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ATLAS - A broad search strategy!

Talk Speaker
Searches for dark matter with the ATLAS detector A. W. Zeng
Searches for rare top quark production and decay processes with the ATLAS experiment C. Wang

Searches for new phenomena in final states with 3rd generation quarks using the | Meng-Ju Tsai
ATLAS detector

Searches for additional Higgs bosons in ATLAS N. Cavalli
ATLAS searches for supersymmetry with prompt particles S. Huang
ATLAS searches for supersymmetry with long-lived particles K.K. Gan
ATLAS results on exotic hadronic resonances 1. Yeletskikh

Searches for BSM physics using challenging and long-lived signatures with the ATLAS M. Didenko
detector

Poster Presenter
Search for new resonances decaying into a Higgs boson and a generic new boson X in E. Rossi

the XH -> qqgbb final state with the ATLAS detector
ATLAS searches for Higgsinos with R-parity violating couplings in events with leptons O.A. Ducu

Search for direct production of electroweak gauginos in events with two same-sign or S. Huang
three leptons in 13 TeV pp collision data with the ATLAS detector
Search for new physics in multi-body invariant masses in dijet events with an isolated W. Islam
lepton in pp collisions at sqrt(s)=13 TeV with the ATLAS detector
Search for single production of a vector-like T quark decaying into a Higgs boson and top J.H. Foo

quark with fully hadronic final states using the ATLAS detector

In addition to all the interesting
Standard Model precision measurements
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https://indico.cern.ch/event/1133591/contributions/4949542/
https://indico.cern.ch/event/1133591/contributions/4949565/
https://indico.cern.ch/event/1133591/contributions/4949605/
https://indico.cern.ch/event/1133591/contributions/4949605/
https://indico.cern.ch/event/1133591/contributions/4949592/
https://indico.cern.ch/event/1133591/contributions/4949571/
https://indico.cern.ch/event/1133591/contributions/4949590/
https://indico.cern.ch/event/1133591/contributions/4949552/
https://indico.cern.ch/event/1133591/contributions/4949581/
https://indico.cern.ch/event/1133591/contributions/4949581/

Overview

Search Paper | Previous Motivation
Results

Search for resonant | arXiv | ATLAS@8TeV, Heavy Vetor

WZ in leptonic final CMS@8TeV, Triplets (W),

states ATLAS@13TeV | extended Higgs
Sector

Search for charged- | arXiv | LEP[1, 2, 3], deviations from

lepton-flavor- ATLAS@8TeV SM expectations

violating decay sensitive to new

Z — ey physics

Searches for exclus- | arXiv | ATLAS@8TeV, | Higgs  Yukawa

ive Higgs and Z bo- ATLAS@13TeV, | couplings (to 1St

son decays into a vec- CMS@8TeV, and 2" gen.)

tor quarkonium state CMS@13TeV

and a photon
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https://arxiv.org/abs/2207.03925
https://doi.org/10.1016/j.physletb.2014.08.039
https://doi.org/10.1016/j.physletb.2014.11.026
https://doi.org/10.1016/j.physletb.2018.10.021
https://arxiv.org/abs/2204.10783
https://doi.org/10.1007/BF01553981
https://doi.org/10.1007/s002880050313
https://doi.org/10.1016/0370-2693(93)90348-L
https://doi.org/10.1103/PhysRevD.90.072010
https://arxiv.org/abs/2208.03122
https://doi.org/10.1103/PhysRevLett.114.121801
https://doi.org/10.1016/j.physletb.2018.09.024
https://doi.org/10.1016/j.physletb.2015.12.039
https://doi.org/10.1140/epjc/s10052-019-6562-5

Search for resonant W2 in leptonic final
states [arxiv:2207.03925]

search for new heavy vector triplet
(HVT) resonances; W’

m couples to the Higgs field (gy)
and longitudinally polarized SM
gauge bosons (gy)

m no coupling of the heavy vector
resonance to fermions (gr)

investigating tree-level couplings of
charged Higgs bosons to vector bosons
zZ within the Georgi-Machacek (GM) model

W m extends the SM Higgs sector by including
one real and one complex triplet

©
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https://arxiv.org/abs/2207.03925

Search for charged-lepton-flavor-violating
decay Z — ey [arXiv:2204.10783]

m lepton-flavour violation has been observed in the neutrino sector

m rate of charged-lepton-flavor violation is expected to be
vanishingly small
m this analysis performs a search for Z — eu using the full LHC
Run-2 data
m indirect searches for u — ete~e* or u — ey imply
BR(Z — eu)< 5 x 1013
m these interpretations can be evaded
m direct searches for two-body decays into ey remains a vital part of
the charged-lepton-flavor violation search

Measurement Limit Comment 7 ut
B(Z — eu) <75x10~7 20.3tb~'@8TeV >AZN\,<
B(Z — er) <5.0x107°

B(Z — ur) <65 x 10-5 full Run-2 data . e
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https://arxiv.org/abs/2204.10783

Searches for exclusive Higgs and Z boson
decays into a vector quarkonium state and

a photon [arxiv:2208.03122]

m a complete observation of higgs boson couplings
to third generation charged fermions

m study of couplings of the 15t and 2" generation
quarks through H — q@ decays suffer from large
multi-jet backgrounds

m radiative decays of the Higgs boson into a vector
meson state (Q) decaying to u*u~

m B(H— J/yy)~10-°

m B(H— 7(1S,28,3S)y) ~ 1079 -10-8
® B(H— w(2S)y)~ 1075

m distinct experimental signature

deviations of the quark Yukawa couplings from the SM expectations can

lead to significant enhancements for the BR of radiative decays
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https://arxiv.org/abs/2208.03122

Machine Learning in Event Selection |

m the search for resonant WZ
production in the VBF process uses
an Artificial Neural Network (ANN)
to select signal events

m binary classification (VBF signal process or background)

m trained on simulated H§E events as signal against SM WZ
production

m training sample reduced by requiring > 2 jets with
mj; > 100 GeV

Training variable Definition

my; Invariant mass of the two leading-pr jets

Adyj Difference in ¢ of the two leading-py jets

nw, Nz Pseudorapidities of the reconstructed gauge bosons
N1 Leading-pr jet pseudorapidity
CLep Event centrality

s Missing transverse momentum
Hy Scalar pp sum of the VBF jets and the leptons from the WZ decay
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Machine Learning in Event :g{é I{i

Selection |

m network with two hidden
layers and 45 neurons each

m the features were chosen
based on their impact in
training:

m the loss in the expected
significance when adding
or replacing features were
evaluated for each set of
variables until an optimal
set was found

m all mass samples
(0.2-1 TeV) of simulated Hg"
events used in training

Events /0.05

ATLAS 4 Data
WZz-QCD
s =13 TeV, 139 fb”' WZ-EWK
Post-fit
....... 2z
....... = VVV+iV
....... Fake/non-prompt

Data/Post-fit

01 02 03 04 05 06 07 08 09 1
ANN score

m training applied to both HE and HVT Model samples
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Machine Learning in Event By
Selection I >W<

m a Boosted Decision Tree (BDT) is
used in the Z—eu search

3000

.
[ ATLAS

I Vs=13 TeV, 139 fb*
[ Post-Fit

22 o Data

Emz-

[ Non-resonant
EmZ-up

a2 Uncertainty

— signal (hypothetical)
at limit x

BDT threshold

Events / 0.04

m trained on simulated signal and
background in the
85 < mye < 95 GeV mass window
m the chosen threshold value of the
BDT score maximizes s/v/b

m same procedure used to define

0

1.4
12|

08
0.6,

Data / Bkg
.
3
R;’

same-flavor control regions (CR) T e
m BDT trained on selected eu events Features:
with m,e £20 GeV around the leading jet pr
Z-mass E_‘_niss
p7 (p%°/pPy used
for ee/uu CRs)
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Classical Event Selection

m a cut and count procedure is used
for the event selection in the the
search for Higgs and Z boson
decays into a vector quarkonium
(Q) state and a photon

Common Selection
two muons with pr > 18/3 GeV, |n| < 2.5
one photon with py > 35 GeV, || < 2.37
Ap(Q,y) > /2

} forms a Q — ytu~ + y candidate

7(1S,2S,3S)candidates
8.0 < my+,~ < 12.0 GeV
W , <91GeV pl;i“: > 40.0 GeV p!;if‘: > 34.0 GeV
tmy > 140 GeV pfi“i > 54.4 GeV pr > 527 GeV
91 > myi,-, <140 GeV pf “ threshold varies linearly between the above cuts
barrel (B) category - both muons |n| < 1.05
endcap (EC) category - at least one muon |n| > 1.05

Eirik Gramstad Recent searches for new phenomena with the ATLAS detector 1st September 2022



Background Estimations

m Exclusive background: Drell-Yan production of muons with a
highly energetic photon
m shape of background estimated using simulations
m normalization determined from a fit to the data in the signal region
m Inclusive backgrounds:
El inclusive multi-jet or y+jet involving production of Q states with
subsequent decays to uu~
non-resonant dimuon pairs with the y-candidate being a
mis-identified jet
m estimated using data
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Results in J/yw or w(2S) + y

Z boson Higgs

E 140F 4 E)a(a ‘ /‘1TL/‘|S ‘ = > s0F + E)ata ! /‘\TLA‘S ! I
w [ —Background Fit ls-13TeV, 13917 = J © ™"k~ Background Fit (s=13TeV, 139107
S 120 y(0S) Background 86 <m,,,, <96 GeV 8 Fiiyos sackgown  122<m,,, <128 Gev ]
> ,EIE‘xcluswve Background ] < 40 [@Exclusive Background |
£ 100 [l bimuon Background - 2] [ [ bimuon Background ]
9 FOBEZ - Jyy) =12x10° ] S [IBHoJy=21x10° ]
D 8OF[IB(Z - w(2S)y) =23 x 10° 3 @ 30F B(H - y(@S)) < 1.1x 10° B
60[- & r 1
E * ] 20 { e
40— A = F 1\ ]
20: ,* \H ! +,: 10F }/ \ =

5 | L RNt I it St
2 LBt bt H Booghl b [y T L
S o5t 3B BRI
Q 242628 3 32343638 4 42 8 242628 3 32 34 36 38 4 42
My [GeV] m.... [GeV]

95% CL upper limits
Branching fraction ax B

Decay | Higgs boson [ 1074 ] Z boson [ 107° ] Higgs boson [fb] | Z boson [fb]

channel | Expected Observed | Expected Observed Observed Observed

gy 1908 2.1 0.6 1.2 12 71
w(28)y | 8588 10.9 2.9743 2.3 61 135

Upper limits
represent an
improvement
by a factor of
~ 2 relative to
the previous
results from
ATLAS using
~ 1/4 of the
data
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Results for resonant WZ prod.

m local excess of events around mass of

375 GeV

m 2.50 and 2.8c local significance in the W’ (
and HZ models (1.70 and 1.6c global) ng

No significant excesses

Limits on the BR times cross-section as a function of

W’ and Hg have been set

oL B B B L BN B
= ATLAS ——— Obs. 95% CL upper imit E
§ Vs =13TeV, 139 f5' — — Exp. 85% CL upper limit ]
1 VBF SR [ Expected limit ¢-10) 7
z 1 [ Expected limit &:20) E|
n: ——— HVTVBF, gg,=1 3
°© ——— HVTVBF,q,=15 ]
10! —— HVTVBF, gg,=2 .
107

| | | | | | | | |
400 600 800 1000 1200 1400 1600 1800 2000
m,, [GeV]

o x B(H: —W2) [tb]

b

U

o o
T 7 7 7
w5z 0 " 5z N
v e W e
2 g . s ¢ ,
T ]

T T
ATLAS

2 VE=13TeV, 13917 § paa |
Postit wz.aco
VBF SR WZEWK
z
20) -
. iy

Fake/non-prompt
Postituncertainy
VBF H; 375 GeV x 05 |
- HVT VBF W 600 GeV x 4

Data/Post-it

200 a0 0 800 000 1200
m(WZ) [GeV]

I B B e e R
ATLAS Obs. 95% CL upper limit

E Vs=13TeV, 139 fb™ — — Exp. 95% CL upper limit
[ VBFSR [ Expected limit (+10)

|:| Expected limit (+20)

| | | | | | |
300 400 500 600 700 800 900 _ 1000
m,. [GeV]

ST
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Results for Z — eu search >W<

no localized excess consistent with

$ 20005 A7) A E _
© 18005 (o ygroy, 13015 @ Dun E Z — eu decay is observed
& 16008 == Total Background -
10058, T ot E
> - lin'fESOHan 7: _ avg
5 1200 L oty 3 Nz eu =Nz "(A x €)z-eu
at limit x 20 i
800 4 x B(Z — eu)
6005 =
4005 =
2023‘” - Quantity Value
T 12f ; Axe 10.3 +£0.3
R SO X S 9L 1t +L+1+‘i 1 +x+§ av Zorep ( >(78
AT Sl SR SR A KU NoE (7.87 4 0.19) x 10
0.8F E
675 80 85 80 95 100 105 110

me, [GeV]

The most stringent direct result yet reported!

B(Z — eu) <2.62x 1077
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Conclusions and Outlook

m the ATLAS Experiment has a comprehensive set of searches for
new phenomena exploiting the complete LHC Run-2 data set
m no significant evidences for any new physics yet reported
m LHC Run-3 has just started at an increased energy,
Vs =13.6 TeV
m a doubling of the current data set is expected in Run-3
m several of the analysis presented here are limited by statistics
m can expect improved limits (observations!?) in Run-3
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Background Estimations P

1) make 2) construct PDFs of the 3) variables are drawn 4) the no n
a Gener- relevant kinematic and from different PDFsina  are imposed on the

ation isolation variables, 4-stage procedure, where pseudo-candidate events
Region parameterised to respect the PDFs usedin each  and used to construct
of "soft" the most important stage is based on the templates for the m,+ .,
Q— correlations value from the previous  distributions
[U+‘L(7)/' Stage
candidates

Stage 1 pr ] [ mq ] [ o) ]

Stage 2 An(Q,7)

Stage 3 Ad(Q,7)

3D
Stage 4 [ Ty ] [ 7 Track-Iso ]



https://arxiv.org/abs/2112.00650

Background Estimations P

Background estimations validated in different "relaxed" SR

> T T T > F T T T T 4

[ - ~ © £ |

o [ Region: VR3 ATLAS 1 o 22001 Region: VR3 ATLAS E

~ 12001~ y(nS)y Analysis - ~ 2000F Y(nS)y Analysis =

2 L PreFit ] £ 1gooE- Pre-Fit 3

S L b 9] E E

& 1000~ 4 Data \s=13TeV, 139 fb" ] T 1600 $ Data \s=13TeV, 139" 3

L Exclusive Background ] E | Exclusive Background E

00 . 1400F [ 3

N M Inclusive Background 1 1200i W Inclusive Background =

= v i . E 7 H |

600 7 Model Shape Uncertainty = 1000F 4 7/ Model Shape Uncertainty E

r ] 800F | =

400 e 00— ? =

200 4 4008~ J E

L ] 200 —

3 o) F E

8 158, = 3 150 . ettty 2

§ . s P T LT '..-."m'.'u'o“"o#,*f § 1.0*}0“ BT L 24 o’h';'"%'u“ ‘N“‘Hb%%

% L | | | | 1 § 05 | | | | H
[a} 50 100 150 200 250 300 [a} 50 100 150 200 250 300

My [GEV] My [GeV]

the grey band is estimated by allowing the shape of the background to
vary around the nominal shape controlled by three variations: 1) p?, 2)
A@(Q,y) and 3) an overall "tilt" of the my -, distributions



Results in 7(1S,2S,3S) + y

Z boso

Higgs

> T T T T T T
8 220F-B and EC Categories ATLAS 3 Fs ar‘]d EC ‘Catego‘ries ‘ATL)!S B
10 200]- + Data ) 15=13TeV, 139 b © 30F + Daa s=13Tev, 13910"
S 180 — Background Fit 86 <my,, <96 GeV “! [ — Background Fit 122<m. . <128GeV ]
2 nS) Background e E £37(nS) Background . B
% Exclusive Background 2 251 H Exclusive Background —
3 140 [ Dimuon Background " g E [ Dimuon Background ]
[B(Z > Y(15,25,35)) = (1.0.1.22.3) x 10 § 20 [JB(H - Y(15,25,38)y) = (2.6,4.4,3.5) x 10*
15 e
AN ;
o
e TSP S ERE: N
%0.5* B %0'54 ¥+TT Ty AERARE
8 85 9 95 10 105 11 115 12 3 55§ 95 70 105 1T 115 12
My [GeV] My [GeV]
95% CL; upper limits
Branching fraction ox8B
Decay | Higgs boson [ 1074 ] Z boson [ 1070 ] Higgs boson [fb] | Z boson [fb]
channel | Expected Observed | Expected Observed Observed Observed
Y(1S)y | 28743 2.6 1594 1.0 14 59
Y(28)y | 3558 44 2,048 1.2 24 71
Y(3S)y 3.1f}’-_‘; 3.5 l.Qf%'g 23 19 135

upper limits
represent an
improvement
by a factor of
~ 2 relative to
the previous
results from
ATLAS using
~ 1/4 of the
data



Machine Learning in Event Selection |

m the search for resonant WZ
production in the VBF process uses
an Artificial Neural Network (ANN)
to select signal events

m binary classification (VBF signal process or background)
m implemented using Keras on top of TensorFlow

m trained on simulated HEjf events as signal against SM WZ

production
Pre-selection Features

i 1 Training variable Definition

jets g
- my; Invariant mass of the two leading-pr jets
m]/ > 1 Oo Gev Ay Difference in ¢ of the two leading-py jets

. NNz Pseudorapidities of the reconstructed gauge bosons
VetO eventS Wlth b' nj1 Leading-pr jet pseudorapidity
. CLep Event centrality
tagged Jets ET'™ Missing transverse momentum
Hy Scalar pp sum of the VBF jets and the leptons from the WZ decay

'with pr > 30 GeV and |n| < 4.5, vetoing b-jets and removing jets likely to come
from pileup



Machine Learning in Event E I{:
Selection | A N A

m a 4-fold cross-validation used
when optimizing the network

10°- ATLAS + Data

Wz-Qcb
Vs =13 TeV, 139 fo" WZ-EWK
Post-fit

Events /0.05

m training performed with 100 VSRRSO o wwery
. g e Fake/non-prompt
epochs and two hidden layers O INTVEF W15 Te [ Posit ocorainy

WZ-QCD VBF CR VBF SR

w/ 45 neurons each

m the features were chosen based
on their impact in training:

m the loss in the expected
significance when adding or
replacing features were
evaluated for each set of
variables until an optimal set
was fOUnd 0 01 02 03 04 05 06 07 o.eANz.escor;

m all mass samples (0.2-1 TeV) of simulated H?f events used in
training
m training applied to both HE and HVT Model samples

Data/Post-fit




Machine Learning in Event
Selection li

m a Boosted Descision Tree (BDT) is
used in the Z—eu search

Events / 0.04

m trained on simulated signal and
background in the
85 < mye < 95 GeV mass window

m the chosen threshold value of the
BDT score maximizes s/v/b

m same procedure used to define
same-flavor control regions (CR)
Pre-selection

one electron and one oppositely charged muon
70 < mye < 110 GeV
EfMiss < 50 GeV
veto events containing a jet with pr > 60 GeV
veto events with b-tagged jets

Data / Bkg

w
8
3
3

.
[ ATLAS

r Vs=13 TeV, 139 fb*
[ Post-Fit

o4
0671 -0.5 0 0.5
BDT value
Features

leading jet pr

Emiss

pF (0% /P

used for ee/uu CRs)

ut
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