ Measured in bins of y(ZZ) and m(éﬂ)
LEPAL | —a | 028221 = 0.00020
epays | L | 0:28220 = 0.00081 @ Sensitivity enhanced with extended
Py | ———=———  Jo2324 =00012 t for f d elect
oA, 02005 » 0.00025 acceptance for forward electrons
CDF 1.96 TeV —A— 0.23221 + 0.00046
D0 1.96 TeV [ —— B 0.23095 + 0.00040
ATLAS 7TeV R S — 02308 = 00012 .
LHCb 7+8TeV | RN E— " 023142 = 0.00106 @ Matches LEP/SLD precision
cMs8Tev | ———1 " 0.23101 = 0.00083 . . .
CMS 13TeV i - 0.23157 = 0.00031 o Compatlble with the SM precision
0.229 0.23 0.231 0.232 0.233 0.234

sin®6),
e
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https://arxiv.org/pdf/2408.07622

W-boson hadronic decay branching fractions icws-passmp-24-009]

@ RY = B(W — cq)/B(W — qg') from top <2420 _ _ s’ gatey
. - L . B22F CMS oo Vi oer
quark pair (tt) events in single-lepton final S%2E Preimiay Bicime s
2. il b
states PR
S14E
r W12;—
hed v 0.;5:
"\ oo f< » 93
\ 5 0.2
7 ¢ B
i Soar ! ! :
0.
o Jetst d riginating from th ) A T
ets tagged as originating fro e .
hadronization of c quarks by the F
presence of a muon inside the jet — B > 0812008
dedicated ¢ — Xur tagger E
£ OoPAL —_— . 0.48 +0.05
o RY = 0.498 + 0.005(stat) + 0.019(syst) E
o Most precise measurement (4%) = —Fﬁl'his r;;ﬁl?
° Dom.mant .sy.stematlc uncertainty: charm ;, —— — —
tagging efficiency Skl : )’
0. ‘35 0‘4 0. ‘45 05 055 06 0. ‘55
@ Also measured |V | = 0.959 + 0.021 BW—cq)/B(W—qq)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-009/

Electroweak physics

Lepton flavour universality in W-boson decays frxiv2403 02133

@ Universality of the coupling of £* to W
boson is a fundamental property of the SM

@ Exploits clear selection of W boson in tt
pairs

@ Tested via
R(u/e) = B(W — uv)/B(W — ev)

@ R(u/e) =0.99995 + 0.0045 - higher
precision than current world average!

@ Complements W — 7v results [e.g Nature
Phys. 17 (2021) 7, 813-818]: Some disagreement
(2.70) of the on-shell W — Tv results seen
at LEP, but excellent agreement with LHC
measurements

C. Diez Pardos

ATLAS

LEP2 -

e'e - WW, V5=183-207 GeV

ATLAS e

pp—W, V5=7 TeV, 4.6 fb™

LHCb S —
pp-W, Vs=8 TeV, 2 fb™*

CMs —

pp-tf, Vs=13 TeV, 36 fo™

PDG average e

ATLAS (this result) —Cot
pp i, V5=13 TeV, 140 fo™*

I
0.92 0.94 0.96 0.98 1

L
1.02

B(W - pv)/B(W - ev)

T T T T T T
ATLAS —a— LEP (Phys.Rept. 532 119)
ATLAS - this result
Statistical Uncertainty
[ Systematic Uncertainty
—e— Total Uncertainty

Vs =13TeV, 139 fb"

=t

—_—

698 T 02 .04 108 108 T
R(c/ )=B(W—tv)/ B(W—pv)
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https://arxiv.org/abs/2403.02133

Electroweak physics

Production of 7-leptons from photons prxiv2406.03075)

Observed vy — 77 production in pp

collisions, for the first time

@ Constrain anomalous magnetic and electric

dipole moments: Probed 7 g-2 with

unprecedented precision

-1
CMS 138 fb (13 Tev) CMS 138 b (13 Tev)
%) T — T T T — T T
e + Observed [ Zly* — 11 []Zly* - eelpp . Ob d —68%CL —95% CL
S 2000 [IExcl. bkg. BEVV + i [Jet mis-ID sere : e
w Myy - 1T Uncertainty oF LZ ay
1500 PLB 434 (1998) 188
L
ee - Z 1y ——
1000 PLB 434 (1998) 169
DELP
- TT( from e) i
500 Bhic s (2004) 159 -
TLAS
y - Tt (y from Pb) ——
PRL 131 (2023) 151802
2 100F, | BKg.unc. —yy -1t § Obs. - bkg. 3 cms
£ 100 g. unc. —yy-Tt ¢ Obs. g V¥ = 11 (y from Pb)
I s50F i l 4 PRL131 (2023) 151803
2 b gl |
g | } 1 [ | ! ' I };_\(1 STt (?/ from p) hd
i is result L L
o1 2 38 4 5 6 7 89 -01 -0.05 0 0.05
Ntracks ar
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https://arxiv.org/abs/2406.03975

Electroweak physics

Top quark Physics
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Top quark physics

% 805:A‘T|“A‘*s‘ T ‘—“m\ﬂ‘,:‘B(‘ls‘w‘i‘O.‘Olé C‘;e\‘/j
@ Most massive elementary particle known e F B m =17284£0.70 Gev
E§ = --m, =125.09 + 0.24 GeV b
@ Short-lived, decays before hadronizing, 80.451 5 68/95% CL of m,, and m, —
allows studying the properties of a bare g0 ]
quark N B — ]
@ Precision tests of perturbative QCD (as, S 1
PDFS, mt) 80 3:, == 68/95% CL of Electrowea‘&:
. . . E Fit w/o m,, and m, ]
@ Other properties: spin correlations, r ‘ ‘ | EpmeicniEge o
] ) ) 80250t BT
couplings, asymmetries predicted by the SM 165 170 175 180 185
m,[GeV]
@ Essential to study Higgs properties, measure
top Yukawa coupling ¢
@ Potential portal to New Physics:
Production & decay sensitive to anomalous U y
. Yt (D= -+
couplings, charged lepton flavour and
baryon number violation, CP violation,
flavour changing neutral currents... i
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Top quark pl

Top quark cross sections

@ All decay channels and centre-of-mass energies

@ Stringent tests of pQCD via inclusive and differential cross sections

L L e

T
| ATLAS+CMS Preliminary
LHCtopWG April 2024

=
o
w

NNLO+NNLL, PDFALHC21 (pp)
- BB NNLO+NNLL, PDFALHC21 (pP)

| M= 172.5 GeV, a (M) = 0.118 £ 0.001

Inclusive tt cross section [pb]

=
o
™

10

T

[~ Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

LI B B e LA A S B S

Tevatron comb. (1.96 TeV, <8.8 fb™) [1]

ATLAS comb., ee, uj, ey, +jets (5.02 TeV, 257 pb™?) [2]
CMS comb., ey, I+jets * (5.02 TeV, 302 pb™) [3]
LHC comb., LHCtopWG, ey (7 TeV, 5 fb™) [4]
LHC comb., LHCtopWG, e (8 TeV, 20 fb™) [4]
ATLAS, ey (13 TeV, 140 fb™) [5]

CMS, ept (13 TeV, 35.9 fb™) [6]

ATLAS, I+jets (13 TeV, 139 fb™) [7]

CMS, I+jets (13 TeV, 137 fb™) [8]

ATLAS, ey (13.6 TeV, 29 fb™) [9]

CMS, ee, py, ey, I+jets (13.6 TeV, 1.2 fb?) [10]
RD 89 (2 (6] EPIC 79 (2019) 368

7] PLB 810 (2020) 135797

01

:..DD>I><+04

131
[51 JHEP 07 4 101 (2023) 201 * Preliminary ]
P

— T

Ratio to
Prediction
o

-
2
o
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Top quark + X

@ Evidence for rare(r) processes such as tWZ

@ Moving towards combined measurements ttZ + tWZ

@ Detailed studies of less rare processes such as tty

ATLAS+CMS Preliminary

75 +0.05(scale) + 0.01(PDF) pb

6 L scale) - 0.021PDF) pb

e =098 £0.10(0L) pb

31 (2029) 23190 2020) 428 WadGraph NO
LHCtopWG NNLO(QCD)+NLO(EW) NLO(QCDYEW)4NNLL NLO QCD
fs=13Tev Gy *3= 030 E55(01) pb %3 Gy, * 20~ 0098255 00t) pb 20 g, % 5= 0.15 £ 003(0L) po 5 o, =0.77 1 0.14(01) pb

) NiadGraprs_an JHEP 10 2018) 156 et aCONLO ViadGraphs oM
April 2024 NLOQCD NLOQCD NLO GCD NLO QCD
ol s

Gpons, * (Stat.) + (syst.)

0.88 £ 0.05 + 0.07 pb i
ftw

087 +0.04 0.05 pb P ——t

0.86 +0.04 +0.04 pb H——r
74 :

0.95 £ 0.05 + 0.06 pb ——e—ii
i 1.1440.050.04 : oS, L= 138 b
iZ+twz 0.05£004pb H H—H Cismrorzan
- ATLAS, L, =140 Ib™, Vis 1
fy prod. i+jets & dilepton  0-322 £ 0.005 £ 0.015 pb x 3 [m—— = ©
ty+HWy en 0.0396 +0.0008 *5 5022 pb x 20 e—i
fy diepton 0.175 +0.003  0.006 pb x 5 H e
1y hjets 0.798 +0.007 + 0.048 pb

prfminary
oo Lo o 1y o e e
0 0.2 0.4 0.6 1 1.2 14
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(tf’y ) [arXiv:2403.09452]

2 10° LAARA RN AR AR RN RN AR
o ATLAS
3 (s=13TeV, 140 fb™ ® Data Mty production:
G 10¢LDiepton [y decay [h-fake y
5 0,,206 [le-fakey [JOther y
fir Pre-Fit 7/ Uncertainty
@ Radiative production: probe structure of ty coupling
@ NN to enhance separation between photons from
production and decay
@ Sensitive to top quark anomalous dipole moments, £
. . . g
EFT interpretations (dim-6 operators - CtW, CtB) & or
0 50 100 150 200 250 300 350 400 450 500
= T RS LA R s L S p.(y) [GeV]
H ATLAS ATLAS ® Unfolded data
H Vs=13Tev, 140 15 = 13 TeV, 140 o' aMC@NLO+P8 3 U R B B LR BN
5 ol S ienon  diepon Szt 3 ATLAS e — dyony
glg Slalr‘:mcerlamly o SMEFT A=1 TeV fty +tiz
1 Total uncertainty «  Global mode
Global quadratic it, marginalised 68% CI
k: 95% Cl
_1_,1 RICwI— e —
107 | S(Cuml— B — -
T Ry S[Csll~ —— -
50 100 150 200 250 300 350 400 450 500 GHH\ZHH\‘HHA‘HW\HHZ\HH
P, (v) [GeV] Partcle level  [GeV] - h -

CIN? [Tev-2]
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https://arxiv.org/abs/2403.09452

Top quark mass

Indirect measurements from cross section:
~ 1% precision (clear interpretation)

@ Direct measurements from top quark decays: °

better precision

@ Mass from boosted top-jet: Future prospects in

Top quark physics

Run-1 top quark mass
combination [arXiv:2402.08713]

Combination of 15 input
measurements
(6 ATLAS + 9 CMS)

precision & theoretical interpretability @ Detailed study of correlations
o . : . )
Alternative measurements: sensitive to @ Consistency checks among
different systematics measurements
ATLAS+CMS E=78Tev
s BOT— & 175ratLAs+cMs E
Giopon 7 Tev jSX [7, simutaneoss 1
lepton+iets 7 TeV' e 1%} b * combination 1
a1 v 2 1
omilt, o G 174f ot 1
all-jets 8 TeV 1737 02) F 95% CL 1
cononed » Termomcomsom [ 1
LHCtopwG
doton7Tov —p— masimponsim
ot 1 Tev  and
iepona v i
a8 Tev b
i 7oV o
iy Teu .
S — r 1
dyereca o - r 1
ATLASSGUS Lo L 3
Gepon . P r ]
oot 4 raiere r 1
other s s T I H‘\Huwr
NI f’i“‘\“‘f‘f’”‘ ° 71 172 173 174
165 170 175 180 185
m, [GeV] miTAS [Gev]
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https://arxiv.org/abs/2402.08713

Top quark physics

Observation of top quark enta nglement [arXiv:2406.03976,arXiv:2311.07288]

@ Sufficient condition for entanglement from spin correlation matrix
o Using diagonal elements: A = Gz + |Ci1 + Co| > 1

Particle-level D

e Entanglement proxy D = —A/3 = —Tr[C]/3 (for small m;;) can be extracted

from angle between decay products
do
édcosq& = %(1 - DCOSQS)

— D < —1/3 established at 50 level
o1l ATLAS dom
/s =13 TeV, 140 ft'
-02
¢ =
,,,,,,,,,,,, [ J
-03
]
o4 | | —.— Limit (Powheg + Herwig7)
-—-- Limit (Powheg + Pythia8)
[ ] === Theory Uncertainty
-0.5 @ Data
@ Powheg + Pythia8 (hvq)
§ W Powheg + Herwig? (hva)
-0

340 <mg < 380 380 < my; < 500 mg > 500

Particle-level Invariant Mass Range [GeV]
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g I v B 7, dileptonic B ti dileptonic
= 50000F [ Diboson  ESI tw Stat@ Syst
£ E tfother W Zsjets ¢ Data
[
|} 40000 post-fit
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https://arxiv.org/abs/2406.03976
https://arxiv.org/abs/2311.07288

Top quark physics

Taking it a step further jcvs ras-top-23.007)

@ Measuring the correlation matrix in single-lepton
tt events

@ All coefficients of polarization vectors and
correlation matrix from fit to the angles of two

decay products
@ Using NN to reconstruct the tf system

@ A from the full matrix, or from two proxies: D
and D = 3(Gs3s — Gi1 — Cx) for high masses

@ Higher my; reach - why is it relevant?

o Large fraction of events with space-like

separation
o Prospects for Bell inequality tests

C. Diez Pardos

1
CMS_preliminary 138 fb” (13 TeV)
inclusive
| Dg=0.663£0.029 + Data
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G, | oswsoow rof
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Coe LA e B,

-05-0.4 0.3 -02 -0.1 0
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n
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m(tf) > 800 GeV
|cos(B)| < 0.4

m(tf) > 1000 GeV
|cos(0)] < 0.4
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-007/

Top quark physics

Charged-lepton-flavour violation (CLFV) [CMS-PAS-TOP-22-011]

138 b (13 Tev)

© R B A e
3 4.5 CMS CLFV ES%exp Obs.
Preliminary Scala
x Vector
c Tensor s
= 959 CL upper limits
1
=
[:1]

@ Lepton flavour conservation arises due to an
accidental symmetry of the SM

@ Violation possible in the SM via neutrino mixing
at loop level (BR(p — ey) < 107°°1)

u(e)

ule) ! a

@ cLFV featured in several BSM models 05 01 015 02 03
(leptoquarks, SUSY, 2HDM) and interpreted in Blt~ pru) 10
tems of EFT Y

@ Searches for eutq and Tutq vertices, both in ? 1-2;’pre‘immaw §§§r = ]
production and decay 55 iF 95% CL upper imis

b u(e) [3) £

O 2 0 25 0 3
IN? (TeV?) 2547
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-011/

Top quark physics

Baryon number violation (BNV) [PRL 132 (2024) 241802]

CMS 138 fb™' (13 TeV)
95% CL upper limit
. A Obs. (Il=p, Ca) o Obs. (=e, Ca)
. Production c s Obs. (=, C‘] o Obs. (e, c|]
+ 1o exp. I £ 20 exp.
— BNV vertices W om
todul| . . ° "
. - & -
t — dcl -—
—_—
@ Search for BNV interactions in top quark t - bul g
production (first time) and decay !
A =
@ Selection: two oppositely-charged leptons (e, i), t — bel -
exactly one b-tagged jet and high missing -im
transverse momentum t — scl -
—
@ Upper limits on the strength of the BNV fo
. .. t — sul P —
couplings and translated to limits on the BRs for —
the BNV top quark decays cecd covd i s
10° 102 107 1 10
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.241802

Top quark physics

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or ¢) and neutral boson (v, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ~ 10~

Any observation of FCNC can
indicate new physics!

C.

Diez Pardos

ATLAS+CMS Preliminary 95%CL upper limits <—@ ATLAS <—@ CMS

.04857 subm.
LHCtopWG [1]JHEP 12 (2015) 061 [2] arXiv:1610.04857 subm. to JHEP
[3] JHEP 04 (2016) 035 [4] EPJC 76 (2016), 55
November 2016 [5] arXiv:1610.03545 subm. to JHEP [6] EPJC 76 (2016), 12
(7] CMS-PAS-TOP-12-039
Each limit assumes that N —
allother processes are zero  Theory predictions s 2HoMEY) - [zHom(Ee)

from arXiv:1311.2028  [Jmssm [7]RPV Brs
) P T

AR

R
S

t—=Hc
t—=Hu
ee| | ==y
t—=yu
t—=gc
t—gu
t—=Zc

t—=Zu

1077 107 107
Branching ratio
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Top quark physics

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or ¢) and neutral boson (v, Z, H, g)

@ Forbidden at tree-level in SM

@ Heavily suppressed at higher
orders via GIM suppression

@ BSM can enhance FCNC BRs
up to ~ 10~

@ Any observation of FCNC can
indicate new physics!

ATLAS+CMS Preliminary 95%CL upper limits
LHCtop WG

September 2017

all other processes are zero

<@ ATLAS <@ CMs
[1] arXiv:1707.01404 subm. to JHEP 2] JHEP 02 (2017) 079

[3] CMS-PAS-TOP-17-003 [4] JHEP 04 (2016) 035
[51EPIC 76 (2016) 55 [6] JHEP 02 (2017) 028
[8] JHEP 07 (2017) 003
2HDM(FV)  [T]2HDM(FC)

Slmssm [Frev RS

§ S —e W
@
&3]

[7) EPJC 76 (2016) 12

Each limit assumes that —_sM
Theory predictions

from arXiv:1311.2028

C.

Diez Pardos
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Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or ¢) and neutral boson (v, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ~ 10~

Any observation of FCNC can
indicate new physics!

C. Diez Pardos

[3] JHEP 06 (2018) 102
5] EPJC 76 (2016) 55

September 2018

[7] JHEP 07 (2018) 176
Each limit assumes that [9] JHEP 07 (2017) 003
all other processes are zero Theory predictions

ATLAS+CMS Preliminary 95%CL upper limits €@ ATLAS <—@ CMS
LHCtopWG [1] ATLAS-CONF-2018-049

—SM 2HDM(FV) [[]2HDM(FC)
from arXiv:1311.2028 SmssmEARPY Elrs
° ="

[2] JHEP 02 (2017) 079
[4] JHEP 04 (2016) 035
[6] JHEP 02 (2017) 028
[8] CMS-PAS-TOP-17-017

107" 107" 107"°
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p quark pl

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or ¢) and neutral boson (v, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ~ 10~

Any observation of FCNC can
indicate new physics!

C. Diez Pardos

from arXiv:1311.2028

ATLAS+CMS Preliminary 9s5%cL upper limits <@ ATLAS <—@ CMS

LHCtopwG [1] JHEP 05 (2019) 123 2] JHEP 02 (2017) 079
3] JHEP 06 (2018) 102 [4] PLB 800 (2019) 135082 (LH only)
September 2020 [5] JHEP 04 (2016) 035 6] EPJC 76 (2016) 55
[7] JHEP 02 (2017) 028 8] JHEP 07 (2018) 176
Each limit assumes that [9] CMS-PAS-TOP-17-017 [10] JHEP 07 (2017) 003
all other processes are zero Theory predictions —sM 2HDM(FV) () 2HDM(FC)

BRs

107 10 1070 107
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Top quark physics

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or ¢) and neutral boson (v, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ~ 10~

Any observation of FCNC can
indicate new physics!

C. Diez Pardos

LHCtopwG

May 2022

Each limit assumes that
all other processes are zero

ATLAS+CMS Preliminary 95%cL upper limits €@ ATLAS <—@ CMS
[1] ATLAS-CONF-2022-014

(3] arXiv:2205.02537 (LH)

5] EPIC 82 (2022) 334 (LH)

[7] ATLAS-CONF-2021-049 (LH)
[9] JHEP 07 (2017) 003
Theory predictions

from arXiv:1311.2028

=—SM

[2] arxiv:2111.02219
[4] HEP 04 (2016) 035
[6] JHEP 02 (2017) 028
[8] CMS-PAS-TOP-17-017
2HDM(FV) [ZJ2HDM(FC)
BRs

8]

(2

A<T®, 1 f

10—10

1 0—13
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p quark pl

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or ¢) and neutral boson (v, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ~ 10~

Any observation of FCNC can
indicate new physics!

C. Diez Pardos

LHCtopwG [1] arxiv:2208.11415
(3] arXiv:2205.02537 (LH)
[5] EPIC 82 (2022) 334 (LH)

ATLAS+CMS Preliminary 95%cL upper limits €<~@ ATLAS <—@ CMS

June 2023 2501 11605 (L1 [6] JHEP 02 (2017) 028
[7raniv L) 8] CMS-PAS-TOP-17-017*

Each limit assumes that [9] JHEP 07 (2017) 003

all ofher processes are zero Theory predictions —SM  [12HDM(FV) [D2HDM(FC)
from arXiv:1311.2028 CIMSSMIZRPY  EIRS

*Preliminary
[2] PRL 129 (2022) 032001
[4] CMS-PAS-TOP-21-013*
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p quark pl

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or ¢) and neutral boson (v, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ~ 10~

Any observation of FCNC can
indicate new physics!

C. Diez Pardos

ATLAS+CMS Preliminary 95%cL upper limits <@ ATLAS
LHCtopWG [1] arXiv:2309.12817

(3] PLB 842 (2023) 137379 (LH)
November 2023 5] EPJC 82 (2022) 334 (LH)

[7] PRD 108 (2023) 032019 (LH)
Each limit assumes that [9] JHEP 07 (2017) 003
all other processes are zero Theory predictions —sm

from arXiv:1311.2028

t-Hc

t-Hu

t-yc

t-yu

t-gc

t-gu

<@ cms “Preliminary
[2] CMS-PAS-TOP-22-002*
[4] CMS-PAS-TOP-21-013*
6] JHEP 02 (2017) 028
8] CMS-PAS-TOP-17-017*
2HDM(FV) [[)2HDM(FC)
BRs

]
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Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or ¢) and neutral boson (v, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ~ 10~

Any observation of FCNC can
indicate new physics!

C. Diez Pardos

t-Hc
t-Hu
toyc
toyu
t-gc

t.gu

No

ATLAS+CMS Preliminary 95%cL upper limits <@ ATLAS <—@ CMS
LHCtopwWG [1] arXiv:2404.02123
[3] PLB 842 (2023) 137379 (LH)

*Preliminary
[2] CMS-PAS-TOP-22-002"

4] arxiv:2312.08229
April 2024 [SJEPIC 82 (2022) 334 (LH) (6] JHEP 02 (2017) 028
[7] PRD 108 (2023) 032019 (LH) (6] CMS-PAS-TOP-17.017*
Each limit assumes that [9] JHEP 07 (2017) 003
all other processes are zero Theory predictions —sM 2HDM(FV) [[J2HDM(FC)
from arXiv:1311.2028 [IMSSM [SIRPV [Rs

[
2
a
2

)l

1076 1072 107 107 10™ 107

Branching ratio

signs of flavour physics associated to top quarks,
approaching sensitivity to BSM
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The Higgs sector

Gluon-Gluon Fusion H
° H
H

- Higgs-Boson Production Cross Section in pp
T

1 T g
9 t 2
= H
= oo 0D i
Vector Boson Fusion (VBF) £ H
a q 1 - H
a
g
v

Higgs BR + Total Uncert
=) =

Assoclatec Prockicilon with W and Z 1%

-
- 3
" 10
a wz | M,=125Gev_|
E MSTW2008
; é é 1‘0 1‘1 1‘2 1‘3 12
Vs [Te! 4 n
1070 200
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The SM Higgs boson: status

@ Mass from Run 1+2 ATLAS combination:
mpy = 125.11 £ 0.11 GeV (syst: 0.09 GeV)

@ Indirect Higgs width from offshell:
M =4.6735 MeV

@ Probe couplings by measuring accessible
production and decay modes

@ Ongoing studies include:

o Detailed kinematic studies of observed
modes

o Searches for rarer production/decay
modes (bbH, tH, cc and uu)

o Higgs self-couplings

CMS 138 fb? (13 TeV,
>|:) 1FT [
IS m,=125.38 GeV wzle
5 107F 4
£
o 2 T :
107 ¢ . 4
f Vector bosons
$  3“ generation fermions
10°%Fp . 4
§“" [ generation fermions
T e SM Higgs boson
10k 4
s l4py } } !
2 1.2¢ l 105 H E
.5 10...{ ........................ %+ .................... 1.00F---k1- 3
T 0.8¢ 0.95 3
X .t L L 1
107 1 10 10°

Nature 607 (2022) 60-68,
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Particle mass (GeV)

Nature 607, 52-59 (2022)
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https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04893-w

SM Higgs boson production and decay

[Nature 607 (2022) 60-68, Nature 607, 52-59 (2022)]

@ Main production and decay processes observed, measured with better precision than

10-20%

g 10% 3 s g 5
[=% E | = e El
P ATLAS Run2 7 [ £ - ATLAS Run2 7
9 = R = r - 7
2 o101 — —
& 10 E E _% 10 E —-— El
I F - E e F I 7
<t C b & r ]
o Iz 21 0102 E 3
1E ——— El E % B
F ¥ Data (Total uncertainty) 3 [ # Data (Total uncertainty) —==— 4
r DSyst. uncertainty 7 10° E D Syst. uncertainty 3
1 04 E . SM icti — £ T 3
E prediction =| E . SM prediction —
s gttt s bt : t ]

o L 310 B o1ef 13
2 7 o t ]

il 1 =0 o 1 % ] 2
g I E T 08 ‘%_

o 05 | | | I =-10 o £ I I I L L 1!

ggF + bbH  VBF WH zZH tH tH bb ww 23 2z 122 zy ap
Production process Decay mode
""" ottt blet wiz : v
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https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04893-w

Events / 2.0 GeV

precision and searches

34.7 b (13.6 TeV)

140 150 16
My [GeV]

S/(S+B) Weighted Events / GeV

34.7 b (13.6 TeV)
Ty
A Gategories E
515+ weighed
¥ Data
— s it
8 component
Wsic El
20 E|

i 5 e

T T T
B component subtracted

k3
At S e

@ Inclusive/differential measurements in H — vy and H — ZZ
@ Using data from 2022: measurements statistically limited

5.11° (7 TeV), 197 b (8 TeV), 138 1o (13 TeV), 35 b (136 Tev)
LSRR AR A A A LR A

E CMS Preliminary

Run 1 Data (stat € 5y30)

Run 2 Data (stat O syst)

Run 3 Data (tat 0 5yst)

—— Systemaic ncerainty

Standard mode (minoH, m, =125.00 Gev) E
Standard mode (NNLOPS, m, = 125.38 GeV)

/T‘r‘rm C(H - A+ X

yq (fb)

Ll
9 10 11 12 13 14
Vs (TeV)

Higgs bosons at 13.6 TeV [cvspasHic 24013, cms-Pas HiG-23-014]
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-013
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-014

Higgs sector: precision and searches

Open questions where the Higgs boson can help

@ What is the origin of quark and lepton masses?

e Fermion flavour violating Higgs boson decays
o Are there modified Higgs couplings to other particles

@ Why is the EW interaction much stronger than gravity?

o Are there anomalies in interactons with W, Z bosons?
o New particles at the TeV scale
o Is the Higgs boson elementary?

@ What is dark matter?

o Can the Higgs boson provide a portal to dark matter?
o New decay modes of the Higgs boson?
o Higgs lifetime consistent with the SM?

@ Why is there more matter than antimatter?

o Higgs boson self-coupling: strong first-order Electroweak Phase Transition?
o Are there multiple Higgs sectors?
o Are there CP-violating Higgs boson decays

From N. Berger, ICHEP2024 based on G. Salam et al, Nature 607, 41-47 (2022)
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Higgs sector: precision and searches

Precision Higgs - VH to bb/CC [ATLAS-CONF-2024-010]

@ H — bb: largest Higgs BR (58%)

@ H — cc: largest BR to 2nd gen. fermions (2.9%)

@ Require b-jets or c-jets, split signal in Np =0 (Z — vv), 1 (W — €v) or 2 (Z — £0)
@ Cross-check analysis: observation of VZ(bb), VZ(cc)

a

oI e N B RS AR e o
03_> E ATLAS Preliminary
20 IS =13 TeV, 140 fo*
T T T T T T T T E o/
ATLAS Preliminary vH, H- bbict, (=13 TeV, 140.0 fiy 15 Vi, H-~ bbice
—Total — Stat. Tot. (Stat., Syst. )| =
WH, H- bb L 095 "o (314,283

o

ZH,Ho bB| bt 0.87 0% (9. 018

Observed 95% CL. o SM
Expected 95% CL. + Observed Bestfit

Comb. VH, H- bb [ ] 0.91 *016 (+0.10 4012 bserve
— Observed 68% CL. (uth2)=(0.91,1.0)

014 \-010-011

L . I I I I . ~20F... Expected 68% CL.
06 08 112 14 16 18 2 22 Jo{ T ISP ISR ISR I I R
b -25
VH
. . ubb
First observation of WH — bb (5.30) VH

LvH—sce < 11.3 95% CL (10.4 exp.)

Best limit to date
CMS Results with similar sensitivity PRD 109 (2024) 092011
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/

Search for pp — H(—) ’y’y) + ¢ production [cvs-pas-HiG-23.010]

CMS Pre//mlna/y e 138 0" (13TeY)
@ Potential to constrain k., also large zsooé:'t‘ll;lsinm—lﬁaaeev s
contributions from non-x.-dependent diagrams 3 S

20000% e Continuous background:

—— S fit compoment
—— B-component

@ Large backgrounds: focus on H — 7+ decay
@ o(cH) ~ 90 fboxBR(H — yy) ~ 0.2% — 0.2 fb

@ kc-dependent part: pcy < 243 (355),
Ike| < 38.1 (72.5) at 95% CL .

@ Also new ATLAS measurement, target inclusive
H+ c: o(H+c)=5.2+3.0 pb (SM: 2.9 pb),
< 10.4 pb at 95% CL [arXiv:2407.15550]

1500

1000

\\\\HH\HH\HH\HHF‘HH

S/(S+B) Weighted Events / GeV

L L L L L I
100 110 120 130 140 150 160 170 0
m,, (GeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-010
https://arxiv.org/abs/2407.15550

Higgs width from tttt + on-shell Higgs prxiv2407.10631)

On-shell Higgs Off-shell Higgs ’
Integrate out the mass do gl-zgf2 (m= —my)* > myl™
k'izg/z dm? "~ (m2—m3)? + m2F2=’ do 88
- H H —
myl t dm?  (m?— mp)?

@ Higgs couplings from on-shell cross-sections and
BRs: assume SM Higgs width (4.1 MeV) or an : :
£ ATLAS — Observed ]
SM-llke dependence 5? Vs =13TeV, 36.1- 140 fb* E

«--- Expected

-2inA

1= i eweL /4

@ Processes like tttt with an off-shell Higgs have
negligible width dependence: width-free
determination of couplings %

t E Bl
g B o ]
H < 10
= T [Mev]
p ) t
t

Assuming loop-induced coupling

— Combined on- and off-shell measurements:
constraint on the Higgs width (Nature 607, 52-59
(2022) + EPJC 83 (2023) 496, EPJC 84 (2024) 156)

modifiers are parametrized
independently of tree level ones
(minimal model dependence)
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https://arxiv.org/abs/2407.10631
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0

Higgs boson pair production at the LHC

HH production to directly probe Higgs self-coupling and hence electroweak symmetry
breaking (EWSB) mechanism

@ Access to shape of the Higgs potential

1 1 m? m?
LD -AMH 4AH3—Z0H* = SmyH?>4H B3 |- —Hpt
vERTRAVEE Y 2 M S, 8v2

An alternative

9 _-h 9 7T000) -==h potential
! _/1_ . ~ ! Standard Model
9 ~ho g oo -==h potential

Tri-linear coupling Yukawa interaction

Vig)

e Very small SM cross-section due to
destructive interference with diagrams with
Yukawa coupling: osm(HH) = 33.5fb at v
13 TeV —1000 smaller than pp — H

Higgs field value
in our Universe

Current
experimental
knowledge

0 1
@ Also accesses other interactions, ¢

e.g. VVHH (Kuz\/) Nature 607, 41-47 (2022)
See new result: CMS-PAS-HIG-24-001
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-001/index.html

Higgs sector: precision and searches

HiggS boson self—coupling [arXiv:2406.09971]

modes: gluon-gluon fusion (ggF) and
vector boson fusion (VBF) ggF:31fb oo

@ Combine HH — bbrT + bbyy + . R
bbbb + multileptons + bbll + E+:

bb ww i 7z vy

@ Focusing on the two major production ”Mw> L

ww 25% || 4.6%

| 7a% ||| 27% || 039%

2z || 3% ||| 11% ||| 033%

e Using cut-based and multivariate
techniques
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https://arxiv.org/abs/2406.09971

Higgs sector: precision and searches

Higgs boson self-coupling: Results faxiv:2406.09071]

@ Close to within 1o of the SM

o fiHn < 2.9 (obs) and 2.4 (exp)

at 95% CL

e Sensitivity dominated by ggF mode

o Also Effective

interpretation to probe low energy
dynamics of EWSB with 3 Wilson

field theory

coefficients
< T T T T ~
c [ ATLAS —— Combined  —— bbyy
~ 7F .~ Multiepton —— bbbb
Y TEVS=18Tev, 126140t ) e e
HH combination
B All other k fixed to SM —— Obs.: 95% CL[-1.2,7.2] ]
-=- Exp.(SM): 95% CL[-1.6,7.2]
5 1
\
i
aF |\ /
1
'
3
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S
0
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Yy 0.26%
—e— Observed limit (95% CL)
ATLAS Expected limit (95% CL)
Vs =13TeV, 126—140 fo-" (Hr1 =0 hypothesis)
Ogmr.var(HH) -32821 1 =3 Expected |!mll 1o
Expected limit +20
E== Theory prediction
Obs. Exp.
bbi + Episs| 290 400
Muttilepton| 490 340
bbbb| 160 240
bbyy 120 160
bbT+T™ 170 100
Combined| ; 86 7
H T | T
20 50 100 200 500 1000 2000
Oggr + ver(HH) [fb]
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https://arxiv.org/abs/2406.09971

Search for HH — bbVV [CMS-PAS-HIG-23-012]

@ Search for HH — bbVV production in fully
hadronic final states (unexplored before)

@ Boosted regime: merged large-radius jets
q

B-only Post-Fit VBF Region

B mg_lvﬂ_sr}’le‘/rmmal‘y . . 138 m—“ (aTey)
. | = é.‘m T o sackwé‘ﬂmwi
@ Use H — bb and new H — VV — qgqqg taggers

Q@ upH < 142 (69 exp.) and —0.04 < Koy < 2.05 T r ]
at 95% CL I uﬁ |

@ ATLAS: search in VBF HH — bbbb, o7 et ‘L : |
0.55 < Koy < 1.49 at 95% CL [arXiv:2404.17193] l } t ‘ 1
;BI [H Lﬂ R
' me, (GeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-012/
https://arxiv.org/abs/2404.17193

Direct Searches

Searches

higher energy scale
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higher masses
N

?

lower interaction strength

- - o
intensity | £ %
. =y
frontier | & 'O’o,h ey Sloy
. - o Dy A,
axions, DM, 5 'Sty (902
hidden sector 80 aced
S

&
&
<

* Courtesy of J. Knolle (LHCP2024)
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Direct Searches

LHC experiments search strategies

@ Precision measurements & searches for rare process and unconventional final
states

o No BSM evidence yet: sensitivity on a wide range of phase space established

@ Gain in luminosity and improvements in detector technology enhance potential
for discoveries during Run 3

e Probing various scenarios: Dark Sector, exotic signatures, heavy particles

o Exploiting standard and exotic signatures: Boosted jets, disappearing jets,
emerging jets (with Al taggers), showers in muon detector, etc

e Data scouting / trigger analysis level allows to extend reach in the low masses
regime (heavy neutral leptons, long-lived light particles...)

C. Diez Pardos LI - International Meeting on Fundamental Physics 41/47



In pictures: Search for BSM processes

-95% CL Lower Limits

ATLAS Proliminary

S _coms o,

C. Diez Pardos

B(H-ss)
-

=y

0o

AS Preliminary (March 2024) (5=13TeV, 36-1:
ﬁm,—mm,—mm%mm,—l.v,—mw :

\\' (i~ / /{/

™
Prompt

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

searches .
ZEon system (2 vix only), 139

—— Cometer 133 1o
HER 0 a0z 005

< Tracker thion System, 3 1 *
Prys e ©10 (020 055013

PR
arep i o) 22

o Tacker (o-ag) 3610

ATLPHYS PUB 2021020
513 TaV combination
52

LI - International Meeting on Fundamental Physics

L vl ol
100 10° 107 100 1 10 10 10

ctm]

—— Tracker, 375140 "
prentic

P masses
Wsocer Wiszocer zsascev

wcew Wessocey Wy

42/47



Direct Searches

Search for Iong—lived heavy NEeUtrinoS [HEP 06 (2024) 183]

@ Search for HNLs in B decays

© Based on the special data stream recorded in
2018, designed to collect O(10™) bb events B

fy=pore

* = p* ore*

w

@ Parametric NN for optimal signal /background separation to different HNL masses

@ Limits set in Dirac and Majorana scenarios
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41.6 fb~! (13 TeV)

o o
[
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o
2
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o
o
)
e A N RARARRRS

Strongest limits on sum of squares of light-heavy mixing amplitudes from a collider for
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-019/

Resonances decaying to displaced jets [cms rasexo-23.013]

@ Search for displaced jets with Run 3 data (2022)
@ Model: Higgs boson decay to two long-lived neutral scalars 2

@ Sensitivity significantly improved thanks to

o displaced vertex reconstruction
o novel displaced dijet identification based on graph NNs

34.7 fo (13.6 TeV)
T

%] F T T T T B
= C | -1
S L CMS } oms ] ool 107 (18.6 TeV)
> E Preliminary El F 1
P k 3
w 06 redicted background 3 10'ECM S_ _
10 Gomn mg=40GeV, ct,=1mm g Preliminary
E g9 -HH-SS 3 10%
Fosowm mg =40 GeV, ¢ty = 10mm ] H - SS s, disp. jets E|
,: S . bp e Phys. Rev. D 104 (2021) 012015 |
BH - SS)=1%  -eeen mg =40 GeV, ct, = 100 mm 3 107 13210 (13 Tev)
3 mg =40 GeV

CMS, 2 + disp. jets
-+ JHEP 03 (2022) 160
17167 (13 Tev)

10?

95% CL upper limits on B(H - SS)
5

B AL By AL e L UL L el

10t L L L L L L
096 097 0.98 0.99 0.995 0.998 09985 1.0

Displaced-dijet GNN score gdisplaced
New limits: improved sensitivity with respect to Run 2 with 1/4 of the luminosity!
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-013/

Dark mesons decaying to top and bottom quarks fxiv-2405 20061]
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@ Dark pseudoscalar mp and vector pp 2o
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https://arxiv.org/abs/2405.20061

Magnetic monopole pair production fxiv2408.1103s)

I e I B e e
ATLAS e Data, 262 pb™

_ [ Background
Pb+Pb s =5.36 TeV ) pkg. uncertainty
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@ Search for magnetic monopole pair
production as highly ionizing particles
in ultraperipheral Pb+Pb collisions
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@ New data from 2023 with new triggers E la, =1,
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https://arxiv.org/abs/2408.11035

Summary

Summary and outlook

@ Well into Run 3 with very efficient data taking in 2024, excellent performance

@ Improvements in operations and performance play a key role to fully exploit
the potential of the LHC data

@ Entering the era of precision measurements

o Several results on EWK physics now competitive with those from eTe™
o Investigating subtle effects as in tt spin correlations

@ Continue to search for physics beyond the SM

e Exploring new areas of phase space
o Exploiting novel performance and analysis techniques

@ In parallel, good progress with HL-LHC upgrades transitioning into production
mode
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This is just the beginning

@ Phase-1l upgrade activities continually progress into production

@ The phase of testing, integration, and planning for the installation is starting

Forward detector
« Upgrade Luminosity Detector (LUCID) and Zero Degree Calorimeter (ZDC) to
cope with the higher rate environment (detailed discussion in poster session)

Upgrade of Trigger and DAQ

LO trigger at 1 MHz with 10 s latency, 10 kHz Event Filter output

Upgrade of Calorimeter
Electronics upgrade for LAr and Tile calorimeters

New High Granularity Timing Detector (HGTD)
Additional pileup with timing i

Forward region (2.4 < [y| < 4.0)

Low-Gain Avalanche Detectors (LGAD) with 30ps time resolution

Contributions to luminosity measurement

Upgrade of Muon system

New Inner Tracking Detector (ITk)
Additional trigger layers of RPC and

Full silicon tracker covering up to eta = 4
of MDT with sMDT in barrel inner station * From Y. Okumura, ICHEP2024

with at least 9 layers on individual tracks
Additional TGC layers in endcap inner station

Less material, finer segmentation

Upgrade trigger/readout
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This is just the beginning

@ Phase-1l upgrade activities continually progress into production

@ The phase of testing, integration, and planning for the installation is starting

L1-Trigger
https://cds.cern.ch/record/2714892
« Tracks in L1-Trigger at 40 MHz

+ Particle Flow selection

+ 750 kHz L1 output

+ 40 MHz data scouting

DAQ & High-Level Trigger

https://cds.cern.ch/record/2759072 N
« Full optical readout Barrel Calorimeters

https://cds.cern.ch/record/2283187

« ECAL crystal granularity readout at 40 MHz
with precise timing for e/y at 30 GeV

+ ECAL and HCAL new Back-End boards

« 60 TB/s event network
+ 7.5 kHz HLT output

Muon systems
https://cds.cern.ch/record/2283189
+ DT & CSC new FE/BE readout

+ RPCback-end electronics

« New GEM/RPC1.6<n<2.4

+ Extended coverage ton =3

Calorimeter Endcap \
https://cds.cern.ch/record/2293646
+ 3D showers and precise timing

+ Si, Scint+SiPM in Pb/W-5S

Tracker
https://cds.cern.ch/record/2272264
« Si-Strip and Pixels increased granularity
+ Design for tracking in L1-Trigger

« Extended coverage ton = 3.8

Beam Radiation Instr. and Luminosity
http://cds.cern.ch/record/2759074
- Beam abort & timing

. + Beam-induced background

Precision timing with: « Bunch-by-bunch luminosity:

« Barrel layer: Crystals + SiPMs 1% offline, 2% online

+ Endcap layer: . « Neutron and mixed-field radiation
Low Gain Avalanche Diodes monitors
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Credits and more information

@ Latest CMS results: https://cms.cern/news/cms-ichep-2024

@ ATLAS results: https://atlas.cern/tags/physics-results

@ Nice ATLAS and CMS overview talks at the LHCP24 and ICHEP24 conferences:
M. Pierini, M. Dunford, W. Adams, H. Gray, N. Berger, P. Sommer, etc.
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https://indico.cern.ch/event/1291157/contributions/5958001/attachments/2901064/5087563/CMSHighlights.pdf
https://indico.cern.ch/event/1291157/contributions/5957999/attachments/2901060/5087458/2024_07_22_ICHEP.pdf
https://indico.cern.ch/event/1253590/contributions/5814450/attachments/2869480/5023453/LHCP2024-CMS-wa.pdf
https://indico.cern.ch/event/1253590/contributions/5814445/attachments/2869555/5023791/LHCP_atlas_hgray.pdf
https://indico.cern.ch/event/1291157/contributions/5958057/attachments/2901051/5087675/Higgs_Experimental_Overview.pdf
https://indico.cern.ch/event/1291157/contributions/5958358/attachments/2902634/5091078/present.pdf

Precision Higgs - VH to bb/CC [ATLAS-CONF-2024-010]

Flavour tagging

VH(eo)
> 1tight c-tag
Lepton flavourep |= A Tooeu C o C
1 no tag "
1loose c-tag . . .
(CNtag)
1no c-tag High 4R RCR "R 4l
1 tight c-tag SR SR SR SR SR SR
g |2 e oy ;
1 loose c-tag ‘ -
1 tight c-tag oo o nc o
lC:CL tag) sa SR SR SR SR SR Note: CRHigh spiit into 1 loose c-tag + 1 tight
2tightc-tag | SR SR SR SR SR SR
(CiCr tag) - " - " ion o7 ion o7 ion o7 i o7 B R o= overyvher clss.
Commontop CR
1 tight c-tag
1 b-tag
(BCr tag)
Rosolved VH(ob) Boosted VH(Bb)
SR SR SR SR SR SR 3| = =
2b-ag
(BB tag) s s s s s s | = =
t T
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/
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