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ATLAS SUSY Searches* - 95% CL Lower Limits

Still leaving no stones unturned!

ATLAS Preliminary
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LHC and HL-LHC Schedule Update
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Staying Tuned to ATLAS News and Results

Exciting times: start of Run 3!

CERN News (22 April 2022) on LHC restart.

ATLAS summaries from major conferences available here:

- LHCP 2022 summary
- Moriond 2022 summary and highlights

- Lepton-Photon 2021 summary
- EPS-HEP 2021 summary and highlights

Higgs 10 symposium at CERN
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- Check and bookmark our news page
el discovery

- Follow us on social media (click on the logos)
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The ATLAS LHC Run 2 datasets

The LHC operations
PP op Run 2 dataset
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ATLAS Performance at Run 2

- Trigger: Main trigger thresholds have been stable Signature Run 1 Run 2
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ATLAS Performance at Run 2
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Higgs Physics
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Large and excellent Run 2 data sample = opportunities...
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Production Measurementsin H — 777~

[

Higgs production cross section

measurements with Higgs boson
decays to taus...

...Of course a probe of the tau
Yukawa coupling!

Measurement made in several
channels:
tt (OLepton) H
V(had) H
VBF
Boosted inclusive (ggH) in
bins from 60 to 350 GeV

In priority order of the event selection
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Higgs Yukawa to taus CP Properties
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Hot off the press! Non resonant HH — bbbb

ATLAS-CONF-2022-035

Higgs pair production through gluon fusion and VBF

Search through non trivial interference

> :llllI|IIII|IIII|IIII|IIII|IIII|IIII|:
8 ATLAS Preliminary [ ] Post-Fit Background
Lo °00 Vs =13TeV, 126 fb™" N\ Stat. + Syst. Error
. . . . Ny F Signal Region
With the VBF production mode not only limits on «; also on k,y, @ 400 Aniar] 20.5, Xons <0.95 IEI 4 Data
S ‘ 200 x SM HH
Bishara, Contino, Rojo o 3% j+ 100 X K, =6 HH

Critical aspect in this channel is the estimate of the QCD

background! g "0
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NN used to correct for biases in the data driven method (trained 8 .

in data control regions - density estimation through NN)!
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Hot off the press! Non resonant HH — bbbb

ATLAS-CONF-2022-035

Limit on rate w.r.t. SM 5.4 (8.1) at 95% CL

Strong variation of cross section (and acceptance) yield
quite strong constraints at 95% CL.:

95% CL Limit on OggF + VBF HH [fb]
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Observed constraint on trilinear coupling at 95% CL.:

-39 <k, <11.1

95% CL Limit on OVBF HH [fb]

Uses the latest N3LO-QCD estimate of the

VBF-HH cross section! F. Dreyer and A. Karlberg
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Observed constraint on HHVV coupling at 95% CL.:

-0.03 <k, < 2.11

Almost excludes «,,, = 0 at 95% CL!


https://arxiv.org/pdf/1606.00840.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-035/

Summary in terms of limits on HH production

Towards a Measurement of the Higgs Self Coupling

exp. WW VY ob VY bb 77T bbWW bbbb bbal
o X Br 0.1 % 0.26 % 7% 25% 34% 1.5%" ATLAS Combination of bbtt and bbyy
ATLAS <747 (386) <4.1 (5.5) <4.7 (3.9) i <5.4 (8.1) i current best constraint

Observed constraint on trilinear
coupling at 95% CL.:

-1.0<k; <6.6

*without the Z leptonic branching of 3.3% ~4 events expected at HL-LHC high s/b ~ 5

Full data results in all channels are being finalised and combinations starting!
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SOATLAS

Boosted ¢eyr candidate event
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Triboson W=W*WT observation
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Top Pair Production at 5.02 TeV

ATLAS-CONF-2022-030

Top pair production cross section measurement at 5.02 TeV o7 = 67.5 £ 0.9 (stat.) + 2.3 (syst.)

New lepton-jets measurement and combination with earlier di-lepton N SN
channel in low PU runs at 5.02 TeV + 1.1 (lumi.) + 0.2 (beam) pb

102 Vs=5.02TeV,0.26 fb"' —

Excellent precision reached with small dataset of 0.26 b In excellent agreement with the NNLO-NNLL TOP++ prediction
g 103__' L L L L D e 68.214.8t%:gpb
5" —  ATLAS Preliminary
S ~ ®en+Db-tagged jets Gluon PDF
g A [l +Db-tagged jets . _
B M L _ g““’ | Q°=10000GeV*  ATLAS
2 ' reliminary §
= - " combined Vs=13TeV,<139fb" X - Z fg'a;s_rpe‘gztg
> Vs=8TeV, 20.2 b £21.05 '
E s=7TeV, 4.61b" o f
2 g |
B 2
(@)
X

== NNLO+NNLL (pp) r —
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 T e e e re v a Vs W 0-929.9.9
T A4 4'4740747674747AA S
m=172.5 GeV, PDF+a uncertainties from PDFALHC . —~~‘—‘————~.’4 »‘Q‘Q’Q‘Q’Q
A T T T T A WO TN TN T N TR TON WO N (WO MO TN T NN TN TN TONT WO TR NN NN TN N MY RN M AN N N TN TN NN NN AT | ‘ ‘ ‘ ‘
£ — " == cT10 " [SSY NNPDF2.3 C ) MSTW ' £:::::73 QCDscalesonly = (0 ¢ \‘ 9.9,
3 1.1 — i 0 \‘“
S 1.05 z""‘;”"’f"':o'ﬁfi‘w RO TSRO TGO P SO P PP e - “‘
po O TR o e tetoded cadotetodet o o tadele et o tadotet e totade te dp e YOS e BON e U LR ot i Sglebedatess - Improvemen 1
€ 1 BRI R R R RIS
s O o O O R O R O 0 O O O S0 0 N ISR, 0.9, 8.9 0. 89,00 0. 0000000000 0.0 0 e 0 s e aTa’e =
S 0.95 EERXNIIKINRNXNXX XXX = 0.95-
5 == = .
T 09E =
S =_ ----------------------------------------- ——l
5 1.1E- EZZ] CT14 =3 NNPDF3.1_notop {......} QCD scales only — |
t 1.05 —
g 1 | 1 L 1 111 II 1 | L. 11 Ll I 1
5 S SOIIIINR e e et e ot e oo ata e e e ta e oy, o ¥+ 0% 3 2 -
€ 095 ‘ i 10 10 10
0.9 X
4 5 6 7 8 9 10 11 12 13 14

{s [TeV] Important feedback to improve Higgs precision measurements


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-030

Global PDF Fits

arxiv:2112.11266

ATLAS PDF fit

Using exclusively HERA ep data and ATLAS with the addition of W, Z (+jets), tt, jets, photon differential cross section
measurements (fit done at NNLO in QCD, NLO in EW)

Strange quark composition
Light sea-quark contributions ——
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ATLAS data can be used to predict pD fixed target DY cross sections Improvement w.r.t. previous ATLAS PDFs

V+jets data suppresses R, at high x (with effect on

Check relative densities of i and d sea contributions compatible with recent SeaQuest low x), as well as improved low-x parametrisation

data E906 (at high x) than with NuSea (E866)
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Diphoton Production Cross Section

2107.09330

Measuring diphoton production is
not only an electromagnetic
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Rare single top production

ATLAS-CONF-2022-013 ATLAS-CONF-2022-031
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Search for exotic FCNC top decays

ATLAS-CONF-2022-027
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Search for DM and a Dark Higgs

ATLAS-CONF-2022-029 26

Search for Dark Matter and a Dark Sector compatible MET = 432 GeV

with the Relic Density
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Search for Heavy Long Lived Charged Particles

ATLAS-CONF-2022-034

Events triggered using MET either due to neutrinos or gravitons
or non reconstructed energy from stable LLP
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Search for Multicharged Particles

ATLAS-CONF-2022-034

Search for Multi Charged Particles

MCPs are predicted by several BSM models (e.g. 1-2-3-4-5) Single muon, “late” muon triggers* for slow particles (below
[/~0.7) and MET triggers (from ISR jet - muons not in MET)

q MCP

Y MCP
*Trigger firing on the bunch crossing following on events with one muon >50 GeV in
y*+Z° one event and a muon >10 GeV in the next BC.
Photo-production
Drell Yan , N

g MCP Main background from muons ionisation fluctuations
estimated with data-driven ABCD method

High ionisation signals to be measured in the Pixel, the Transition

Radiation Tracker (TRT - from time above threshold and High Threshold Mass limits ranging from ~ 1 TeV (g = |2e|) and 1.6 TeV (g = | 6e|)
hits) and the Monitored Drift Tubes (MDT)
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ATL-PHYS-PUB-2022-020

Observation of jet suppression at Run 1.

Jet R, , in Heavy lon Collisions

29

Phys. Rev. Lett. 105 (2010) 252303 y |, Closer look at jet suppression with different jet properties

- Different production modes dijets, y-jets Phys. Lett. B 790 (2019) 108

ATLAS-CONF-2022-019

- b-jets (using semi-leptonic decays of b-jets) CERN-EP-2022-043

ATLAS-CONF-2022-026

- Grooming to isolate prongs within jets: r CERN-EP-2022-046
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The p;and and Ty dependences corroborate the color coherence model

Provide powerful probes of models of Parton interaction in the QGP medium

*Diagrams from Q. Hu CERN seminar
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2018-24/
https://indico.cern.ch/event/1155851/

Tau magnetic moment and yy — 1t Observation in PbPb
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-19/
https://atlas.cern/updates/briefing/observation-taupair-heavy-ions
https://twitter.com/ATLASexperiment/status/1516005791324536837

ATLAS Detector LS2 Upgrades .

Muon New Small Wheels New LAr Calorimeter digital trigger
electronic boards

Precision tracking, identification and
triggering Improved trigger granularity
Boards installed in all FE crates!

Upagrade in ATLAS News

I AFP
Re-designed TOF detector
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Upgraded hardware, firmware and software ew viuon chambers amCeren.«,} el
for improved trigger and DAQ sMDT and new generation i el

RPC (8 chambers installed) = a2

TDAQ Upgrade briefing



https://home.cern/press/2022/ATLAS-upgrades-LS2
https://atlas.cern/updates/briefing/run-3-trigger
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Trigger and Data Acquisition Upgrades
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Trigger phase-l upgrades and preparation

New L-

New L-

Installation nearly completed,
hardware and firmware
commissioning in full swing!

Calo: Feature extractors (electrons, jets, global)

Topo and Central Trigger processor

e ¥ v : * New Muon Central Trigger Processor Interface
ACECIM S : < L1 trigger data (40 MHz)
FELIX : <= = L1 accept signal
" J 1 <= - Regions Of Interest
¥ 1 <<:; Readout data (100 kHz)
. : Output data (1.7 kHz2) u .
Data Collection Network : Trlgger menu preparatlon
] ‘ s_bim Run 3 Menu is in preparation with increased rates for delayed stream and trigger
fl—ligh Level Trigger\ [ Output ] Ievel anaIyS|S|
|Processor\ @
Farm
Permanent
\_ ) [ Storage ]

Will determine the dataset for physics 10 years to come!



https://home.cern/press/2022/ATLAS-upgrades-LS2

ATLAS Software

ATL-PUB-SOFT-2021-02 ATL-PHYS-PUB-2021-012 _ o '
m 47 T T T T T T ] @ FrTTT T O T T T oLon'GR
g S i fls New multithreaded and optimised software!
3 405_ —4— Rel. 22 MT: 5.4 GB + 0.3 GB/Thread _E g ST sBQed_?ﬁS VS ?u? reeonsTHete B \ P
¢ 35 —6&— Rel. 21 MP: 2.6 GB + 2.1 GB/Work 3 5 | e 62.91. : : x’"“‘ . . : A
=~ 300 R 3 € 4 Z5 mbiouiy resolution ¥+ Large gains in memory usage and improved timing
@) - ] £ - —»— Track findin ]
GE) 251 = ‘S [ Miscellaneo%s _ performance
"2
151 3 °
of E * Run-2 data and MC fully reprocessed (27B data and
5 E 32B MC events)
OO_2|4|1(|SE|31|01|21|41|61_8 Q5--ap s g s e s e s g a0 a5 90 O
Number of worker threads/processes w e« New pre-digitised pileup overlay procedure for MC
o | * Unified and streamlined analysis model
News | Bringing new life to ATLAS data
Tags: 15 October 2021 | By ATLAS Collaboration . . . .
conptin e | » Improved G4 timing performance full simulation and
https://atlas.cern/updates/news/reprocessing-Run2-data New fast calorimeter simulation (AF3) with improved
accuracy
Teaching established software new tricks + Run 3 MC campaign is starting and trigger and
comoang LIS Pinena ramework ndergoss mportant renovation reconstruction software is almost ready to be frozen at

https://atlas.cern/updates/briefing/renovating-athena TO (offline) and at Point 1 (online)



https://atlas.cern/updates/briefing/renovating-athena
https://atlas.cern/updates/news/reprocessing-Run2-data
https://cds.cern.ch/record/2771777
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-012/

Summary and Conclusions

ATLAS is continuing to produce thrilling physics results with excellent and diverse LHC Run 2 data

- The LHC Run 2 continues to offer vast opportunities for measurements and searches, well beyond initial planning!

- Performing more and more precise measurements probing the Standard Model in broad range of phase space

- Pursuing the observation of new rare processes

- Continuing to broaden the range of direct searches

- Made possible by the immense efforts in improving predictions as well as modelling and simulation of LHC processes!

Control room at the start of beam commissioning 22 April, 2022

- Improvement of reconstruction algorithms to optimally
exploit the LHC data!

Run 3 is about to start!
- ATLAS is getting ready for Run 3 at 13.6 TeV and restarting operations.
- Phase-l upgrades, LS2 refurbishments, firmware being commissioned.

- Focus on optimal trigger strategy for the LHC physics of the 10 years
to come!

With double the luminosity of Run 2, exciting new results
expected at Run 3!




ATLAS Phase-ll Upgrades

Phase-ll upgrades and preparations of the HL-LHC

Altogether 7 TDRs (See links)

Upgraded Trigger and
Data Acquisition

Level-0 Trigger at 1 MHz,
Improved High-Level Trigger
(150 kHz full-scan tracking)

TDAQ TDR, TDR Amendment

Electronics Upgrades
LAr Calorimeter LAr TDR
Tile Calorimeter Tile TDR

Muons Muons TDR

New Inner Tracking Detector (ITk)
AII silicon, up to |n| = 4 Pixel TDR, Strips TDR

J |

J |
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Additional small

upgrades

] |

Luminosity detectors

(1% precision goal)

| |
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New Muon Chambers

Inner barrel region with new
RPC and sMDT detectors

Muons TDR

“E
' ||f'7

High Granularlty Timing Detector (HGTD)
Forward region (2.4 < |5| < 4.0)

Low-Gain Avalanche Detectors (LGAD) with 30 ps
time resolution on tracks HGTD TDR

HL-ZDC


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-020/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2022-004/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-019/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-017/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-021/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-017/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2020-007/

Phase-ll Upgrades
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Good progress (pre)production starting!

sMDT prototype
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SR1 at CERN for ITk Integration Altiroc HGTD readout chip prototype TGC-EIL4 Chamber prototype TGC-Electronics



