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HiLumi

LARGE HADRON COLLIDER

LHC / HL-LHC Plan
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—— New ATLAS detector

barrel New Small Wheel (NSW)
muon chambers muon chambers

barrel toroid magnet

Height: 25 m
Lenght: 46 m
Weight 7000 t

endcap

muon chambers inner detectors

Scientists: 6027
Institutes: 264
Countries: 47 t

endcap toroid
magnet

\ endcap calorimeters

barrel electromagnetic calorimeter

solenoid magnet

barrel hadronic calorimeter

 Extensive upgrades performed to prepare for Run 3
* Enphasis on making detectors & trigger as robust as possible
* First step to prepare ATLAS for HL-LHC



Run 2 Analyses

139 fb! collected
261 papers

ATLAS Diboson Searches - 95% CL Exclusion Limits

ATLAS Preliminary

Buk RS (k/Mp; = 1.0)

Gk = WW, ZZ — vvqq, (vqq, tlqq

resolved, boosted

0.3-2.0 TeV

Status: March 2023 £=139fb! Vs=13TeV

Model Channel’ Strategy* Limit Reference

Bulk RS (knre = 35, Ag = 3TeV) R — WW,ZZ - wqq. (vqq, tlqq resolved, boosted ' ' Eur. Phys. J. C 80 (2020) 1165

Bulk RS (knre = 35, Ag = 3TeV) R — WW — evuy resolved ATLAS-CONF-2022-066
PRl Buk RS (knre = 35, A = 3TeV) R— WW, 2Z - qqaq boosted JHEP 06 (2020) 042
g RS1 (k/Mp; = 0.01) Grk = Yy resolved | | Phys. Lett. B 822 (2021) 136651
é RS1 (k/Mp, = 0.05) Gk =YY resolved Phys. Lett. B 822 (2021) 136651
il RS! (k/Mp =0.1) G =YY resolved Phys. Lett. B 822 (2021) 136651
g Buk RS (k/Mp; = 1.0) Gy = ZZ = LLL'C Wit resolved 0.6-1.8 TeV. Eur. Phys. J. C 81 (2021) 332
Bl cuies (k/Mp; =1.0) Gri = WW = ey resolved 0.3-1.3TeV. ATLAS-CONF-2022-066

Eur. Phys. J. C 80 (2020) 1165

______________06-1.8TeV]
L 03-13TeV]
R
Bulk RS (k/Mp; = 1.0) Gkk — WW, ZZ - qqqq boosted JHEP 06 (2020) 042
HVT model A W’ = WZ - bt resolved arXivi2207.03925
HVT model A W’ — WZ — vvqq, (vqq, lqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model A W’ = WH - fvbb resolved, boosted arXivi2207.00230
HVT model A W’ — WZ - qqqq boosted JHEP 06 (2020) 042
HVT model A W’ — WH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT model A Z' - WW - evpy resolved ATLAS-CONF-2022-066
HVT model A Z' - WW - fvqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model A Z' — ZH — vvbb, (tbb resolved, boosted arXivi2207.00230
= HVT model A Z' - WW - qqqq boosted JHEP 06 (2020) 042
§ HVT model A 2" = ZH - qqbb boosted Phys. Rev. D 102 (2020) 112008
8 HVT model B W = WZ = vt resolved arXivi2207.03925
§7 HVT model B W’ — WZ - vvqq, (vqq, ((qq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
b"? HVT model B W' — WH — {vbb resolved, boosted arXiv:2207.00230
HVT model B W' — WZ - qqq9 boosted JHEP 06 (2020) 042
HVT model B W’ — WH - qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT model B Z' - WW - evpy resolved ATLAS-CONF-2022-066
HVT model B Z' - WW - (vqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model B Z' — ZH — vvbb, ((bb resolved, boosted arXivi2207.00230
HVT model B Z' - WW - qqqq boosted JHEP 06 (2020) 042
HVT model B Z' - ZH - qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT model C W = WZ - 't resolved I 03-0.34Tev ; ¢ : ; ; : ; : arXiv:2207.03925
0.5 1 1.5 2 25 3 35 4 45

HVT model A: gr = —0.55, gy = —0.56
HVT model B: gr = 0.14, gy = -2.9
HVT model C: gr =0, gy = 1
*small-radius (large-radius) jets are used in resolved (boosted) events

Many ongoing activitie

Twith € = p, e

Excluded mass range [TeV]

ATLAS

EXPERIMENT

—_—

Run 3 Analyses

66 fb! collected

100
90
80
70
60
50
40
30
20
10

-
>

Y

S —
ATLAS Preli
Y Hoyy 4 HoZZ"-4l

¢ CombinedH—yy + H—4l

I
minary
QCD scale uncertainty
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Re-observation of the Higgs boson

» In the Standard Model: 15" unpredictable parameters out of 19" related to Higgs sector
» Crucial to understand Higgs boson’s properties in various measurements
» Connect to unresolved questions in the Universe

)not including neutrino mass
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Higgs boson measurements
Typically divided in:

* Coupling measurements (event count in various phase space regions)
* Property measurements (quantum numbers and other properties using dedicated analyses)

— both sectors influence each other: mH determine the SM expectation for couplings

mw= gv/2 mw/mz = cos Bw My
1

1 1
j4 N, ol - - 4
st ZnZ") + 5 (— AR H® — MWH® — JAH* + ...

HVV and HHVYV vertices HHH and HHHH self-interaction vertices
~92v (~m2~) "'92 (~mZIV2)

1 2
Lew = 53,1H8"H + %(v + H)Q(W;W_“ +

AfU = Af =
‘CYuk,u.-gauge — jéwfb‘l’fk \/'%\I’fL \prH 1 e

me~ AtV Hff vertices ~mg¢/v



NEW

Mass not from SM -> determined experimentally
nteraction/coupling strengths of H with SM
particles depends on M,

Value of M, related to properties of H potential
(— to stability of EW vacuum)

ATLAS Preliminary o4  Total
Run1: /z=7-8TeV. 25/ ', Run 2: /s =13TeV, 140 b

Stat. only |  Combination

Total (Stat. only)

Run1 H - =+ | * 126.02 + 0.51 (+ 0.43) GeV
Run1 H — & : - { 124,51 + 0.52 (+ 0.52) GeV
Run2 H — e 125.17 + 0.14 (+ 0.11) GeV
Run2 H — 4i I—l—ll 124.99 + 0.19 (+ 0.18) GeV
Run 1+2 if — 125.22 + 0.14 (+ 0.11) GeV
Run 142 H — 4i 124.94 + 0.18 (+ 0.17) GeV

Run 1 Combined I 4 { 125.38 + 0.41 (+ 0.37) GeV

Run 2 Combined I—llr-l 125.10 £ 0.11 (£ 0.09) GeV

Run 142 Combined I-l-l 125.11 £ 0.11 (+ 0.09) GeV

T B T R S ‘ L R T IR R B
123 124 125 126 127 128

my [GEV]

1 &
/’\/

Higgs mass

Run 1+2 combined

/Huge efforts on y calibration in Run2 \
* Reduced y energy scale/resolution uncertainties

320 MeV (previous Run 2 results) -> 80 MeV

Measured M, with H>vyy (Run 1+2)
125.22+0.11(stat)+0.09(syst) GeV
(0.11% precision!)

Combine H - yyand H & ZZ - 4| (Run1+Run2)

\ e 125.11+0.09(stat)x0.06(syst) GeV /

) (0.09% precision!)




Run2 achievem
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Run 2 LU T e ATLAS public page
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10 5’: 18;_ s=13TeV,79.8 " -V!-I,H —->b5(u=1.06)_5
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_—— Ec%: ;: ﬁ 8 14:_ Weighted by Higgs S/B Dijet mass analysis .
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(\: 25: _ g::g:n:a+8ig (u=15) - . .
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nggs couplmgs

& [ ATLAS Run?
I Ke = Ky

+ K, is a free parameter

or \k
I I|IIII|

SM prediction

Higgs couplings agree with SM

1072 over 3 order of magnitude in mass!!

10_3 =3 =
/ = (Visible) Branching Ratios:
_ Force carriers Higgs boson B
04l ’ gy H] H -> vy: 0.23%
P . H -> pyt: 0.022%
A% r - -
5 1o E H->4l: 0.012% (4e + 4 + 2e2)
“ 1 S i ii 1 : H-> Zy: 0.010% (for Z -> ee, up)
0.8:_IIII| | | IIYIIIl | }I IIIIII| | ] IIIIII| I_:
107" 1 10 10°

Nature 607, 52-59 (2022) Particle mass [GeV]



Searches: we are exploring in all directions

Dark Matter

Invisible decays heavy

neutrinos

v
-~

Extra dimension

contact
Interactions

Highly ionizing
particles

Leptoquarks \
Axions ,/  WIMPS
” veakly interactin
vector like quarks

assive particles

Long Lived Particles

42




Delve deep, Search wild..

Snowmass Dark Matter report, 2209.07426

hidden

30 orders
of magnitude »
in interaction %,
strength

Dark Matter-SM Interaction Strength [cm?]

!

" keV MeV GeV TeV

e 30 orders of
- magnitude in mass

12



D a r k M a tt e r ENERGY DISTRIBUTION

OF THE UNIVERSE

DARK
ENERGY

Presence of Dark Matter (DM) well established.
Its nature Is an open question

DARK
MATTER

NORMAL MATTER

 Weakly Interacting Massive Particle (WIMP): an attractive option...

momentum transfer

Heavy, stable, & couples to SM
| MeV 10MeV I100MeV | GeV 10GeV 100 GeV | TeV |10 TeV

Naturally accounts for observed relic density

(WIMP Miracle) direct indirect LHC
detection detection searches

* But many other hypotheses and models, e.g:

Axion-like-particle (ALP)

Dark sectors consisting of many DM particles

1310.09420



Dark Matter

* DM candidates can be produced at the LHC but cannot be SM DM
observed directly = 2
8
* A SM particle is needed to recoil against DM candidates ;‘év
* Inferred through momentum imbalance (MET) in plane transverse to beam SM DM
* Visible particles from initial state radiation (ISR) or associated production can < ].
. . Indirect Detection
tag DM pair production
PRODUCTION DETECTION
g i SM particle:
q DM . quark, photon;
4 v 72, W, Higgs... o
SUSY 2023 I 14
v ;
Known DM !
particles particles ! .
N\ I "..‘
: X
\\\ :
q DM i .°o E UEE
| 4 Er




Overview of collider searches

SM X

“Direct” searches: X + ETmiss using ISR or associated production

=> Look for deviation from SM backgrounds
SM

=l > Mediator searches: bump hunt for mediator decays to fermions

=> Look for mass peak above background continuum

SM SM
Searches with a Higgs boson mediator N < X
) => Look for enhancement of Higgs boson decays to invisible H X

h

v Searches in the extended Higgs sector: Two Higgs doublet model extended
with a pseudoscalar A mediating the SM-DM interaction

\

Searches in Dark sectors: particles from a Dark Photon

shadowy sector that interact with particles Dark Higgs
from SM through subtle mixing oo




Missing transverse momentum,

The typical ATLAS WIMP search

Invisible
Dark Matter particle

* Any WIMP DM produced at collider experiments will »

interact weakly and pass invisibly through the detector

Invisible
Dark Matter particle

v

LHC collision
interaction .

 Theoretical models to optimize searches and
characterize a possible discovery, e.g:

LHC detector
transverse
cross-section

Visible particles:
photons, jets

Simplified s-channel model 2HDM+a model

SM X SM SM

Mediator

Mediator
SM . SM SM q
Small set of free parameters: M,, M4, 9, Two Higgs doublet extensions with an extra
d, 9, Complementarity between Mono-X pseudoscalar. Gauge-invariant. Richer kinematics

(X+MET) and resonance searches + phenomenology



g

Spin-1 Mediators

PHYS-PUB-2023-018

Spin-0 Mediators

PHYS-PUB-2023-018 .

e Scalar (¢) or pseudoscalar (a) mediator _o_/g_< ‘e Vector or Axial-vector mediator
* Yukawa-type couplings = ¥+ mono-jet/photon, di(b)-jet, TLA di-jet, dilepton
* heavy quark (b/t)-associated searches ¢ * Translated into spin-independent DM-nucleon elastic
* Dominate: tt+MET comb, tW+MET, bb+MET, mono-jet scattering cross-section limits > compared to direct searches

= -1 _ ]
s=13 TeV, 139 fb July 2023 — 107 T T8 s Dileppon q /
r\: 36.1fb"; JHEP 10 (2017) 182

O | misé; | | | | | | | | | | E A TLAS
o) bb+E OL, [JHEP 05 (2021) 093], (1 CAAT _
2 = - ! [ (2021) 0931, (1) ATLAS Prellmlnary - 2. 10 38 139 fo'; PLB 796 (2019) 68
& = —— Monojet, [PRD 103 (2021) 112006}, (2) All limits at 95% CL 3 = . agf¥S= 13 TeV, 29.3-139 fb'' Dilepton — Dijet
miIss u
\b B — tW+E_T 1L, [EPJC 81 (2021) 860], (3) Scalar (I), ¢_)xz' ] 8 10 JUly 2023 Dijet, 139 fb™'; JHEP 03 (2020) 145
2000 tj+E:'SS 1L, [EPJC 81 (2021) 860], (3) —g=1 S 1 0_40 Dijet TLA, 29.3 fb™'; PRL 121 (2018) 0i Z(’/A
= ——— tWHET™® 2L, [EPJC 81 (2021) 860], (3) gq_ gX = E’ —bpb
- ——— ti+ET"®° Comb., [EPJC 83 (2023) 503, (3) Dirac DM, mx =1GeV = 2 104 189 fo"; JHEP 03 (2020) 145
- — ~—— - miss —
100 I (1) DMbb, (2) j+4, (3) DMt + DMt — B 4 A4 - — B +X q f
1 O = ET+y, 139 fb™'; JHEP 02 (2021) 226
- — - Expected — = E™jet, 139 fo™'; PRD 103 (2021) 112006
= Observed 3 1 0—43 _E DarkSide-50 QF MIGD —E_‘ T ,
- = = 3 — DarkSide-50 QF MIGD
_ B 7 PRL 130 (2023) 101001
[ _ 10 44 = -
= 3 — PandaX
1 0—45 :E 1 PRL 127 (2021) 261802 q Y / V / g %
5 1—LZ
1 0_46 E arXiv:2207.03764
104 ¢ |
= Vector mediator, Dirac DM R
10—48_59 =0.1,9,=0.01,9 =1 Z5/a
49 ~ ATLAS limits at 95% CL, direct detection limits at 90% CL
1 0_ M 1 L3 a3 313l M 1 L3 a3 313l M 1 3 3 3331

1 10 102 10° q 5
ATLAS results are particulat)yGeV]

Strongest limits from new tt+MET combination EPJC83(2023)5us .
competitive for low DM masses



Combination and summary: 2HDM+a model

* Add complex doublet + pseudoscalar mediator + fermionic DM candidate _

3 of most sensitive searches combined statistically:

mono-H(->bb), Mono-Z(->Il), tbH(->tb)
Complementarity with lower-mass searches for pseudoscalars (2202.12631)

2HDM+a, Dirac DM, sin6=0.7,tanB=1,m =10GeV, g =1, mA= my=mg,
x X

2000————r————1—+ -
i ‘ | | | ’ k | | / | g
i : ATLAS 4"1 /‘ I'/'m >20%
1800}/ Vs =13 TeV, 139 fb” ¢
il . Limits at 95% CL
-1 —  Observed
1600 __’ / —. Expected
H :
14001 i
1200 'R ~ Not excluded
1000f .. .{- N
800}
| S ==
- - . =2
P s e
a00f AT =
| s/ e —a
I 2 TN
200 / [ | .\‘. PR [ T TN TN T NN SN TN TN T (N T S W |
100 200 00 400 500 600 700 800

m, [GeV]

Emss+h(yy) , 139 fb

JHEP 10 (2021) 13

EMSS+tVV, 139 fb-!

arXiv:2211.13138
— ET*+j, 139 fb"!
PRD 103 (2021) 112006

= titf, 139 b

arXiv:2211.01136

— h—invisible, 139 fb™!

arxiv:2301.10731

— Combination
E_Tiss'Fh(bB), E?iSS+Z("), tbH*(tb)

Wide range of masses
are excluded

t H/A
t
t

g

h—aa—SM resonance searches

2HDM+a, Dirac DM, sin6 =i.35, tanp=1,g =1, mA= my,=mg, =1.2 TeV
X

-

Example
signatures
Z/h
g b
a H X -
Y X ;
X 9 f

— EJ*+h(bb), 139 fb!
JHEP 11 (2021) 209

— h—invisible, 139 fb!

arxiv:2301.10731

— h—aa—pprr, 20.3 b

PRD 92 (2015) 052002

h—aa—ppup, 36.1 fb!

JHEP 06 (2018) 166

— h—aa—pppy, 139 bt

JHEP 03 (2022) 041

h—aa—bbbb, 36.1 fb'

JHEP 10 (2018) 031

— h—aa—bbup, 139 fb!

PRD 105 (2022) 012006
— Observed Relic Qh* =0.12

~
Mono-H(—bb)

s T
O ATLAS :
—10%} (s=8TeV,20.3f * :
Ex : (s =13 TeV, 36.1 - 139 fbrl--
Not excludec‘l“,..... /:
102 f
Observed &
- . Expected :
1o |
10 102 103
Invisible ]Higgs signatures m, [GeV]

kick in for lower DM masses

2306.00641



Combination and summary: Higgs portal

90% CL on the spin-independent WIMP-nucleon scattering cross-section

SM particles get mass through the "g _ v o 3 By <0.093
Higgs > DM could also be produced s 1097 ~ G= 7Tev, ari] OO
. . E = s | \s= 8TeV, 20.3fb™" | Higgs Portal WIMP:
In nggs decays ; o - \\ | 5=13TeV, 139fb7 o - Scalar
. . . . = :r R \ —: Majorana
SM Higgs invisible decays are <0.1% @ s e~ . T
10—45 z \ ' ‘-.s..‘_... ——————— _._”__E ---- VeCtorUVmodeI,a=
The analysis: B(H->inv),, < 10.7% @95%CL [ ] overaxpotmens:
: ol ™ oA T Xenon1T-Mig
B(H->inv) ,,,< (7.7%) @95%CL best to date : e neuing-mleus saerine DS50-MigNQ
- 4 — - DS50-MigQF
10—53 ;_ ; —: - = =+ PandaX-4T
Results also interpreted in the context - , 02 h T HUX-ZEPLIN
. . . 10" 1 10 1 10
of models with SM Higgs boson is portal to M [GEV]
dark matter The regions above the limit contours are excluded

Exclusion regions extend to very low DM mass Phys. Lett. B 842 (2023) 137963



ATLAS Preliminary

Only including models that survive external constraints P
EWKino scan, ATLAS exclusion s =13TeV, 140fb~’
| g Review of SUSY Dark Matter

1250;— ié

o0 g e« Scan exploring Phenomenological Minimal

0 s Supersymmetry (pMSSM: UV complete Model,

F £ normally simplified models are used)

250

O: v+ v+ : ) ° °
Spariicls  Tens of thousands of different models, with
gl;’l;LlnAc:ﬁdll?‘l;errlwlggclarl]satI:Zt su_rvive external constraints diffe re nt masses pFEdiCtiOnS teSted

_ _Bmo-DMscan,ATLAS exclusion vs =13TeV, 140fb~" 10
S 2000 _
©. 1750F E .
§1500 | [teeg * Impose LHC + external constraints
= 1500 . E . . .

ol _z e LEP, flavor, precision EWK, DM direct

1000} — %

750F S

500?— — E

250} _

"~ B B8 2 T B 24

Sparticle



ATLAS Internal EWKIino scan

V= 13TV, 1307, ATLAS oxclusion fracton 1 O

o
o

Fraction of models excluded

S
»

O
PN

O
n

&
(=

200 400 600 800 1000 1200
m(x; ) [GeV]

(a) All models
ATLAS Internal EWKino scan
Eﬂﬂ fl.ll._ﬁ!-i:hf.'-.::_.-i:.lE r-'.lrr.l-n:.-ﬂ .!h-nl gufmnnl !'.r.-"u:.Il.i R I _[]
3 =
— 500 E
& 08%T
£ 400 ) ot
= BRURE
300} ; E
04+
200 =
2
028
100 i
0™266 400 600 | 800 1000 1200 0O
mixy ) [GeV]

(e) Models passing all external constraints

- - L] FE O TR WA

Review of SUSY Dark Matter

* Almost full exclusion of low-mass x,, in regions where
it would not oversaturate DM relic abundance

* Surviving SUSY model: not excluded but with mass-
spectrum within published simplified model contours.

=
q.) [ ]
3 1200 Z/h funnel region
™~ 0
o i{n H*
©
E 1000 = X"g Xit
800
600 [~
X"ﬂ n
200
hﬂ
X —=
0

24



Dark sector searches

1901.09966
* DM in a hidden sector, with particles which Portal Coupling
don’t undergo SM gauge interactions Dark Photon, Ay —gcq-F, B*”

Dark Higgs, S (S + /\SQ)HTH
AXiOIl, a J?;,F F V > Gz uuGiwa —J’fa—¢7”75¢
Sterile Neutrino, N yyLHN

e May communicate with SM via mediators, which could be
DM candidates OR provide portals to them

 Coupling to SM encoded in a mixing term in the Lagrangian

e Can also have strongly interacting dark Very wide range of signatures to search for!
sectors with new SU(N) Mm} "
oA, (5 2%
Y | emeremwe L TG
* Dark quarks form bound dark hadron states V «

 Unstable dark hadrons can decay to SM quarks, others
traverse the detector - dark or semi-visible jets
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uncovered phase space!
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NEW Dark JEt ReSOnance Model: QCD-like dark sector

linked to SM through 7’

* Stable dark hadrons with unusual dijet signatures
(higher charged-particle multiplicity)

: Heavy mediator

e Search for dark jets bump in mass spectrum of two large-R jets

> L L L L
& | ATLAS Preliminary [ Background | o g2 ' T T T T T T
S | Vs=13TeV,139fb" ~ BumpHunter | —~.  E —e— Observed 3
3 102 el t Data = L ------ Expected .
§ E I;Ir _ - Expected +1c |
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i ‘ | S F - Jets wider and with
100k ied | 4 £ B . . g
| kd = higher multiplicy
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My, [GeV] CONF-2023-047

No excess found



NEW

Dark photons in rare Z decays

 Dark Abelian Higgs model adds dark Higgs hp for massive dark photon A’

* Z - hpA for light A" masses
®* A’ decays into lepton pairs (or hadrons)

Parameters:

Mpp, M,

coupling of A with SM (g),
coupling of A” with DM (o)
coupling of hy with H

2306.07413 submitted to PRL
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ALP search with AFP ooz

p p
ALPs with forward proton scattering in association with photon pairs

First BSM search using ATLAS Forward Proton (AFP) (ATLAS-TDR-024, ATL-PHYS-PUB-2017-012) 7 @" ’

4 tracking units located at z=+ 205 m and £ 217 m Y

* Diphoton resonance search in events with at least one proton tagged in AFP
p p
« Data-driven estimate of combinatorial background from photon pairs w/ protons from another collision
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NEW

 Search for pair of magnetic monopoles and stable particles with high electric charges

Highly ionizing particles

* Factor 3 better than previous x-section limits by ATLAS, with 36 fb
* First ATLAS limits on photon-fusion pair production mechanism.
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* HIPs produce TRT tracks with 6-rays — many high TRT hits (HT)
* Too massive to produce shower in EM calo — low lateral dispersion (w)



Conclusions

* ATLAS: taking data, preparing for an ambitious HL-LHC upgrade, and analysing its fantastic
Run-1, 2 and 3 data samples, with an extremely broad and diverse physics programme

* Search program is benefiting from ever more sophisticated analyses

e ~40 new results released this summer: most with well-understood Run-2 dataset, first
cross-section measurements at 13.6 TeV, incl. Higgs boson re-observation

* Succesfull DM search programme

* Probing a wide range of final states and models
 Range of WIMP hypotheses - still many options
* Many results on other options: dark sectors, ALPs

 LHC Run-2 results still coming and Run-3 dataset growing fast!
* Many new ideas, improved techniques and new theoretical models



Thank you!
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New ATLAS detector

Muon New Small Wheels to replace innermost forward Muon station to
rXiv:2305.1662 1) improve Level 1 trigger
~— 2) maintain good tracking in end-cap region e
b&rre, :tgyy'ards HL-LHC hlgh Iummosny and hlgh background rates

muon chambers

muonch e — —

Trigger And data acquisition systems

have upgraded hardware ad software

allowing the trigger to spot a wide range
~- of collision events (with same acceptance)

endcap
muon chambers

\\ ’//

endcap toroid
magnet

endcap calorimeters

barrel electromagnetic calorimeter

solenoid magnet
barrel hadronic calorimeter

New LAr Calorimeter digital trigger electronic boards:
improved trigger granularity!
g towards HL-LHC high luminosity and high background rates
" g ty g 9



Higgs production
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Higgs boson production cross

q

vector boson fusion (VBF)

section

I -
LHC HIGGS XS WG 2016

q

associated production with a
gauge boson (VH)

& < t

associated production with a
tt pair (ttH)

® | argest cross section for gluon fusion and vector boson fusion production modes

Higgs decay

¥ others
pbt; |39 _o.2°/|s - 0.2% _0.6%
|

ponty

charm/anti-charm, zz YY¥

® | arger branching ratio (BR) for
H — bb, H — WW* and H — 77,
however poor mass resolution and
large background contamination

tau/anti-tau
6%

2 gluons
9%

® H— ~yyand H— ZZ*(— 4l) have
lower BR, but high mass resolution;
can be used for precision
measurements

Higgs decay branching ratios



Combination of di-Higgs searches

* To directly explore the electroweak symmetry breaking and the Higgs self coupling

 HH — 4b, bbyy, bb1tt have been combined with single Higgs
Phys. Lett. B 843 (2023) 13774

* UHH: 2.4xSM (2.9xSM exp.) at 95% CL < O T—T—T——T 77
- [ ATLAS i
— - e H K 0Ny -
~ | Vs=13TeV, 126—139 fb~’ HH K o0l J

. . e A
* -0.4<kA <6.3 @95%CL (HH+H combination) | 8|~ Observed — HHAHEGON ]
- HH + H K, only: — HH + H K) generic -
6l | 95%: k) € [-0.4,6.3] | -
[G. Salam, Nature 607, 41-47 (2022)] - L‘}\ HH + H K, generic: _,,f .
I ) 95%: Kj € [-1.4,6.1] | i
An alternative - ) -
potential 4 {}'% / 99% o
Standard Model
potential
#4
— W 3
Vo) V(ig) = oK H* 4 AvH"® +
Higgs field value - - - 2
in our Universe probing Higgs self-interaction
/ Current and the shape of Higgs potential

experimental
knowledge
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LEP Combination
PR. 532, p119-244, (2013)

DO (Run 2)
PRL 108, p151804 (2012)

CDF (Run 2)

W boson mass with 7 TeV data

mW = 80360 £ 5 (stat.) + 15 (syst.) = 80360 £ 16 MeV

Overview of m,,, Measurements

ATLAS Preliminary

= & =

_____________________________________

Science 376, 6589, p170 (2022 : E 1@

LHCb 2022 . S
JHEPC(I)DLOQS (2022) = L -
ATLAS 2017 |
EPJ-C 78-2, p110 (2018) . Measurement : - @ =
Stat. Unc.
ATLAS 2023 [l Total Unc. |
o " 'SM Prediction _ T—
__________________ | ] |

60 60 60
s m,, [MeV
* Extremely sensitive probe of, w [MeV]

and constraint on, new physics

* Re-analysis: new log-likelihood fit
constrains systematic uncertainties
with data, more modern PDFs!
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