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Leptoquarks (@)

= Hypothetical scalar/vector particles with == Appear in many BSM scenarios (e.g. SU(5), SO(10) GUTSs)
non-zero baryon & lepton number, carrying = Connect quark & lepton sector
colour charge & fractional electric charge = May explain certain anomalies, such as b->suu, b>cv

"= Decay into quark-lepton pair

HOW? 1810.10017,1307.6213
Single LQ production LO pair production
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=+ Dependence on Yukawa coupling 4, m ., lepton/quark PDFs = Largely independent of 1



https://arxiv.org/pdf/1810.10017.pdf
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.125.231804
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'\
= Input from 9 analyses, including dedicated searches, SUSY re-interpretations (¥) & SUSY
re-optimisation (v)
Scalar Vector == Aim to improve sensitivity
FinalState LQY, LQY LQ' ~ LQY Uy YMMC {j Ywmc through statistical
bt . combination of analyses

btbt

=+ Signal regions designed to
be orthogonal
w Overlapping events
identified & removed

trtt
tvbe
beébe
2474
1010 g = All final states from £ (e/u),

— T, (D-)jetsand E_™*

w With different selection
* bvby > o .
criteria, based on analysis



https://arxiv.org/abs/2401.11928
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-27/
https://indico.cern.ch/event/1339095/contributions/5637162/attachments/2741410/4768640/PAM_LQCombination.pdf
https://indico.cern.ch/event/1339095/contributions/5637162/attachments/2741410/4768640/PAM_LQCombination.pdf
https://indico.cern.ch/event/1339095/
https://arxiv.org/abs/2108.07665
https://arxiv.org/abs/2303.01294
https://arxiv.org/abs/2101.11582
https://arxiv.org/abs/2210.04517
https://arxiv.org/abs/2006.05872
https://arxiv.org/abs/2010.02098
https://arxiv.org/abs/2306.17642
https://arxiv.org/abs/2004.14060
https://arxiv.org/abs/2101.12527

= Pairs of LQ produced mainly via ggF or qq annihilation
w= Scalar LQ: up (+%3e) and down (tse), flavour-diagonal or cross-generational (“mix”)
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= \ector LQ: stronger model dependence - pair-production ¢ dependent on coupling to gluons
= Yang-Mills (YM, k = 0) & Minimal Coupling (MC, k = £1) scenarios

Vector .
= U._: favoured explanation

for R(D"") and R(K")
tvbt % v v 0 1 =2 1903.11517
btbt % v {0, 1} {1,2} {1,2}

UlYM/MC DIYM/MC

Final State
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7444 v {3,4} >2

== Additional
reinterpretation of tr¢r

search in context of Ul‘”"'/ MC
= U carries+5/3 ¢
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https://arxiv.org/abs/2401.11928

Heavy Gauge Boson Searches

)

w Many BSM scenarios predict new heavy gauge bosons (Extra dimensions, Little Higgs, LRSM...)
==+ The LHC allows us to probe increasingly higher masses
= Many searches undertaken, often in the context of simplified benchmark models, e.g. Sequential

Standard Model (SSM)

, Heavy Vector Triplet (HVT)

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

)

ATLAS Preliminary
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https://arxiv.org/abs/1107.5830
https://arxiv.org/abs/1402.4431
https://arxiv.org/abs/2207.05091
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/

= Profit from improved 7-ID w.r.t Run-1, complement light
lepton W' searches for flavour-universal model (SSM)

= Also motivated by models which favour zv:
Non-Universal Gauge Interaction Models (NUGIM)

= Non universality of couplings to SM fermions parameterised as 0, ,
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= Also derive model-independent
limits on visible o for m_

thresholds of 200 - 2950 GeV
w Improvement of up to 5x w.r.t
previous results


https://arxiv.org/abs/2402.16576
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-37/
https://indico.cern.ch/event/1043600/contributions/4384781/attachments/2257082/3830114/WprimeTauNu_PAM_02Jun2021.pdf
https://indico.cern.ch/event/1043600/contributions/4384781/attachments/2257082/3830114/WprimeTauNu_PAM_02Jun2021.pdf
https://indico.cern.ch/event/1043600/
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Heavy Resonance Combination (,’6?4)

“E\N Q_o frrrrprrrrp T T T T T T T T T T T T T T T T T T T
w Combine searches for diboson, di-quark, dilepton resonances § 10 fararev, s’ — vz i
w Fully leptonic, semileptonic, fully hadronic  Comiima IS
1

w Including v, 77
= \alidate individual results, check for overlaps, combine analyses 107

= Set limits on couplings of HVT model (gq, - 102k
= Consider benchmark coupling points, e.g. HVT model C (g, =1, g.=0)
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https://arxiv.org/abs/2402.10607
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-38/
https://indico.cern.ch/event/1358468/contributions/5719706/attachments/2774312/4834515/HRC_PAM.pdf
https://indico.cern.ch/event/1358468/contributions/5719706/attachments/2774312/4834515/HRC_PAM.pdf
https://indico.cern.ch/event/1358468/

Searches for Heavy Scalars (&)

= New massive (pseudo-) scalar states with strong couplings to top quarks predicted in

September 2022
numerous BSM models o 60 - 0 g A, HA —
§ 40 :’:ygs.f:ev. Lett. 125 (2020) 051801
30 |EED o) H H — v, 36.1 10
. JHEP 09 (2018) 139
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w ttA/H has distinct experimental signature, but small cross-section
w Dominant production mode for A/H is ggF

ATL-PHYS-PUB-2022-043



https://cds.cern.ch/record/2827098

ATLAS-CONF-2024-001

SN
59

= Inclusive A/H - tt performed with full Run-2 dataset
w Challenging, due to strong interference between signal & SM tt BG

w Consider 1L (lepton+jets) and 2L (dileptonic) final states

Increasing py(t,)
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https://indico.cern.ch/event/1351923/contributions/5692201/attachments/2762041/4810283/AHtoTtbar_EBMeeting_291123.pdf
https://indico.cern.ch/event/1351923/contributions/5692201/attachments/2762041/4810283/AHtoTtbar_EBMeeting_291123.pdf
https://cds.cern.ch/record/2890012
https://indico.cern.ch/event/1355215/
https://indico.cern.ch/event/1355215/contributions/5706123/attachments/2770125/4826381/AHttbar20231212_Approval.pdf
https://indico.cern.ch/event/1355215/contributions/5706123/attachments/2770125/4826381/AHttbar20231212_Approval.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-04/
https://cds.cern.ch/record/2891813

tt H/A -> tttt

H/A production in association with tt is much less susceptible to interference with SM
Latest search focuses on 1-lepton / 2 Opposite-Sign (OS) lepton final states
High jet & b-jet multiplicities in final state

Use data-driven approach with neural network to correct known mismodelling of tf+jets BG
Use Graph Neural Network (GNN) to distinguish signal from BG

= 3
g
S

25 -

E ATLAS Prellmmary
E \s=13TeV, 139 ft"

Events

*: normallsed to mtal bkg
T

Total bkg. before corr.

Events

I T T e e i A

L% 7

R

200 400 600 800 1000 1200 1400 1600 1800 2000

Data / Pred.

Data / Pred.

01 02 03 04 05 06 07 08 09 1

T R ML

r ATLAS Prellminary — Observed

[ Vs=13TeV, 139 f5' - Observedt 16y,
1L/2L0S+2LSS/ML — — Expected

[ Expected 16,50 imen

~ Scalar+pseudo-scalar

=)

0.5 0.6 0.7 0.8 0 9 1

Combine results with 2 Same- -Sign (SS) lepton

/ multi-lepton search

For 2HDM scenario as well as a colour-octet

sgluon (S,)

—e— Observed limit (Combined) 1
— — Expected limit (Combined) o
I 16 (Combined) 3

—
T T 71T

i) [pb]

Ss
8
S

— Expected limit (1L/2LOS) 3
s Expected limit (2LSS/ML)

o

[P RTE RPN PR
12 14 16 18



https://indico.cern.ch/event/1348244/contributions/5675179/attachments/2757696/4801766/Exotic_Approval_2023_11_22.pdf
https://indico.cern.ch/event/1348244/contributions/5675179/attachments/2757696/4801766/Exotic_Approval_2023_11_22.pdf
https://cds.cern.ch/record/2890282
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-26/
https://cds.cern.ch/record/2891814

Conclusions & Outlook (&)

=+ ATLAS has an diverse BSM search programme, with many new results published and in progress for
the full LHC Run-2 dataset
w Only a handful of the latest results presented here
w See the list of all public results on the , and catch up on latest news with ATLAS

= We unfortunately did not detect BSM physics... but not for lack of trying

= On top of performing many analyses, there have been huge efforts to make the most of our results
by combining them

== And huge improvements have been made thanks to novel analysis techniques, such as
employment of neural networks

= Run-3 of the LHC is ongoing, with 13.6 TeV collision energy and the inclusion of
w Looking forward to new searches with this dataset


https://twiki.cern.ch/twiki/bin/view/AtlasPublic
http://briefings
https://home.cern/press/2022/ATLAS-upgrades-LS2
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The ATLAS Detector (@)

44m (etter of Intent (1992)
— 3 > Hermetic jet & 67,»./:: calorimetry
; : > Excellent particle identification
> Excellent electron & photon resolution
> Ctandalone muon measvrement

| > (arge acceptance

25m

Tile calorimeters

= LAr hadronic end-cap and
forward calorimeters
Pixel detector \

Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker



https://cds.cern.ch/record/291061
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ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS

beam pipes 2 : : i HL upgrade
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75% nominal Lumi /" upgrade )
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HL-LHC TECHNICAL EQUIPMENT: _

DESIGN STUDY 1 PROTOTYPES / CONSTRUCTION ‘ INSTALLATION & COMM. HH PHYSICS



https://hilumilhc.web.cern.ch/content/hl-lhc-project

MUON NEW SMALL WHEELS NEW READOUT SYSTEM FOR THE NSWs
The NSW system includes two million micromega readout
channels and 350 000 small strip thin-gap chambers

(STGC) electronic readout channels.

Installed new muon detectors with
precision tracking and muon selection
capabilities. Key preparation for the

TRIGGER AND DATA

NEW MUON CHAMBERS IN THE CENTRE
ACQUISITION SYSTEM (TDAQ)
Upgraded hardware and software
allowing the trigger to spot a wider
range of collision events while
maintaining the same acceptance rate.

Installed small monitored drift tube (SMDT) detectors
alongside a new generation of resistive plate chamber
(RPC) detectors, extending the trigger coverage in
preparation for the HL-LHC.

LIQUID ARGON
CALORIMETER

New electronics boards installed,
increasing the granularity of
signals used in event selection and
improving trigger performance at
higher luminosity.

ATLAS FORWARD PROTON
(AFP)

Re-designed AFP time-of-flight
detector, allowing insertion into the
LHC beamline with a new “out-of-
vacuum” solution.



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

o >50 kinds of magnets

o 1232 superconducting dipole magnets operating at -271.3°C
w Sextupole, octupole & decapole magnets correct the beam

o 8 RadioFrequency (RF) cavities per beam

RF cavities

Deflecting
magnets

o Proton beam energy = 6.5 TeV
o 1.2 x 10 protons/bunch
o ~2800 bunches/beam

o 25ns bunch spacing
w 40,000,000 collisions per second

Focusing
magnets
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=+ Results of LHCb Run-1 + Run-2 measurement of R_and R, presented in recent LHC seminar
w Simultaneously analysing B*>K*2*2 and B’>K*°¢*¢, data-driven modelling of mis-ID backgrounds, MVA in
two mass (g?) ranges...
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= What does this mean for our analyses motivated by LFU?


https://indico.cern.ch/event/1187945/attachments/2569929/4431222/LHCSeminar_20_12_2022_rquaglia.pdf
https://arxiv.org/abs/2212.09153
https://arxiv.org/abs/2212.09152
https://arxiv.org/pdf/2103.11769.pdf
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https://arxiv.org/abs/2304.01694

