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Overview

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary
Status: March 2022 fll dt = (3.6 —139) fo! V5=8,13TeV

® Numerous reasons to search for Model Ly Jetst EP fraq) Limit Reference
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Type Ill Seesaw 234epu  22)  Yes 139 910 GeV 2202.02039
LRSM Majorana v 24 i - 361 32TeV m(We) = 4.1TeV, g = gr 180811105
+ | Higgstriplet H** - W*W* 234 e, (SS) various  Yes 139 DY production 2101.11961
. . S | Higgs triplet H** — ¢( 234eu(SS) - - 139 1.08 Tev DY produ ATLAS-CONF-2022-010
: S Higgs triplet H+* — (e 3equt - - 203 D production, B(H:* — (7) = 1
earches with emphasis on e BT T D m b
Magnetic monopoles: = - - 34.4 | monopole mass 237 TeV DY production, lg| = 1go, spin 1/2 1905.10130
1 1

Vs=13TeV  V5=13TeV

3 rd g e n e rati O n q u a rkS a n d | e pto n S Only a selection of the Jvar/a':::::;‘::‘:rnws or’wuvlvlo‘:/ﬂ:m:os or phenomena r: E.)/:wn 1 ° Mass scale [TeV]

adius) jets are denoted by the letter j (J).

Small-radius (large
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B _Ta g g | n g ATLAS-FTAG-2019-005

} Vertex identification

® 3rd generation charged fermions: short-lived
in busy environments

with complex decays = sophisticated event re-
construction and detailed detector understanding

required o B — —
'% i ATLAS Preliminary Simulation — Mv2 (2018) ]
.%1045 ﬁ/()_GeL3<T§V<P2'28vé§\t/S|n|ilr;5 ——. DL1f, _0 .08 (2018) il
e Key technique: identification of : ' B R i A
b-quark induced jets R
o Recurrent, deep neural networks "l
mapping tracks to a b-jet score
10" E
: - g + Early Run 2
e Ongoing development with further : : Vsa g’ndlgf S un o
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-027/
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BOOSted TOp—Quark Tagg|ng arxiv 1808.07858

T o ke o
e Building R = 1.0 anti-k_ jets from clusters of calorimeter cells, o [ Bepetmieed eV :
. I t b t f ft QCD h . : 50—+ DNNtop irr‘irzr;rleggnti-ktl?=1.0jets ]
removing lower p.. contributions from so physics T Thrwte e ]
B a0 .
* . . 2 r ]
e Deep Neural Network tagging algorithm £ .
c 30p n
O Input- Jet maSS, pT and § 6000 "'A_'r“_lq's'\""I""|"";"'['1;(;'2'0‘1;;;61-8 vvvvvvv ;: g 20; —_— E
1 © s=13TeV, 36.1 fb" 7 (to 1 - ]
substructure variables S B000E Yo it Aot % tggw’h;’) 1% —— :
. . 5 AR(large-R jet, b-jet) < 1.0 tt (other 1m r — ]
(constituent p_ correlations, &, f sese U EEswemen 45 g —— ———_—
e.g. as indicator of a 3-body- om0 b
decay) 8000 : ts?i?:}-c,::iienr;uncer; E 400 600 800 1000 1200 1400 1600 1800 2000
A Py [GeV]

o Training with a flat p,-spectrum
for true top-quark jets

Outcome: binary classifier,
cut decision giving = 80 %
efficiency V jet p,

Data/Pred.
E IO
.

" Fully connected, feed forward architecture 004 02 03 04 05 06 07 08 09 1
i . Leading large-R jet DNN top discriminant 4
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https://arxiv.org/pdf/1808.07858.pdf

Top + Bottom Resonance Search (W')  anascovezoeros

Analysis Strategy

1-b-tag-in category

W' 3
+
C q o [50%
(}/ 8 WP
b > TR2 SR2
Z |sgx
e Benchmark model: new charged mediator W’ F. we
coupling to right-handed top and b-quarks 3 CR2a | CRila
e Selecting events with a top-tagged &l
large-radius jet and a separate b-jet - CR2b CR1b
e Signal and control regions defined by o 85% WP ,
top-tag and b-tag scores B-tagging Score
e Major background: multijet production, Neg;
data-driven estimation \ . N Neg
CR2 5
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https://cds.cern.ch/record/2779178

Top + Bottom Resonance Search (W)

Results

ATLAS-CONF-2021-043
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https://cds.cern.ch/record/2779178

Single Vector-Like Quark T

Analysis Strategy

e L[HC Run1/2:lower mass limits on
Vector-Like Quarks (VLQ) beyond 1 TeV
= Higher rates of single VLQ production

o Here: Wb—T—Ht

e H-boson and top-quark reconstructed as
large-R jets with corresponding substructure,

coupling
strength k.

> -
: ' ' & 180 AT sen my = 1.6 TeV, k; = 0.5
InC|Ud|ng b-tagglng 8 160:_All—hadronicysingleT—) Ht |=|tf-(ra_ll-h-ad) T
. . . — [C Signal Region mit+ Z/W/H
o Signal region: large-R jets pass H 3 140/ monetcp
[ ~ non all-na
and top-Tagging requirements, resp. 2 Ez_ S mMUlet e ne
o Control regions with two top-tags sof
for tt normalisation T ™ large-width
e Major background: multijet production, 40/ signal m, -spectrum
data-driven estimation =
Dol b b Ly oy B YO SRR SRR N
01 12 14 16 18 2 22 24 26 28 3
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https://arxiv.org/abs/2201.07045

Single Vector-Like Quark T

Results

e Combined fit of signal and control region

dijet invariant mass spectra ® Exclusion limits on the T-quark mass,
depending on K
- 180 ATLAS + Data P 9 T
) - Vs=13TeV, 1391’ mm =16TeV, k=05 16
8 160—_AI -hadronic single T — Ht \:|tt (aII had) PR - ATLAS
= - Signal Region post-fit =tst.; Z|év¥éH 1.4—_ Vs=13TeV, 139 b
_g 140:— e (ngon aIEhad) T All-hadronic T — Ht
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https://arxiv.org/abs/2201.07045

Resonances in 4-top-quark events ATLAS-CONE-2021.048

Analysis Strategy

RC jets

b-jets
Additional jets
Lepton

® Search for new resonances coupling
only to top-quarks

e Target signature: "7\ coupling

o Single lepton events: e or p from o A strength ¢,
associated top-quark decay
o Resonance mass reconstruction

from two fully hadronic top-quark decays
— discriminating variable m

1111111111

600 T T T T T -
- ATLAS Preliminary —— Functional form fit |

500 :_ Vs =13 TeV, 139 fo-! ¢ Source region data b

X2/ NDF: 14.7/19

Events /0.1 TeV

e Data-driven background estimation (tf events)
o Control region with fewer b-tagged jets
o Fitting a smoothly falling function of m |

o Extrapolation to the signal region
using simulations

Data / Fit

IUEEUNPAPOUPIVEN B
0 ; Fit uncertainty +

00 125 150 175 200 225 250 275 300 9
myy [TeV]
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https://cds.cern.ch/record/2781173

Resonances in 4-top-quark events ATLAS-CONE-2021.048

Results

[ 3= T T T T T T T —
> C T T T T T T T T ] e 10 ; é
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- : ] Q N ]
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100 -
10 = = =
- g 107" =
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+— | D) = W A . Y ek e =] _
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e No mass exclusion for Z'-top coupling strength c, = 1
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Tau Lepton Identification 1L PHYS PUB.2015.03

Shared Shared
]

Boo 3 ongw promrmrr dense dense

_;30'06: : £8 o  ATLASSimision Prominay | Merge
5 0.04] Uz 008:‘*!—'—'—'—v—'—*r**"—'—'—v—'—'—””r'—*

£ ooe. 8 go7. ATLASSimulation Preliminary | Shared Shared

£l o0 T 1 Clusters — — LSTM r—= LSTM >

o8 : / Dense |[—* Dense [—* Dense
o0 b O dense dense
T Ggees P [N
& q;i,;‘o.oa; s Ry ]
gooz | | SR High-level
Foot | T & Dense [ Dense [—* Dense
L SO variables
5 10 15 20 25 30 35 40 45 5(

Leading cluster £, [GeV]

e Recurrent neural network used to c 10 R A o A
dlStInQUISh T_Ieptons from Jets g - ATLAS Simulation Preliminary 7
(0] B a
o Trained on di-r and di-jet MC samples, % 'O°F E
same p, distribution after reweighting 5 | i

L 10

e Charged particle tracks, calorimeter cell
topological clusters and variables
derived from them as input

—— RNN (1-prong)
----- BDT (1-prong)
10 o Working points (1-prong)
RNN (3-prong)
----- BDT (3-prong)

] Workmg pomts (3- prong)

1| \IIHIJ

e C(Considerable improvement compared to

previous approach with fewer input variables
Patrick Rieck - NYU True 1, efficiency
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https://cds.cern.ch/record/2688062

Search with r-leptons, b-quarks and MET 8rX(v:2108.07665

Analysis Strategy

b v
® Search for pair production of new particles via strong p T
interactions: h i %
1. SUSY: stop-quark pair production . 4
and decays to stau leptons e ™ 7 ~
.y P 7 -7;-<‘ G
2. Leptoquarks: spin € {0, 1}, |Q| € {V5, %}, p -
decays € {{tv, br}, {bv, tr} } b 37
e MET triggered events, 1 or 2 r-leptons .3

(hadronic decays) and b-tagged jets

o Require large momentum transfer collisions, p LQ: i
e.g. S;= 3 p.(7, jets) > 800 GeV e v, T

e Main background: tf events (W—rv decays), LQi T
estimated from control regions, e.g. with lower S_ P o <

t,b 12
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https://arxiv.org/abs/2108.07665

Search with r-leptons, b-quarks and MET 8rX(v:2108.07665

Results

> BFTTTTT T T T T T T T T T T T T T
. . . . 3 ATLAS ¢ Data % Totasm 1
e Combined control and signal region fit, % BE Voo 1atev, 120’ Micray Hone -
also using the r-lepton p_ distribution | e B 0
o  Multijet background negligible thanks to Y i Aztonpe0s
the good r-lepton identification 8 E
T‘ ﬂ production, with branching ratios B(T‘ —Thv)=1, B(?‘ - ré) =1 6 —E
% 1800:— LI | T T T L _: .................. E
e SUSY: Stop-quark % 1600:_\/Aé::-;fev,139fb'1,AIIIimitsat95%CL E ‘
E F - - - Expected limit (+1 Sexp ] 2 4
and stau-lepton  © el L et = e
. F ATLAS 13 TeV,36.1 fo” (Observed) .= 3 60 80 100 120 140 160 180 200 220 240
mass eXC|US|On 12005_ — ATLAS 8 TeV, 20.3 fo" (observed) B TR _E pT(r) [GeV]
1000 — LEP limit - LQ; LQ; production, LQ; —bt/tv,
:_ _: g 'E"'|'"|'"I""_“_‘"'Y"'I"'I"'E
}L_ _: @ 07%_ = Expected limit (+1 G4) _E
‘E E o E_ == Observed limit (+1 emea,r)_g
| - = s g_ :)'LLSI;i;:)TeV, 36.1fb _g
0600 800 1000 1200 1400 c E
e Leptoquarks nfplon “E E
o Spin 0: mass and branching fraction exclusion ..t 3
o Spin1, SU(2) singlet: m <1.77 TeV excluded °¢ = . 7
600 800 1000 1200 1400 1600 1800 2000

&
3
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Leptoquarks with cross-generational couplings  anasconezoz.000

Analysis Strategy

e Selecting events with MET > 250 GeV, P« mo i o
N =1 N >4 N > 1 Ui ¢,v Targeting final
ely ' lets T 77 Tbejets :’ States with
‘l\ ¢y, Lv.b andeoru
. LOY. )
= Challenging phase space, need for D e <
reweighting of top-quark background 2
prediction from simulations using a . B R
. . S 5 ATI:AS Zreli:ninary'ﬁgata ----pri_:z rew.
dedicated control region e ™ ]
§ [[Jdiboson  [Wtt+H -
] [[]Z+jets 77 Uncertainty E
+. L - H = 0
e \WH+jets and single top-quark control regions [ | Necessity of
.............. _ { top-quark back-
e Neural network for signal distrimination =~ ogSeeas & 1 ground reweighting
o Dedicated networks for various signal
hypotheses g s
g A
100 200 300 400 500 600: 1 4
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https://cds.cern.ch/record/2805213

Leptoquarks with cross-generational couplings  anasconezoz.000

Results

I.f) 7|||IIII|||\|||||||1||||||I\I\| IIIIII LI UL
3 - ATLAS Preliminary 4 data .tt . . . ] ]
g [ f5=13Tev.139m'  w.es msngewp] ~® Combined fit of control region event yields
o L vLQ"Y, B(vLQ — bp)=0.5 i . L . .
$ | uome B b0 MY Eboson and neural network discriminant distribution
10* = post-Fit i nc$gﬂal1n7yTev =
E [IVLQpi Boos 1~ = —_—
— - _> — =
i @ 0-95 ATLAS Preliminary E
- T ogb Vs=13TeV, 139 b =
(_Ij é vLQm — tv/bp §
& 07F —vQl > tve - Leptoquark mass
< 06 —vtgggg Vi 4 and branching fraction
L o5t Lo _m'*jwtfbj 3 exclusion: Highest
CT’“’ oub —LQh, > tbe 1 sensitivity for
- o L —Logix - twbv 1 BR(ql) = BR(qv):
= | = 03 —LQ, —tebv = L
S '"'I""|"".""l""l""l""l""l""."' E E E mostd[stlnct
é 1.25 # 0.2 — Observed Limit = final states
g 1?//7 25545 //// ////////////////////// Y % 0.1 - Expected Limit 3
o 0.75 E 7
OT | | i 1 I 1 1 [ Hp 1
500 00 2500
0.5 055 0.6 0.65 0.7 0.75 0.8 0.85 09 0.95 1 Mo [GeV]

NNout
Scalar LQs

Vector LQs, minimal coupling Vector LQs, Yang-Mills coupling
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https://cds.cern.ch/record/2805213

Leptoquark Exclusion Summaries ATL-PHYS PUB2022.012

Examples

1P LQSLQS, all contours at 95 % confidence level [ | N;arch 2022 4PP LQd . Lad.., all contours at 95 % confidence level March 2022
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C - - — tubv 1
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= ——— sbottom-07 3 - ’E< - 3
c [JHEP 05 (2021) 093] SR 03 E
E ATLAS, 36.1 fo' (obs.) SR 0'2; E
= _ [JHEP 06 (2019) 144] - 0.1} —
BT | by —— TN BRI R B [ | | ! .\. [ IR L | | [ :
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® Broad program of complementary leptoquark searches

e Run 2: shift from SUSY search reinterpretations to dedicated leptoquark searches
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Patrick Rieck - NYU


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-012/

Summary

® Broad search program in ATLAS targeting new physics with couplings to
3rd generation quarks and leptons

e Searches empowered by sophisticated event reconstruction algorithms

o Continued efforts providing improvements beyond the luminosity
increase

e Increasing importance of searches motivated by B-meson decay
anomalies, e.g. leptoquark searches

o More final states to be covered in Run 3, providing further
improvement beyond the luminosity increase
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