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Outline

The Standard Model (SM) is currently the best description of the subatomic world,

but it does not explain the complete picture!
Several BSM models have been introduced to explain the open questions,
introducing new heavy particle resonances!

* Many public ATLAS papers and conference notes are available in
ATLAS public results.
 Highlight more recent ATLAS searches for BSM resonances:
* New Resonance Y — XH—qqbb [2306.03637]
* Heavy Higgs in multilepton and b-jets [ATLAS-CONF-2022-039]
* Vector-like Top (VLT) partners [ATLAS-CONF-2023-020]
* New Resonance R — W*W- — evuv [ATLAS-CONF-2022-066] e
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome
https://arxiv.org/abs/2306.03637
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-039
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-020
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-066/

New Resonance Y — XH—qqgbb

New heavy resonances Y decaying into a Standard

Model Higgs boson H and a new boson X.
* Final states defined by a Higgs decays in to bb and the X to
light quark resulting in a fully hadronic final state. . wwﬁ’;ﬂ

* Heavy Vector Triplet HVT model used as benchmark for
cross section upper limits

Background estimation is fully data driven from regions which fail H tagging
Composition:

« ~97% QCD di-jet processes,

« ~3% tt and V+jets processes
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Y Resonance Analysis Strategy

* The high mass of the Y results in both the H and the X are boosted.
 Three Signal Regions SR:

* SR (Merged): X and H are reconstructed as a large radius jet.

* SR (Resolved): an orthogonal resolved region where the X is reconstructed as two small
radius jets.

* SR (Anomaly): Additional anomaly detection, which selects the X particle based solely on
its substructural incompatibility with background iets (not orthoaonal to the other SRs).
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Heavy Higgs in multilepton and b-jets$}

* New heavy scalars with flavour-violating

Ptq t B

. T . . o 1 tq g » 11 tq i ot

decays in final states with multiple leptons a ;;& t jﬁt

and b-tagged. g —— . t
() (b) (c)

« Two benchmark models:

t t

« Two-Higgs-doublet-model (g2HDM) involving an 9 9 ]
additional scalar with couplings to top quark and e pu g Hlo !
the three up-type quarks ( py, P, @and py)- g : g :

* R-parity violating supersymmetry. @ ©

* Target signal:
» final states with either a same-sign top-quark pair,
three top-quarks, or four top-quarks.
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Event Categories

» Events are categorised depending on:
* the multiplicity of light charged leptons (electrons or

muons),
* total lepton charge,

* and a deep-neural-network to enhance the purity of

each of the signals.

accept conversion
candidate electrons
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no conversion
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Vector-like Top (VLT)

* A number of BSM models predict the existence of Vector-Like Quarks (VLQs), as
singlets, doublets or triplets. VLQs usually couple to SM quarks - predominantly
with the third generation - via an exchange of charged (W=) or neutral (Z, H)
bosons

. . . . s-channel b/i t-channel
* Single production of VLQs, unlike pair ! S :
Eroduction, can have a larger cross-section at
igh masses and is dominated by electroweak t t ,
processes. bt
T T
W)z
z W)z b/t

q q/q q q'/q
» Search for the single production of vector-like top partners (T), with final state
containing an opposite-charge pair of electrons or muons (forming a Z boson
candidate) and a b-tagged / forward jets.
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Event Selection for VLT

e Event selection

* a single lepton trigger and OS-SF leptons

with invariant mass m (EE) closest to the mass g ATLAS Preliminaryl e \Il?vaﬁétl(f I't)' o g 1032 ATLAS Preliminary I‘Hl\?;,;Ttezltl(H-Hllt)Hlm__
O'I: the /. e f S:R13Tev’139 fo 1500 GSeIQ/?Lo.s B - fsszTeV’mg fo? 1500 GeV- K =05 1
- od O b ARy 0T gl Z121 Gouble) ]
o [ | Z+jets (LF) - ; vV 3
Events are categorized into two . =mn =it
independently optimized analysis e o 7 Gy
Single- -
channels: 0 . Uncertainy
* exactly two, o ’- ... (T
* Main backgrounds: Z+jets, Jtt tt+ X i :

/ Bkg.

* at least three leptons. 107k

* Main backgrounds: ,tt+ X § ;j:?//’///ﬂ//%%/////////////%ﬁ ;j:%/%/////////////%
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« Discriminating observable for both the o, (GaV] o GV
categories is p+(l);
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esults on VLT
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* A search for neutral heavy resonances (R), decaying into two W bosons (WW —
evpyv, either directly or through tau lepton), produced through either gluon-gluon
fusion (ggF), quark-antiquark annihilation (qgA), or vector-boson fusion (VBF).

* The results have been compared to 5 different model

predictions:

Scalar resonances:

Higgs like narrow width
scalar (NWA),

Higgs boson in Georgi-
Machacek model (GM),

bulk Randall-Sundrum model
Non-scalar resonances:
Heavy Vector Triplet (HVT),

e Qraviton.

Model  Resonance spin  Production mode

ggF qqA VBF

NWA Spin-0 X X
GM X
Radion X X
HVT Spin-1 X X _ o
” : Production of a heavy neutral particle via VBF.
RS G ¢ Spin-2 X X Electron (green), muon (red), jet (yellow cone),

large MET (dashed white) with one jet out of
the detector acceptance.
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Selection of R > W+W- — evuyv

e Events selection:

* two different flavour, opposite-sign leptons with

each pr > 25 GeV.

* One lepton must match the lepton that fires the

trigger.

« Backgrounds:

* top quarks (vetoed b-tagged jet),

* non-resonant WW production.

(MC simulation + reweighing for tt),
« W/Z+jets ,multi-jets (data driven),

 diboson, SM Higgs

* Discriminating variable is the transverse

Mass

my = \/(ng +ErTniSS)2 _ Iﬁgf +ErTniSS|2
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JO7 ULS LIMILON G(PP— @) X BR(¢— VW) |PD|
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Conclusions

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

. . . .
° Status: July 2022 f[ dt = (3.6 — 139) fb! Vs=8,13TeV
I S S e a rC I I l g O r l I I a I l y I l I a Model Gy Jetst ET™ [rdm] Limit Reference
— T — T T —— —
27 ADD Gyk +g/q Oeut,y 1-4i Yes 139 |'Mp 210210874
° ° .S  ADD non-resonant yy 2y - - 36.7 Ms 1707.04147
2 ADDQBH - 2j - 139 | M 1910.08447
r T ] r ] S | ADD BH multijet - >3] - 36 | M 9.55TeV. =6, Mp=3TeV, ot BH 1512.02586
S a e S W I C W O u a r I S e rO e W £ AStGk oy 2y - - 139 | Gk mass 4.5TeV k/Mp = 0.1 2102.13405
S BukRS Gyx > WW/2Z multi-channel 36.1 | Gu mass 2.3 TeV KiMpy = 1.0 1808.02380
8 BUKRS Gkk » WV — fvqq leu  2i/1J  Yes 139 | Guxmass 20TeV KMy =10 2004.14636
x Bulk RS gxk — tt lepu >1b>1J2) Yes 36.1 8Kk mass 3.8 Tev r/m=15% 1804.10823
e u 2UED/RPP leu  >22b,>3j Yes 36.1 KK mass 1.8 TeV Tier (1,1), BA) — tt) = 1 1803.09678
resonances: no evidence o g v . i =
SSM Z’ — T 27 - - 361 |[z/mass 2.42 TeV 1709.07242
(] 2 Leptophobic Z’ — bb 2b - 36.1 2’ mass. 2.1TeV 1805.09299
S Leptophobic Z' — tt Oeu 21b22J Yes 139 |2/ mass 41TeV T/m=1.2% 2005.05138
'é’ SSM W' — tv Tepn - Yes 139 | Wmass 6.0 TeV. 1906.05609
° SSM W’ — 7y 1T - Yes 139 W’ mass 5.0 Tev ATLAS-CONF-2021-025
S ssvuw i - >1b>1J - 139 | W mass 447TeV ATLAS-CONF-2021-043
I I e S | HVTW - WZ - (vggmodel B 1eu 2j/1J  Yes 139 [ W’mass 43TeV 8v =3 2004.14636
e W S I C S ° 8 HVT W’ — WZ — (v ('¢' modelC 3e,u 2j(VBF)  Yes 139 | W’ mass. 340 GeV gven=1g = ATLAS-CONF-2022-005
HVT W’ — WH — fvbbmodel B 1eu  12b1-0) Yes 139 [ W’mass 3.3 TeV gv=3 220700230
HVT 2’ — ZH — tt/vvbbmodel B 02e,u 1-2b,1-0] Yes 139 |2’ mass 3.2TeV & =3 2207.00230
LRSM Wr — uNg 2u 1J - 80 Wg mass 5.0 TeV m(Ng) = 0.5TeV, g = gr 1904.12679
Clqqqq - 2j - 37.0 |A 21.8TeV 1y, 1703.09127
Clttqq 2en - - 139 | A 358TeV 1, 2006.12946
Gl eebs 2e 1b - 139 |A 1.8 TeV &= 2105.13847
[ ) Clyiubs 2u 1b - 13 [a 20TeV 5= 2105.13847
Cl teet 2lep =21b21] Yes 361 |A 2.57 TeV. |Cael = 4n 1811.02305
Axial-vector med. (Dirac DM) Oepu, 1y 1-4j Yes 139 Mped 21Tev £4=0.25, g,=1, m(y)=1GeV 2102.10874
= Pseudo-scalarmed. (DiracDM) Oeu,7.y 1-4]  Yes 139 | Mumea 376 GeV' o1, g=1, m(x)=1 GeV 2102.10874
° ° QS Vector med. Z'-2HDM (Dirac DM) ~ 0 e, 2b Yes 139 | Mmnea 3.1 Tev tanfi=1, g7=0.8, m(y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 | Mmed 560 GeV tanp=1, g=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1% gen 2e >2j Yes 139 LQ mass 1.8 TeV B=1 2006.05872
Scalar LQ 2™ gen 2p >2] Yes 139 | LQmass 1.7 TeV A=1 2006.05872
Q | ScalarLQ3gen 1T 2b Yes 139 |LQjmass 1.2 TeV B(LQ; — br) =1 2108.07665
= Scalar LQ 3" gen Oeu  22j,22b  Yes 139 LQ; mass 1.24 TeV BLQ - tv)=1 2004.14060
° ° Scalar LQ 3" gen 22ep,21721),21b - 139 LQ; mass 1.43 TeV BLQI - tr) =1 2101.11582
Scalar LQ 3 gen Oeu,2170-2j,2b Yes 139 LO‘,) mass 1.26 TeV ﬂ(LQ%’/ﬂ by) =1 2101.12527
L4 Vector LQ 3" gen 1t 2b Yes 139 | L7 mass 1.77 TeV. B(LQY — br) = 0.5, Y-M coupl. 2108.07665
° o VIQTT > Zt +X 2ef2u/>3eu 21b,21]  — 139 | Tmass 1.4TeV SU(2) doublet ATLAS-CONF-2021-024
= @ VIQBB - Wt/Zb+ X multi-channel 361 | Bmass 1.34 TeV. SU(2) doublet 1808.02343
TS VLQ Ts;3Tss|Ts3 > W+ X 2(8S)/28eu>1b2>1) Yes 361 Ts/3 mass 1.64 TeV B(Tsj3 = Wi)=1, c(Ts;3We)= 1 1807.11883
SE vIQT - H/zt teu 21b>3] Yes 139 |Tmass 1.8 TeV SU) singlet, k7= 0.5 ATLAS-CONF-2021-040
° ° 88 VIQY > wh leu 21b>1] Yes 361 |Ymass 1.85 TeV. B(Y - Wh)=1, cp(Wh)=1 1812.07343
== VviQB- Hb Oeu >2b,>1j,>1) - 139 | Bmass 2.0TeV SU(2) doublet, k= 0.3 ATLAS-CONF-2021-018
[ ] n e W a n a S I S e C n I l I e S a r e VLUt — Zr/Hr mulfichannel  >1]  Yes 139 | ’mass 898 GeV' SU(2) doublet ATLAS-CONF-2022-044
[ Excited quark g" - qg - 2j - 139 | mass 6.7 TeV only u* and o', A = m(q") 1910.08447
L S Excited quark g* - gy 1y 1j - 36.7 | q* mass 5.3TeV only u' and d', A = m(q") 1709.10440
sx £ Excited quark b* — bg - 1b1j - 139 | b* mass. 3.2 TeV 1910.0447
Wi @ FExcited lepton £* 3epu - - 203 A=30TeV 1411.2921
e V e O e *=| Excited lepton »* 3eput - - 20.3 A=16TeV 1411.2921
Type Ill Seesaw 234epu >2j Yes 139 | N®mass 910 GeV 2202.02039
LRSM Majorana v 24 2j 361 | Ngmass 32TeV m(We) = 41TeV, g = gr 1809.11105
. Higgs triplet H** — W*W* 23,4 e, (SS) various  Yes 139 H** mass 350 GeV DY production 2101.11961
S Higgs triplet H** — (¢ 234eu(SS) - - 139 | H** mass 1.08 TeV. DY production ATLAS-CONF-2022-010
3 Higgs triplet H** — ¢ 3eut - - 20.3 DY production, B(Hy* — (r) =1 1411.2921
[ e Multi-charged particles - - - 139 | muti-charged particle mass 1.59 TeV DY production, |ql = 5e ATLAS-CONF-2022-034
X W Magnetic monopoles - — — 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
— ol A e e e
artial data -1
P full data 10 1 10 Mass scale [TeV]

* Run 3 is ongoing!

*Only a selection of the available mass limits on new states or phenomena is shown.

tSmall-radius (large-radius) jets are denoted by the letter j (J).

Monica Verducci- University and INFN Pisa
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New Resonance Y — XH—qqb!

Distributions of the Jy candidate Dy, score in data after
preselection requirement. Requiring Dy, > 2.44 defines a
working point that is 60% efficient for the selection of the
boosted H — bb topology across the full pr range.

Phiggs Px = probability of
ln . b . . . d b
Jiop * Prop + (1- ftop) * Prultijet eing originatea by
top, Higgs or
NN weight multileptons

Normalized to Unity

Monica Verducci- University and INFN Pisa
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Normalized to Unity

New Resonance Y —

04 T T T T T T T T T T T T T T T T T T 2 024F T T T T T T T T T T
0.22F [oas ATLAS o 5§ (of [Joma ATLAS 3 Distributions of the Jy candidate
E — Y—XH (m, =2000GeV,m =300GeV) |s=13TeV, 139fb™" 3 o - DarkJets Vs=13TeV, 139 fb™" 3 f
0.2E" — y-xt (m, = 3400 GeV, m, = 110 GeV) 3 5 02F Tm=sooce 4 Anomaly Score (S,) in data after
0.18F — Y—XH (m, =5000 GeV, m_= 2500 GeV) 3 © 0.18F _?"‘i‘i}’ggzqq\‘; 200 GeV, m. =400 GeV) — )
0.16F 15 06F Ll ° 3 preselec.’uon. |
0.14F- E - T 3 A selection Sa > 0.5 applied to Jx
0.12F = 0.12F S ) .
o1 E o1 IE defines the anomaly analysis
0.08F- = 0.08F | 4 category
0.06F- - 0.06F- I
0.04F 3 0.04F- 3
0.02F 3 0.02F- 1 3
0:1 bl l - l T e s Lo e S W T e s i N NN I 11 I | - l 11 1 Ll l: 0:1 - l - I - I A L1 I L1 | I 1l Ll l:
21720806 0402 0 02 04 06 08 1 217208 -06 0402 0 02 04 06 08 1
Jy, Anomaly Score J,, Anomaly Score

Input consists solely of jets from data, no labeling scheme is used in training, distinguishing this
method of unsupervised learning from traditional supervised machine learning, where the input is
labeled in signal or background categories.
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X-Tagging

* Sensitivity over the dominant
multijet background is enhanced applying a selection Duk< 1.2,
by additional machine-learning where Dwis the same as D2but
applications, namely a NN-based computed using only tracks
H — bb tagger and a DNN-based  associated with the jet.
reweighting to ensure good
modeling

— Y—XH (m_ =2000GeV,m =300 GeV) |5 =13 TeV, 139 fb"

Y—=XH (mv = 3400 GeV, m, = 110 GeV)
— Y—XH (m_ = 5000 GeV, m, = 2500 GeV)

The merged region is defined by

Normalized to Unity

X/H Candidate Large-R Jet Selection

min(Dy; (J _‘/‘ )) max(Dy;; (J _./“Il

H-Tagging & Background Estimation

........... Dy, 4
--------- >
...........
Ls81 SR HSB1
-----------
: Two-prong (merged) 1= =
GO%WP
"""""" (=2.44)
il it e . LSBO CRO HSBO
Two-prong (resolved)i= = = = = = = = <p
- ’
........... 2 4
= 50 75 145 200

my, (GeV)
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Buanunter

Events

Data / Bkg.

10°

ATLAS

s =13 TeV, 139 fb”' ek
Two-Prong (Merged) SR 9-
284.5 GeV <m, <322.5GeV ~ Uncertainty

$Data

Events
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g2HDM

Variable

DNN¢ | DNNSB

Number of jets (Njets)
Sum of pseudo-continuous b-tagging scores of jets

Pseudo-continuous b-tagging score of 1st, 2nd, 3rd leading jet in pr

Sum of pr of the jets and leptons (Hrjess, Hr,1ep)
Angular distance of leptons (sum in the case of 3¢ and 4¢)
Missing transverse energy

Leading transverse momentum of jet

Invariant mass of leading lepton and missing transverse energy

Di/tri/quad-lepton type variable (associated to the number of electrons/muons in event) -

SSSNSNAN
SSSNNSNSNSKNASNS

a 10° T T T T T T T T T T T T T T T T
§ ATLAS Preliminary @ Data [CIsignal sstt [l signal ttq
iT| Vs =13 TeV, 139 fb™ W signal ttt W signal titq Ml Signal tttt
g2HDM [ Four top Ctiw ttH
10*F Post-Fit Dtizn) [Otiy*(low mass) [l Diboson
OHFu [ HFel [ Mat Conv
W Fakes Jamisip [Jother
7/, Uncertainty - - Pre-Fit Bkgd.
| | | | | | | | | | | | | | | |
g 1 " '
o
a 15¢ E
s 1| SR S R SOV SLECLEUBPORRY YR IS - :‘-;#;‘J—' .. .’W
a
0.5F 3
0

25g ¥ss ss Uss. Uss sg. ¥ss, ¥ss. ¥ss, ¥sg . . c 3 c 3y
- N < ATy ~CA
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VLT

2¢CRI1 | 2¢CR2 | 2¢CR3 | 2¢VR1 | 2¢VR2 | 2¢SR
1 pair of OS-SF leptons with |m () — mz| < 10 GeV
Preseloction pr (£0) > 200 GeV, Hy > 300 GeV
> 1 vRC jet
Ht + E%ﬁss < Meeyg
: forward jets > 1 0 0 > 1 0 > 1
* Selection o)

. . -tagged jets 0 > 1 0 0 > 1 > 1
Cr|ter|a fOI’ the top-tagged jets - - > 1 > 1 > 1 > 1
d|ﬂ:e rent SR top-vetoed jets > 1 > 1 - - - -
and CR, VR

| 3tVV | 3¢(Mixed | 36ttX | 3(VR | 3¢SR
Preselection . >3 leptons
> 1 pair of OS-SF leptons with |m(¢£) —mz| < 10 GeV
b-tagged jets 0 | >2 > 1 > 1
forward jets - 0 0 > 1 > 1
. ) Ap(Z,t3) < 5 OR | A¢(Z,t3) > 7 AND
A¢ selections AP(Z,63) <2.6 | A¢p(Z,063) < 2.6 AB(Z. bieag) < 2 A(Z, breag) > =
max(prt(£)) > 200 GeV
other selections - - - - pr(€€) > 300 GeV
Ht - n(jets) < 6 TeV
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ATLAS Preliminary
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W*W- — evpuv

Pre-Selection
Two Different Flavour, Opposite Sign Leptons, pé > 25 GeV
Third lepton veto, p% > 15 GeV

Common Selection
* Event Selection s =0
Mee > 55 GeV

pil®d > 45 Gev
p;,sublead > 30GeV
max(m') > 50 GeV

SCyqgr SCvBF1I SCvsray
Inclusive in Nje but excluding Njet = 1 and || > 2.4, Njet > 2and mj; > 500 GeV,
SCvgr1y and SCygray min(|An¢|) > 1.75 |Ay;jl >4

Pre-Selection

Two Different Flavour, Opposite Sign Leptons, pg > 25 GeV
Third lepton veto, p%. > 15 GeV

WW CRggF TOp CRggF WW CRVBFI J TOp CRVBF

Nb—tag =0 Nb—tag =1 Nb—tag =0 Nb—tag >1

|Anee| > 1.8 |Anee| < 1.8 (|Ance| > 1.8 or |Anee| < 1.8

mee > 55 GeV 10 GeV < mygpe < 55 GCV) mee > 55 GeV
piled > 45 Gev - p&®d > 45 Gev
p;,sublead > 30 GeV _ p;,sublead > 30 GeV
max(m}) > 50 GeV - max(m}’) > 50 GeV
METSigRatio > 0.8 GeV~! - -
Excluding VBF1/2] phase space VBF1J phase space VBF1/2] phase space

Table 3: Summary of all the selections used in the ggF and VBF WW and top-quark control regions.
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Systematics

ggF Production

VBF Production

Systematic Source Impact (%) Systematic Source Impact (%)
myg = 300 GeV
Flavour tagging: b-jets 11 WW QCD Scale 14
WW QCD Scale 10 Wt Shower 12
JES: b-jets 9 Wt Matrix Element 10
Floating Normalizations: WW 8.77 JES: Pile-up p Offset 7.97
Data stat. uncertainty 9 Data stat. uncertainty 16
Total Syst. uncertainty 33 Total Syst. uncertainty 40
mg = 1000 GeV
WW Shower: Recoil 6 WW Scale 4
e fake factor stat. uncertainty 5 Wt Shower 3.4
Wt Interference 5 WW Shower: CKKW 3.4
WW QCD Scale 4  tt Final-state Rad. 2.9
Data stat. uncertainty 17 Data stat. uncertainty 25
Total Syst. uncertainty 20 Total Syst. uncertainty 10
myg = 3000 GeV
WW Shower: Recoil 20 WW Scale: QSF 7
WW Scale: QSF 19 WW Shower: Recoil 6
WW Shower: CKKW 16 WW Shower: CKKW 5
Wt Interference 7 Floating Normalizations: WW 1
Data stat. uncertainty 22 Data stat. uncertainty 18
Total Syst. uncertainty 21 Total Syst. uncertainty 15

Monica Verducci- University and INFN Pisa
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Preliminary

[[JLHC Delivered
[JATLAS Recorded
Good for Physics

Delivered: 156 fb™
Recorded: 147 fb™
Physics: 139 b
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Total Integrated Luminosity [fb™]

un3

(DFD-V in P5), potentially severe impact on forward physics programrr
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