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ATLAS Status and Overview

Heather M. Gray on behalf of the ATLAS Collaboration
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i N ‘ Boosted HH — bbbb in vector-boson fusion
4 oo __ search, arXiv:2404.17193

e Current status

* Searches for physics beyond the Standard Model (BSM)

* Precision measurements of the Standard Model


https://arxiv.org/abs/2404.17193
https://arxiv.org/abs/2404.17193

Run: 329869

Event:

2017-07-16 14:42:56 CEST

1512463585
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Search a resonance decaying into a scalar particle

and a Higgs boson producing two bottom quarks
and two photons, arXiv:2404.12915

* Searches for physics beyond the Standard Model (BSM)

* Precision measurements of the Standard Model


https://arxiv.org/abs/2404.12915
https://arxiv.org/abs/2404.12915
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* Well into Run-3, with 28 fb-! of delivered proton- 100 o .
. . % _ Online Luminoéity _
proton luminosity at 3.6 TeV £ 801~ [HuHe peivered B
e |91 nb'! of PHIPb data during 2023 8 L oo _
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e LHC is currently leveling at 4 = 63 A
2 20 e
* 94% ATLAS recording efficiency F. I L
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* Already 9 Run-23 papers Month in Year
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® Many results shown use Run-2 dataset 200/ ATLAS Online E
C Vs =13.6 TeV, 825’

* |40 fb-! and uncertainty 250w znzzig =428 E

— B 2023:(u)=50.9
200 I 2024:(u)=53.6

Recorded Luminosity [pb"/0.1]

. o o ° - B Total:(u) =47.7 (%

* Run-2 results summarized in six physics reports 150" [

: 1001 g

* Run-3 performance: detector, trigger, software & £ ;-
computlng Oo:' ~70""20 30 40 50 60 70 80

Mean Number of Interactions per Crossing
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3

& Operations Highlights

Sagitta residuals after muon alignment
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetTriggerPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetTriggerPublicResults
https://atlas.web.cern.ch/Atlas/GROUPS/MUON/PLOTS/MDET-2024-03/
https://atlas.web.cern.ch/Atlas/GROUPS/MUON/PLOTS/MDET-2024-03/

Performance Highlights

compared to Run-2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2023-02/
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ATLAS Phase-Ill upgrade

Dedicated talk by Y. Okumura
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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters

Toroid magnets
Solenoid magnet | Transifion radiafion tracker

Muon chambers
Semiconductor tracker

New Muon

Chambers New Inner Tracking Detector (ITk)

All silicon,up to [n| = 4

Inner barrel region with new RPC High-granularity Pixel and Strip systems

and sMDT detectors

Upgraded Trigger and Data
Acquisition system
Level-0 Trigger at | MHz

Improved High-Level Trigger
(150 kHz full-scan tracking)

Electronics Upgrades

LAr Calorimeter
Tile Calorimeter

Muon system

High Granularity Timing
Detector (HGTD)

Forward region (2.4 < |y| < 4.0)
Low-Gain Avalanche Detectors (LGAD)

30 ps track resolution

Additional upgrades
Luminosity detectors (I1% precision goal)
HL-ZDC

Offline software and computing


https://indico.cern.ch/event/1253590/contributions/5814384/
https://indico.cern.ch/event/1253590/contributions/5814384/

Phase-1l Highlights
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Search for GGM higgsinos decaying to two photons
and two b-jets, arXiv:2404.01996

e Current status

\ * Precision measurements of the Standard Model



https://arxiv.org/abs/2404.01996
https://arxiv.org/abs/2404.01996

Broadly Searching for New Physics

—.— Muon System (1 Vtx +2 Vtx), 36 tb" ~ ADD with 71 = 6 in je'[+E,IlfliSS 12.1 Mp < 3.06 TeV [335] Mp <5.9TeV

Phys. Rev. D 99 (2019) 052005
—— Calorimeter, 139 fb"
JHEP 06 (2022) 005
- . -. Tracker+Muon System, 36 fb "’
- : o\ = Phys. Rev. D 101 (2020) 052013
102 —--= -3 ) e =....— =.=. Tracker, 139 fb
: | T ] : JHEP 11 (2021) 229
Tracker (b-tag), 36 fb™
oot 158 ' -
—.— Monojet,
Ao o 2020 Wide range of
m H—inv, 7-8-13 TeV combination
ATLAS-CONF-2020-052

Tracker, 37.5-140 fo” sector BR and lifetimes

LLP masses:

Model and final state Section Excluded Range §
Run 1 Run 2 §
. g" in a dijet resonance 3.1 m < 4.06 TeV [326] m < 6.7 TeV E
EXtend | ng mass rea‘Ch from ZéSM in a dilepton resonance 4.1.1 m < 2.90 TeV [327 m<5.1TeV >§
Type-1II seesaw heavy leptons 5.3 m < 335 GeV [328] m < 790 GeV s
Run-1 to Run-2 h Y o
in £€vvqq
VLQ T (Singlet, 2¢ + 3¢) 6.2 m < 0.66 TeV [329] m < 1.27 TeV
Scalar LQY (LOLQ — tvtv) 7 m < 640 GeV [330] m < 1240 GeV
| LFV Z — ep 8.1 B < 7.5x 107" [331] B <2.62x107’
ATL-PHYS-PUEB-2022-007, Fratari FRVZ ysin H — 2y, + X 0.1  15<c¢r <260mm [332] 0.42 < ¢t < 1001 mm
__ ATLAS Preliminary (March 2024) Vs=13TeV, 36-140 fb” Hidden Sector, m, =125 GevV ~ With B(H — 2y4) = 10%
» 1o A LR IR d — 0.4 GeV
7 L ~ ' . S . ¢ 3 Selected ATLAS results and my, = Y.7 ¢
I E i : RW : 3 95% CL observed limits H — invisible combination 10.3 B < 0.252 [333] B <0.113
m B . K / / ;/ ¢ _ searches: Multi-charged particle 11 m < 660 GeV [334] m < 1060 GeV
’ S : —..— Muon System (2 Vtx Only), 139 fb™ with |z| = 2
10~ ST 4 SR / SOy A SV l_: Phys. Rev. D 106 (2022) 032005 =

1073

10—4 LJEJILI[ i | llllJIJ L lJlJlLll 11 lllLlll 11 lllJlll 11 lllLlll 11 lllJlll 11 llllll[ :l 1 11111l .5_8 Gev . 15_20 Gev .25_35 Gev

10° 10* 10° 10° 10" 1 10 10° 10°
ot [m] .40 GeV .45-60 GeV .Any


https://arxiv.org/abs/2403.09292
https://arxiv.org/abs/2403.09292
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007
https://indico.cern.ch/event/1253590/contributions/5814184/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007
https://indico.cern.ch/event/1253590/contributions/5814184/

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

August 2023 Vs =13 TeV
- -1 = -
Model Signature  [Ladt 7] Mass limit Reference
1 1 1 1 1 1 1 1 I 1 1 1 1 1
44, G—agx} Ocp — 2-Bjets EF 140 1.85 m(E))<400 GeV 2010.14293
@ mono-jet  1-3jets  E 140 g [8x Degen.] 0.9 m(g)-m(X?)=5 GeV 2102.10874
S 22 3—qa7) 0e,u 2-6jets EMS 140 |2 2.3 m(t))=0 GeV 2010.14293
S g Forbidden 1.15-1.95 m(t})=1000 GeV 2010.14293
B 2z 3oggWE Te,u 2-6 jets 140 |2 2.2 m(¥})<600 GeV 2101.01629
O 33, g—qa(lOX] ee, 2jets  EMSS 140 |2 2.2 m(¥})<700 GeV 2204.13072
@ 33, 3oqqWZX, 0e,u 7-11jets  EFS 140 | 2 1.97 m()??(? <600 GeV 2008.06032
2 SS e, u 6 jets 140 |2 1.15 m()-m(¥!)=200 GeV 2307.01094
= g3, gt 0-1e,p 3b  EP™ 140 |% 2.45 m(t%)<500 GeV 2211.08028
SSe,u 6 jets 140 g 1.25 m(2)-m(X1)=300 GeV 1909.08457
b1b, 0e,u 2b EPSS 140 | by 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(b; X)<20 GeV 2101.12527
w = biby, by—b¥ — bhi" 0e, u 6b  Ep™ 140 | B Forbidden 0.23-1.35 Am(TS,77)=130 GeV, m(¥})=100 GeV 1908.03122
E S 27 2b ES 140 by 0.13-0.85 Am(P5,%))=130 GeV, m(¥})=0 GeV 2103.08189
o .
32 77, o 0-1e,u >ljet EP™ 140 |4 1.25 m(t})=1 GeV 2004.14060, 2012.03799
2 g i, f1—>Wb)?(1) 1e,u 3jets/1 b EF™ 140 1 Forbidden 1.05 m()z(l’)=5oo GeV 2012.03799, ATLAS-CONF-2023-043
° % & i1, H—>t1bv, 111G 1-271 2jetst b EF™ 140 f Forbidden 1.4 m(71)=800 GeV 2108.07665
P ro b I n T S AR Aokl /e aoely Oeu 2c  Ep™ 361 |¢& 0.85 m(¥})=0 GeV 1805.01649
SUS Oe,pu mono-jet  E7" 140 f 0.55 m(7;,¢)-m(X})=5 GeV 2102.10874
B, i1y, Ko Z/ Wi 12 e, 1-4p  EMS 140 |F 0.067-1.18 m(¥3)=500 GeV 2006.05880
s u e rs m m et r fir, h—f +Z 3e,u 1b Emiss 140 I Forbidden 0.86 m(%)=360 GeV, m(7;)-m(t})= 40 GeV 2006.05880
P y y TR0 via wz Multiple ¢/jets . EE?SS 140 [ /% 0.96 m(t")=0, wino-bino 2106.01676, 2108.07586
ee, pjt >ljet  EXS 140 |5 /K 0.205 m(XT)-m(¥})=5 GeV, wino-bino 1911.12606
around the TeV Gl via W 2 e L B 0.42 (E3)-0, wino-bin
XX via Wh Multiple ¢/jets EMss 140 | X;/X;  Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
L XX vialy/v 2e.p EPS 140 | 1.0 m(Z,7)=0.5(m(¥)+m(t})) 1908.08215
= § 7 ol 27 EPs 140 |ENERFRLI 084 0.48 m(¥})=0 ATLAS-CONF-2023-029
s c a e WS 7rlir, -0 2e,p Ojets  Ex> 140 7 0.7 o miE)=0 1908.08215
ee, i >1jet EF™ 140 ’ 0.26 m(&)-m(X¥1)=10 GeV 1911.12606
HA, HA—>hG|ZG 0e,u >3b EE?SS 140 | @ 0.94 BR(X’:}) - hG)=1 To appear
4e,pu Ojets EZ* 140 [ 0.55 BR(Y) — ZG)=1 2103.11684
Oe,u >2large jets EX' 140 H 0.45-0.93 BR(Y| — ZG)=1 2108.07586
2e,u >2jets ENMS 140 | @ 0.77 BR(Y' — ZG)=BR(¥) — hG)=0.5 2204.13072
Direct Y1 X7 prod., long-lived ¥} Disapp. trk 1 jet Elniss 140 | X, 0.66 Pure Wino 2201.02472
S Xy 0.21 Pure higgsino 2201.02472
»n .
g O Stable g R-hadron pixel dE/dx ET™ 140 2 2.05 2205.06013
c';,'f:i Metastable z R-hadron, g—qqt} pixel dE/dx ET 140 | & [r(®) =10ns] 2.2 m(¥})=100 GeV 2205.06013
= S et, t—¢G Displ. lep ERSS 140 &1 0.7 7(?)=0.1ns 2011.07812
— _ 7 0.34 (%) = 0.1 ns 2011.07812
pixel dE/dx E7S 140 T 0.36 () =10ns 2205.06013
st~F =0 &+ i
XX X XL —>Ze—tee 3e,u 140 1.05 Pure Wino 2011.10543
XiXi /)2(2) — WW/ZLttevy 4 e, 0 jets ET™ 140 1.55 m(¥})=200 GeV 2103.11684
28, 8-qq%1, X\ - qqq >8 jets 140 2.25 Large 17, To appear
S~ 77, ity XY = 1hs Multiple 36.1 1.05 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& if, i>bX1, X7 — bbs > 4b 140 Forbidden 0.95 m(¥T)=500 GeV 2010.01015
f1fy, fj—bs 2jets+2b 36.7 0.61 1710.07171
fir, i—qt 2e,u 2b 36.1 0.4-1.45 BR(7, —be/bu)>20% 1710.05544
1 u DV 136 1.6 BR(f; —qu)=100%, cosf,=1 2003.11956
X5 102190, 70 > tbs, X7 —bbs 12e,u  26jets 140 | ¥} 0.2-0.32 Pure higgsino 2106.09609
1 1 1 1 1 1 1 1 I 1 1 1 1 1
*Only a selection of the available mass limits on new states or 10! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

ATL-PHYS-PUB-2023-025



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-025/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-025/

Strong and EW Production Searches
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https://arxiv.org/abs/2402.12137
https://indico.cern.ch/event/1253590/contributions/5915377/
https://arxiv.org/abs/2402.12137
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Higgs-related Searches
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https://www.sciencedirect.com/science/article/pii/S0370269323002976?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269323002976?via=ihub
https://arxiv.org/abs/2404.18986
https://indico.cern.ch/event/1253590/contributions/5844087/
https://arxiv.org/abs/2404.18986
https://indico.cern.ch/event/1253590/contributions/5844087/

Exotics Highlights

First LHC search for daric mesons Search for magnetic monopoles as

decaying to top and bottom quarks highly ionizing particles
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_ 35 ET (GeV) _ _ ,
9 W™ — u v candidate

event from precise
measurements of W and

Z transverse momentum
spectra, arXiv:2404.06204

e Current status

 ® Searches for physics beyond the Standard Model (BSM)
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Measurements of
the

I - Status: October 2023
Standard Model Production Cross Section Measurements e e
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7 Jet Cross-section Ratios

* Measure jet cross=-section ratios between bins of jet multiplicity
* Double differential: Energy-scale or angular radiation ( )
* Triple differential: HT2 ( )

* Relies on improved JES uncertainty (<[ %)

e Can be used to extract g

arXiv:2405.20206, Roloff
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‘@e W Boson Mass and Width

arXiv:2403.15085, Bachiu

First W boson width |
measurement at the LHC WV boson width vs mass

Overview of I' , measurements
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Run-3 Data Analysis

|19

PLB 854 (2024) 138725, Bachiu

Weak boson production at 13.6 TeV: total, fiducial cross sections and ratios

ATLAS
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Lepton Universality

* Lepton universality in W decays to

electrons and muons from top-pair events

* on single-
experiment precision

* 0.45% precision: more precise than

ATLAS —a— LEP (Phys.Rept. 532 119) i
y ATLAS - this result =
/s =13 TeV, 139 fb Statistical Uncertainty S
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-—- :
b —
| | | | | | i | | | | | | | | | | | | | | | | | | | |
0.98 1 1.02 1.04 1.06 1.08 1.1

R(t/w)=B(W—>1v)/B(W-—->uv)

| I I I | I I I I I I I I I I I

ATLAS §

LEP2 o

e*e'=WW, Vs=183-207 GeV ;

ATLAS i

pp—W, Vs=7 TeV, 4.6 fb” i

LHCb , N ¥

pp—W, Vs=8 TeV, 2 fb" g

CMS A

pp—tt, Ys=13 TeV, 36 fo' ;

PDG average n—ro—u

ATLAS (this result) ,QE

pp—>tt, Vs=13 TeV, 140 fb" :

| | | | | | | | | | | | | | l | | | | |
0.92 0.94 0.96 0.98 1 1.02

B(W—uv)/B(W—ev)

arXiv:2403.02133
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Recent Top Highlights

Observation of entanglement in Observation of /7 production in pPb events
quarks by measuring spin 4s
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The SM Higgs Boson =

. . Nature 607, 52 (2022), arXiv:2404.05498, Phys. Rev. Lett. 132
e Mass from Run | +? combination: (2024) 021803, Rettie, Gomez Delegido

III| | | IIIIII|
ATLAS Run 2

my = 12511 £ 0.11 GeV B oL
N T z
e Indirect Higgs width from offshell: ", = 4.63:2 MeV 10— i :

* Probe couplings by measuring accessible production  10°
and decay modes

Leptons Quarks

e |V

- |EIE

<
w
IIIIIII| [ IIIIIII|
\‘\
D <

* Evidence for Zy decay (3.40) (w/ CMYS) F C T
* Ongoing studies include > 1_4?iii:= O L
* Detailed of observed modes - 121_ , i -
* Searches for production/decay modes: bbH, 08_| ol ; } - 5
tH, cc and uu 107 1 10 10°

Particle mass [GeV]

* Higgs
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dataset

Range of

Most precise

methods: e.g. BDT for VBF categories; multiclass BDT for ttH categories

ATLAS Simulation Preliminary
¥s=13TeV,140fb", H — 1t

ttH, p% = 300, Window

ttH, p = 300, Sideband
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Reconstructed Category

N(jets):
pT(H) [GeV]: [60, 120]
m; [GeV]: [0, 350]

“Differential Higgs Production w/ 1

Differential measurements of Higgs production with 7 decays in 18 STXS bins

measurement; also probes

Part of a suite of Run-=2 analyses to provide our final word on the Higgs in that

ATLAS-CONF-2024-007, Gomez Delegido
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& Probing the Higgs Self-Coupling

e HIH production to directly probe Higgs self-coupling and B
hence electroweak symmetry breaking (EVWSB) mechanism >H H

e New combined result using the two major production S

modes: and

* VBF also provides sensitivity to Kav

e Combines 5 input channels using the full Run-2
dataset with cut-based and multivariate techniques q

. interpretation to probe low-energy
dynamics of EWSB with 3 Wilson coefficients

® Chhh, Cgghh aNd Ceehh

ATLAS-CONF-2024-006
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HH with multiple leptons

ATLAS Simulation Vs = 13 TeV, 140 fb™!
e New strategy targeting ggF production
in final states with w

w
o
1

, Tyag aNd 7 + additional light

N
o

n
o
1

leptons and/or 7,4

Number of SM HH events passing preselection
arXiv:2405.20040, Cortes Gonzalez

* 9signal and |9 control regions

. '5
* ML: cut-based categorization, BDT fit
o yy:BDT categorization, m,, fit ias Comm =] 3 e T ST
. s D I B
* ;< 1/ (obs)and Il (exp) at 95% CL | mvonina
301 19 29 8
e <20 excess in the yy + 73,4 channel, "o : Lt
driven by the low statistics BDT tight = S 2 bl
VY + ThaaF 112 60 o 1.22
category | . | o3 1171 T/f /f/f 1

95% CL upper limit on HH signal strength Ly m,, [GeV]
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¢ HH Combined Results

o Self coupling
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-006/
https://indico.cern.ch/event/1253590/contributions/5853977/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-006/
https://indico.cern.ch/event/1253590/contributions/5853977/

Conclusion

Well into Run=3 with a promising start to 2024 data-taking, excellent performance
and good progress with the Phase-ll upgrades

* Continue to search for physics beyond the SM

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

* ATLAS is delivering a suite of high=-precision SM measurements
* VW mass and width

* HH production close to within | of SM

e Stayed tuned for many other exciting results this week
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Physics Output

* Since LHCP last year

|27 papers, 51 CONF notes, 40 PUB notes
e |286 papers with collision data

* ||| papersin 2023

* 59 papers in 2024

* 340 Run 2 papers
* 9 Run 3 papers, 2 CONF notes, 7 PUB notes



