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The Run-2 Legacy

" During Run-2 ATLAS recorded 147 fb?* of 13 TeV
pp data

With 139 fb* (95%) Good for Physics

Average of 33.7 proton-proton interactions
per bunch crossing

* Well above detector design luminosity

This large data set is now being used for the
Run-2 legacy physics program

Additional improvements in Jet Calibration
and Flavor Tagging performance has enabled
more precise results

* Jet Performance — E. Hanson
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https://indico.cern.ch/event/868940/timetable/?view=standard#447-jet-reconstruction-and-cal

EXPERIMENT

Run Number: 329716, Event Number: 857582452

Date: 2017-07+14 10:48:51 CEST

UCHICAGO
ARGONNE..c




Search for Di-jet Resonances JHEP 03 (2020) 145

q
" Legacy Run-2 result searching for resonances in the b
iInvariant mass spectrum of leading pairs of jets Z
— Results in the inclusive spectrum and /Q/ \
those identified as coming from b-quarks

* Searching in the b-tagged spectrum improves sensitivity to new physics
in the 3" generation and DM models

" This result includes new models | category Inclusive | 1b | 2
and a comparison to the analysis | Jetrr > 150GV
techniques of the previous paper - . e T
: . . . et |n — -
" Analysis uses a single jet trigger [} <06 <12 <08
with a threshold of 420 GeV m; >1100GeV | > 1717 GeV > 1133 GeV
b-tagging no requirement = 1 b-tagged jet 2 b-tagged jets
— The lowest m. the analysis DM mediator Z’ w* b* DM mediator Z' (bb)
. J . w’ Generic Gaussian SSM Z' (bb)
can test is determined by | : I
. . igna q graviton (bb)
thIS trlgger threShOId QBH Generic Gaussian
Generic Gaussian
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/

Statistical Treatment & Search Phase JHEP 03 (2020) 145

" Invariant mass spectrum of leading jets is fit with an analytic function
fla) =pi (1 —a)P2a P where  u—my//s
" BumpHunter algorithm used to test consistency of the fit with the observed data to
search for excesses
— Inclusive: 1.4 TeV (5 TeV) |y*| < 0.6 (1.2) with p-value of 0.89 (0.88)
- B-tagged: 1.8 TeV (1.5 TeV) >1 (2) b-tag category with p-value of 0.69 (0.83)
" No significant excesses in any channel
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/

Systematic Uncertainties JHEP 03 (2020) 145

" Experimental systematic uncertainties on the background modeling are from the
choice of analytic function and limited size of the data sample

Evaluated using pseudo-experiments of Poisson fluctuations of the observed data
and alternative functions

* Impactis 30-40% for the high mass tails but only 0.1% at 2 TeV

" The main systematic uncertainties on signal MC

1.2

are Jet Energy Scale(JES), Jet Energy & L atias
. . : o . Vs=13TeV,80.51b"
Resolution(JER), and flavor-tagging uncertainty & "I pi1,,¢, - 7% Fixed Cut
- JES s 2% for m, <5 TeV and 4% above > 1
£ .
- JER varies from 3-6% across the m, range I 09f
. . . T —¢-Scale factor
— Flavor tagging uncertainty varies from 98" Smoothed and extrapolated scale factor
2% at jet-p_ of 90 GeV up to 20% for jet-p_ of 3 - || Data-based uncertainty
T 07t [l Extrapolation uncertainty |
c R R | 1 S SR
10° 10°
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/

JHEP 03 (2020) 145

Limits Set

Lower limit on signal mass at 95% CL
Category Model
Observed Expected
" 95% Confidence Level limits set on many ¢ i T GATEY
QBH 9.4TeV 9.4 TeV
BSM models — W’ 10TV 12TeV
. . w* 3.9 TeV 4.1 TeV
Inclusive: Quantum Black Holes > 9.4 TeV DM medintor 7, g, <020 | 38TeV STV
— B-tag: SSM Z’ excluded below 2.7 TeV DM mediator Z', g, = 0.50 | 4.6TeV 4.9 TeV
1b b 3.2TeV 3.1 TeV
" For Dark Matter signals inclusive limits out DM mediator 2" g, =0.20 | 287TeV 28TV
.. DM mediator 2, G9q = 0.25 2.9TeV 3.0 TeV
perform b-tagged due to loss of efficiency at | SSM 7. — o TG
hlgh mass graviton, k/Mpy, = 0.2 2.8 TeV 2.9 TeV
. E 5‘-.‘."'"""'.l--l--:“e;:""l""f S _"l""l""l'"l""N""i
- For leptophobic DM models g% e _._éT,se{vegggo//ogLL ] ;‘10_1* 7 ObsemedssucL |
. . -, M B e e Xpecte! %o 3 B s Ex °% CL 3
limits are consistent Xt .., m-io 1% - ]
E ., i— TZ0 E I e P +20
% : 3 X 5 |
c10%E 7 X0
: . .
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10°5E 15 =13 Tev, 139 1" 4 10*F s5=13TeV, 139 1" o
- ATLAS 3 - ATLAS E

10—6 v v b v b v v b by vl b b e b by
4 5 6 7 8 9 10 15 2 25 3 35 4

UCHIEASnE... (7 ENERGY i
Magy [TeV] Megu 7 [TEV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/

Flavor Tagging Improvements JHEP 03 (2020) 145

" A new Deep Learning algorithm (DL1r tagger) is used to identify jets containing
B-hadrons
- Inputs from features of b-quarks: secondary vertices, impact parameters, etc.
— Additionally a recurrent neural network trained on tracks to exploit the correlations in
jets with B-hadrons

" Analysis performed a detailed study to quantlfy 2107F — e e D o D e a0y 3
the impact of the new DL1r tagger 2| —— CurrentResult (139 fb”) ]
— Found significant improvement over full X 102 .
mass range E - E

* Even when accounting for increased Al )

luminosity 107 ATLAS -

- DL1r provides an additional improvement 4: I‘DSM=n12 dTi:t\;r Z(E5). 5 =025 2b_tag\‘\— -
byupt03.5x 10.5_ N R

IIlIII
1.5 2 2.5 3 35 4 4.5 5
mDM mediator Z’ [TeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/

Run: 329716
Event: 857582452
2017-07-14 10:48:51 CEST
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Di-jet Resonances in Events with Isolated Leptons JHEP 06 (2020) 151

Ve/Vu

" Search for hadronic resonances in events with isolated g7
leptons

— Motivated by cascade decays or associated production
* Sensitive to various BSM models:
— technicolor

- New heavy gauge bosons (SSM Z'/W’)
— Charged Higgs
- Simplified Dark Matter models with

couplings to vector bosons Ve/Vu or e/t
" Requiring a lepton reduces backgrounds making it possible 7
to search for resonances with m, < 1 TeV <

- Rate of multi-jet events at Iow m, makes this kinematic region inaccessible at the LHC
without using the lepton trigger or a Trigger Level Analysis
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-32/

JHEP 06 (2020) 151

Event Selection & Background Modeling

ATLAS Simulation |:| Multijets PYTHIAS
s=13 Tev, 139" [] wsiet PowHEG
. tt POWHEG

- s-top Pythia8

Dijets + n

An unprescaled single lepton trigger is used
— Threshold of 26 (24) GeV for electrons (muons)
- Require two jets with p_ > 20 GeV, |n| <2.4

* At least 60% of jet energy must be associated "
with the event’s most energetic vertex e : Sem——
- M, reconstructed from the two leading p; jets in the event W

Dominant backgound contributions come from Multi-jet, W+jet, and ttbar processes
" MC simulation of QCD processes in this final state is challenging so Control
Regions are identified to quantify backgrounds
— Three jet control region — a 60 GeV jet replaces the isolated lepton
* Used to improve statistics in QCD MC studies and compare with data
— Loose Electron control region — identify ‘loose’ but not ‘tight’ quality electrons
* Used in data to compare with QCD MC, and perform background fit

studies
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-32/

Statistical Treatment & Search Phase JHEP 06 (2020) 151

" Observed data is fit with a five parameter analytic function
F(x) = p1(1 — z)P2gPsTPainatrs In*z where = =ms/\/s

— Fitting between 0.22 TeV — 6.3 TeV
* Result has a y?/ndf = 0.92

T T |
- ATLAS e Data
—— Background fit
x%/ndf=0.92

Events

" BumpHunter algorithm is used to search for
significant excesses 10

Vs=13 TeV, 139 b

— Largest deviation at 1.3 TeV withaloc
significance of 2.80 and 1.30 global 1

Dijets + e/

— Consistent with the background only
hypothesis

Significance

sk - =
2x10™"  3x10™ 1 2 3 4 5 6 7
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-32/

Limits Set JI-:|EP 06 (2020) 151

10E Vs=13TeV, 139 fb" —e— Observed 9% CL
En e Expected 95% CL ]

" 05% Confidence Level limits were set for BSM resonances

- SSM Z' mass below 2 TeV
* For Z' /W’ mass splitting of 250 GeV

— Techni-pion masses below 350 GeV

- Charged Higgs H* mass below 1.2 TeV

* FortanB =0.5 :; B QS/CL/UPP:BEMS :
- Simplified DM Leptophobic Z' mass excluded & "™ '®® - cimeooson. |
below 1.2 TeV <10 —o— G/m,=0.15 Obs.
010_2:_ & ;zx1/n;x=0 Exp. |

" Cross section limits set on model independent - Ly, 0 ==
Gaussian signals with widths between 0 and 15% 10°F i
of signal mass 10 .
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-32/

Summary & Conclusions

" ATLAS is publishing Run-2 legacy papers with the full 13 TeV pp dataset of 139 fb

— In addition to the larger data set making use of advanced techniques such
as more precise calibrations and improved algorithms
* Deep learning trained b-tagging algorithm improved sensitivity by up to
3.5x for resonances decaying to b-quarks
" Results shown for ATLAS’s searches for resonances decaying to hadronic final
states

— Resonances decaying to jet pairs are signals from many BSM models
* Highest limits set exclude QBH below 9.4 TeV

— New analysis searching for di-jet resonances in events with isolated leptons
* Excluding SSM Z'’ below 2 TeV

" More exciting results still to come
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