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Past and present activities

Liverpool leads key areas of the ATLAS BSM physics programme:
e Axions in di-photon channel, prompt [towards unblinding] and displaced [ongoing]
 Mono-Z (Higgs invisible) [published 2022}
» Dark-photon jets, prompt [ongoing], displaced ggF/WH [submitted 2022] and VBF [ongoing]

* Disappearing tracks 1st wave [submitted 2022], 2nd wave [ongoing]

« SUSY EWK 2nd wave in bb final state [towards unblinding]

 High-mass DY resonances [ongoing]

« BSM Higgs summary plots [ATL-PHYS-PUB-2021-030 ATL-PHYS-PUB-2022-008]

* [Q (bbtautau) 3rd gen LQ [towards publishing] (Carl editor) and combination paper (Andy editor) with all LQ

analyses
 LQ (ll+b or c-jets or in bbtt) now published or about to be published will be followed up later in Run 3, as well

as further studies on HL-LHC prospects

in this talk, a brief summary is given with studies in progress
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https://www.sciencedirect.com/science/article/pii/S0370269322002003
http://ATLAS-CONF-2022-001
https://arxiv.org/abs/2201.02472
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-030/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-008/

Dark Sector searches: vector mediators

Search for BSM Higgs decays into (long-lived) light dark photons
Very unconventional topology: collimated structures of leptons or light hadrons

Monica, Alessandro (PhD yr4), Cristiano

ATLAS Preliminary Vs=8-13 TeV, 20.3-139 fb’
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Very displaced region:
mono-jet search reinterpretation
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Testing state of the art
graph NN to further
Improve the results

within the MUCCA
CHIST-ERA project
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-020/
http://ATLAS-CONF-2022-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/

Extended Higgs sectors searches

Nikos, Adam R. (PhD yr4), Cristiano Preferred parameter space
IN ATLAS where g-2 anomaly can be
NEW ANALYSIS | explai arXiv:1708.00443
~ull Run2 search for two leptons and two  ———
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_ . : z 10-°F
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Displaced search has also started by ------
Rebecca for her PhD thesis! ALPs pseudo-scalar
, photons '

Nikos, Monica, Carl, Rebecca (PhD yr1), Cristiano

particles: mass range
up to ~34 GeV.



https://arxiv.org/abs/1708.00443

Dark Sector searches: (pseudo)scalar mediators

Search for heavy Higgs boson decaying into a Z boson and another heavy Higgs boson

Nikos (Ilbb/lIWW), Alan PhD (libb) [published]

e
+ Full Run2 paper in the Ilbb and IIWW fina current ATLAS exclusion

states recently published! Eur. Phys. J. C. 81 (2021) 396 vvbb ltt

 New search in the lltt final state recently > | TATLAS | 3
. . [ S

started: first ttZ resonance search in ATLAS S, 70k J Vs =13 TeV. 139 fb ‘;
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-030/

O wimp-nucleon [CMF]

Andy, Matt, Monica,
Eloisa (PhD yr4)

Higgs to invisible

Search for associated production of aZ boson with an invisibly decaying Higgs boson or dark matter candidates

Nice interplay with
direct detection

experiments on
o(WIMP-nucleon)
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N.B. ATLAS model assumes a Higgs portal

Full Run2 paper recently published!

Dilepton + missing transverse energy signature

19% upper limit @95%CL on SM xsec tor Higgs boson
to invisible particles. SM BR(H->ZZ—>4v) ~ 0.1%

Many BSM interpretations on simplified dark matter

models and 2

DM+a models
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https://www.sciencedirect.com/science/article/pii/S0370269322002003

SUSY prompt and disappearing trac

Search for prompt (EWk legacy) and long-lived charginos (disappearing tracks)

+ Finalising EWk SUSY search in Wh(bb) channel (recently Dr) and

* Will be used as test bench for new machine

learning techniques within MUCCA CHIST-ERA

» Disappearing track paper submitted to EPJC  Monica, Helen,
James S. (PhD yr 3)

- 2nd wave effort already started! With many new

(arXiv:2201.02472)

improvements in tracking and vertexing
techniques (ATL-PHYS-PUB-2019-011)

» Search for events with jets and ‘disappearing

tracks’ ( due to suppressed interaction or low-

pT)

- Rare SM backgrounds from charged lepton
scattering and combinatorial fakes

Monica, Hamish

now Joe
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https://www.sciencedirect.com/science/article/pii/S0370269320303063?via=ihub
https://arxiv.org/abs/2201.02472
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-011/

High-mass DY: EFT interpretations

Ditferential cross section measurement in the high mass neutral current Drell-Yan (mll>116GeV)

Jan, Uta, Ricardo (PhD yr 4), Sam (PhD yr2)

- Searches for high mass DY resonances and
for non resonant effects in NC DY - published

Now new effort to search for NO effects in
the SMEFT framework

Incredible SM probe: measurements can be
used to extract (photon) PDF, test lepton
universality. First time in ATLAS

- Also sensitive to new physics! The first EFT
interpretation in this mass range

+ 95%CL limit setting on Wilson coefficients from

unfolded data. Public results very soon... stay
ned!
tunea | Asm + Z cAil* =
SM+EFT

More details on DY measurement in Matt’s talk
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Lorentz-invariance signatures

Search for Lorentz- and CPT invariance violating signatures: measure physics observables over phase
Of periOdiC intervals Zcount double ratio to integrated lumi

] ] 'E t. h_doubleratio - MC to
Uta, Michael (recently Dr), Ricardo (PhD yr4) o e || . Y
stapev 1t simulation
This new effort (Liverpool led) in ATLAS has just i e
started: l Jl
: : - : : Fit function: il il
* Exploit the team leading role in ATLAS luMIiNOSIty |+ , po'sinx) + p1 cost) [5F
measurement (more in Matt’s talk) from Z boson Tl -
counting Slgnal Period =[23h56m v
« Real time luminosity check (on top of ATLAS e

baseline luminosity measurement)

Lab frame

e Study the time-dependent number of Z-bosons 6am b,

decaying to electron or muon pairs

* Sidereal time dependent effects due to a non- ot ) "mgftude
iIsotropic background field quino ‘fmi%sr
~
b lab = AF bS CF N \‘ \ mtc/fr
e Expected sensitivity (from preliminary toy MC AP~ RH N 7
~ Ty, Xiab, - - - =\
studies): 3 sigma for 300 fb LIV effect e = B (WoTo, Xaby )
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Extra: SCT LS2 operations

The Liverpool ATLAS group was involved in the construction, test

ATLAS SCT... now during Long Shutdown 2 is involved in the mai

system toward Run3 operations (SCT will survive until the end of

ng, installation and commissioning of the
ntenance, monitoring and calibration of the

Run 3)  Carl, Cristiano, Rebecca (PhD yr1)
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https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01013

Conclusions

eNew searches for NP at ATLAS using the full Run-2 dataset have been
presented, showing an expansion of the BSM physics programme of
the Liverpool team:

eNew efforts for LLPs and Dark Sectors searches

First pilot beam after LS2
N ATLAS Control Room

eLxploitation of the high statistics of the dataset for small and
challenging measurement, like sidereal timing effects

eGreat effort in developing new tools and strategies to improve ——— '
identitication and reconstruction of reconstructed object, pushing the du O

detectors beyond their limits L gy ¢

e-ast approaching Run3 (and HL-LHC) programme offers a unique
opportunity to plan, innovate and create new searches yet to be

pursued Liv team actively participate
IN detector operations!
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