2 TRIUMF ) @)

SEARCHES FOR NEW HEAVY PARTICLES
USING THE ATLAS DETECTOR

Dilia Maria PORTILLO

on behalf of the ATLAS Collaboration

Kruger 2022




Beyond the Standard Model (BSM) physics

The Standard Model (SM) has been experimentally validated and proven to be impressively precise.
However, it cannot explain some of the important questions in physics:

Dark Matter (DM)? Neutrino masses?

Matter/antimatter asymmetry?
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Several BSM models extends the SM by infroducing new symmetries and particles/fields.

Some of the most popular in BSM searches at LHC:
Minimal Supersymmetric Standard Model (MSSM) solution to “hierarchy problem™ and has DM candidate
Two Higags Doublet Models (2HDM) extend beyond the SM Higgs sector to include two complex Higgs
Doublets (subset of MSSM, could intfroduce baryon asymmetry or a DM candidate or neutrino masses)
Heavy Vector Triplet model: Simplified model used to capture the phenomenology of a new resonance
Radion model that includes Kaluza-Klein gauge bosons

Effective Field Theory (EFT): Contact interactions for a more model-independent description
Simplified Models for DM: Usually adding a massive mediator (e.g. Z’)
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https://cerncourier.com/a/understanding-naturalness/
http://arxiv.org/abs/1106.0034
https://arxiv.org/pdf/1402.4431.pdf

LHC operation and ATLAS detector

@ General purpose detector with 41 coverage at LHC
©Run?2 pp collision data-set, Vs= 13 TeV.
©~140 fb-1 used for this talk
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@SM is successful for particle collisions
@Discrepancies may indicate new physics = new particles/fields
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https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/PublicPlots/2018/DataSummary/figs/intlumivstimeRun2DQall.png

How to search for new particle at LHC?

Theory Models Signal Interpretation | ° y .
small-R je large-R jet
l — g¢ !
g 4
Reconstruct Objects E.g. Jets have different %
reconstruction techniques!

Selection »p,
\ 4

Signhal Region definition

* W/Z/H and b-jets use tagging techniques
* Define discriminating variable:

Select events with “X" e Invariant Mass
Veto other activity * Neural Network
Strategy ¢
Background Estimation i
Data

Useful to define Monte

Driven
other regions (CR) Carlo ...ﬁ.ﬁ.

Results l
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Limits for BSM searches

ATL-PHYS-PUB-2022-034

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

Status: July 2022 fL dt = (36 — 139) b1 \/_ =8,13TeV
miss ] - -

Model £y Jetst ET™ [rdim™] Limit Reference
ADD Gk +g/q Oe 7y 1-4j Yes 139 n=2 2102.10874
ADD non-resonant yy 2y - - 36.7 HLZ NLO 1707.04147
ADD QBH - 2] - 139 1910.08447
ADD BH multijet - >3] - 3.6 Mp = 3 TeV, rot BH 1512.02586
RS1 Gkk — vy 2y - - 139 0.1 2102.13405
Bulk RS Gkx — WW/ZZ multi-channel 36.1 1808.02380
Bulk RS Gxkx — WV — lvqq 1ep 2j/1J  Yes 139 ‘M, 2004.14636
Bulk RS gkk — tt Te,u  >1b,>1J/2] Yes 36.1 3.8 TeV rim= 15% 1804.10823
2UED / RPP lepu 22b23) Yes  36.1 Tier (1,1), BAMY - tr) =1 1803.09678
SSM Z’ — tt 2ep - - 139 1903.06248
SSM Z’ - 1t 27 - - 36.1 1709.07242
Leptophobic Z’ — bb - 2b - 36.1 1805.09299
Leptophobic Z* — tt Oeu >1b>2J Yes 139 r/m=12% 2005.05138
SSM W’ — ¢y leu - Yes 139 1906.05609
SSM W’ — 7v 17 - Yes 139 ATLAS-CONF-2021-025
SSM W’ - tb - 21b,>1J - 139 ATLAS-CONF-2021-043
HVT W' - WZ — fvggmodel B 1e,u 2j/1J  Yes 139 gv =3 2004.14636
HVT W — WZ — ¢v €'t model C 3 e, 2j(VBF)  Yes 139 gven=1,g=0 ATLAS-CONF-2022-005
HVT W' — WH — (vbbmodelB  1e,u  12b1-0j Yes 139 av = 2207.00230
HVT Z’ — ZH — ¢¢/vvbb model B 0, 2 e 12b1-0j Yes 139 gv =3 2207.00230
LRSM Wg — uNg 2y 1J - 80 m(Ng) = 0.5TeV, g = gr 190412679
Clqqqq - 2j - 37.0 21.8TeV 7, 1703.09127
Clttqq 2ep - - 139 [m 2006.12946
Cl eebs 2e 1b - 139 2105.13847
Cl pytbs 2p 1b - 139 8 2105.13847
Cl tttt >1epu 1b,>1j Yes 361 2.57 TeV. 1Cael = 47 1811.02305
Axial-vector med. (Dirac DM) Oepu,1y 1-4j Yes 139 84=0.25, g=1, m(x)=1 GeV 2102.10874
Pseudo-scalar med. (Dirac DM) O e,u, 7,y  1-4]j Yes 139 g¥_1 m(x)=1 GeV 2102.10874
Vector med. Z’-2HDM (Dirac DM) O e, i 2b Yes 139 tai 7=0.8, m(x)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 tang=1, gY =1, m()() 10 GeV ATLAS-CONF-2021-036
Scalar LQ 1t gen 2e >2j Yes 139 B=1 2006.05872
Scalar LQ 2™ gen 2u >2] Yes 139 B=1 2006.05872
Scalar LQ 3 gen 17 2b Yes 139 ﬁ(LQ - br) =1 2108.07665
Scalar LQ 3 gen Oepu >2j,>2b Yes 139 2004.14060
Scalar LQ 3" gen >2eu,21721),>1b - 139 2101.11582
Scalar LQ 3" gen Oe, u, 217 0-2),2b Yes 139 4 2101.12527
Vector LQ 3" gen 2b Yes 139 B(LQY - br) = 0.5, Y-M coupl. 2108.07665
VIQTT - Zt + X 2e/2u/>3epu 21b,21) - 139 SU(2) doublet ATLAS-CONF-2021-024
VLQ BB —» Wt/Zb+ X multi-channel 36.1 1.34TeV SU(2) doublet 1808.02343
VLQ Ts/3Ts/3|Ts3 » W+ X 2(SS)/>3 e >1 b, Yes  36.1 1.64 TeV B(Tays > W)= 1, (Tojs W)= 1 1807.11883
VLQ T - Ht/Zt lepu >1b, Yes 139 SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
VLQ Y - Wh leu 21b, Yes  36.1 1.85 TeV. B(Y = Wb)=1, cg(Wb)= 1 1812.07343
VLQ B - Hb Oep >2b > - 139 SU(2) doublet, kg=0.3 ATLAS-CONF-2021-018
VLL 7" — Z7/Ht multi-channel > Yes 139 SU(2) doublet ATLAS-CONF-2022-044
Excited quark g* — qg - 2j - 139 only u” and d", A = m(q") 1910.08447
Excited quark g* — qy 1y 1j - 36.7 only u” and d*, A = m(q") 1709.10440
Excited quark b* — bg - 1b, 1] - 139 1910.0447
Excited lepton £* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* Beput - - 20.3 A=1.6TeV 1411.2921
Type Il Seesaw 234epu >2j Yes 139 2202.02039
LRSM Majorana v 2pu 2j - 36.1 m(Wg) =4.1TeV, g1 = gr 1809.11105
Higgs triplet H** - W*W=* 234 e, (SS) various  Yes 139 DY production 2101.11961
Higgs triplet H** — ¢¢ 23,4 e,u (SS) - - 139 DY production ATLAS-CONF-2022-010
Higgs triplet H** — (1 3eput - - 20.3 DY production, B(Hj* — () =1 1411.2921
Multi-charged particles - - - 139 DY production, |q| = 5 ATLAS-CONF-2022-034
Magnetic monopoles — — — 34.4 monopole mass 237 TeV DY production, |g| = 1gp, spin 1/2 1905.10130

ﬁ e S P i e
artial data -1
B 10 1 10 Mass scale [TeV]

*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).

©~100 decay channels studied for various models that predict certain production rate (extra dimensions,
gauge bosons, contact interactions, dark matter, heavy quarks, excited fermions, leptoquarks, etc.)

@Commonly excluded masses ~0.4 - 12 TeV

@Limits for SUSY searches here: ATL-PHYS-PUB-2022-013 (and in bonus slides)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/fig_26.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-034

Some of the latest results

Using full Run 2 date-set!

@Search for heavy resonances decaying into a Z or W and a Higgs July 2022
boson in final states with leptons ArXiv 2207.00230
®Combination of searches for heavy resonances May, 2022
ATLAS-CONF-2022-028
@®Summary for beyond Standard Model Higgs boson benchmarks Sep. 2022
ATL-PHYS-PUB-2022-043
®Search for heavy Higgs bosons decaying into vector bosons in same- Nov. 2022
sign two-lepton final states ArXiv 2211.02617
®Search for new phenomena in multi-body invariant masses in events Nov. 2022
with at least one lepton and two jets ArXiv. 2211.08945
@®Search for SUSY in final states with missing transverse momentum and Nov. 2022
three or more b-jets ArXiv 2211.08028

In the bonus slides:

@Search for heavy resonances in the decay channel WW—evuv ATLAS-CONF-2022-064 'NOV. 2022
@®Search for resonant WZ—£ve'e' production ArXiv 2207.03925  Sep 2022
@®Search for Higgs boson pair production in association with a vector boson  Arxiv 2210.05415  July, 2022

®Search for heavy flavour-violating Higgs bosons in multilepton plus b-jets 51 As.coNF-2022-039 JYNe: 2022
final state
®Search for type-lll seesaw heavy leptons in leptonic final states ArXiv 2202.02039  June, 2022

oo

More papers and conference notes to be found in ATLAS publications page for Exotics: EXOT, Higgs/Diboson

searches: HDBS, and Supersymmetry: SUSY
D. Portillo
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://arxiv.org/abs/2207.00230
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-043/
https://arxiv.org/abs/2211.02617
https://arxiv.org/abs/2211.08945
https://arxiv.org/pdf/2211.08028.pdf
https://arxiv.org/abs/2207.03925
https://arxiv.org/abs/2210.05415
https://cds.cern.ch/record/2815674/files/ATLAS-CONF-2022-039.pdf
https://arxiv.org/abs/2202.02039
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-066/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-028/

AJV"— Zh(— bb): Search for heavy resonances decaying into a Z
or W and a Higgs boson in final states with leptons Arxiv2207.00230

@Search for new resonances decaying into Z or W and a SM Higgs boson
Svubb, £¢bb, £ubb final states bbA b ggA b
Theory Models

@Heavy CP-odd scalar boson A from a
generic two Higgs Doublet Model (2HDM)
@7’ or W’ from Heavy Vector Triplet (HVT)

=l

Selection

@Events with exactly 0, 1 or 2 charged
leptons are selected with E;™ or a
combination of single-lepton triggers

HVT

- ———— e ———
8 F ATLAS Simulation —e— All signal regions b — = g
3 r 1 b-tag, resolved 7 strqtegy WY,
2 | Vs=13TeV, 139fb" - ; _|
© 0'8_ OL channel, HVTZ—>zh == 2 b-tags, resolved ]
:, - —=— 1 b-tag, merged 4 > -
§ = - 2 b-tags, merged . . . L. . . 3 ATLAS ;
g 08 n @Main discriminant: invariant 2 e
Q o .
g I i or transverse mass i 1btag, resolved
0.4~ ] distributions of Zh or Wh
C candidates
0.2—
0;' o A R e~ S S L o o T
1000 2000 3000 4000 5000

@Higgs (bb) is reconstructed either as
two small-R jets (resolved category)
or as a single large-R jet (merged
category)

Data/Pred.
o
[e0]
T
I

300 400 500 1000 2060
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https://arxiv.org/abs/2207.00230
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.115013

AJV"— Zh(— bb): Search for heavy resonances decaying into a Z
or W and a Higgs boson in final states with leptons Arxiv2207.00230

Results: Upper limit in cross-section Resul’rS' Exclusion in HVT parameter space
w [T T | L L T | T
N —— o F ST 77 =
g = ATLAS ' ""95% CL limit 3 o 0.8 ATLAS P I o ]
= i (s=13TeV, 139" —— Observed limit . S 06 _»/— =13TeV, 1;39 ftx I =
N 10 = 7 combined (OL+2L) limit ------- Expected limit E 3 FZ—zh /i A B
VT i \ [ Expected +1 s.d. 3 g 0.4F J/ P I -
N 1k '\ 7' HVT [ Expected i2s.d. - o F__—- | | _ ~ 40Tel—
T — - HVTModel A,g =1 3 E 021783 ... | 30Tev
g \ — — HVT Model B,g =3 ] ke co T L T A
S107 . N - Expected limit (OL) 3 o- _ _ ____ -
E _____ Expected limit (ZL) E _0 2 :_ ......................... \l f ........................... =
10*22— _____ —E ':_—§\\ I I : //——‘_'_:'
B NS EERRER b 0.4 \\ AG.=1] { l/ =
10° - . :’ :
: 0.6 yf I I -
10 & N ST 08F &> 5% L | l Obs |Il’ﬂllS at 95% CL 7
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 I s P IO ST T R
m,. [GeV] e 0 1 2 3
Higgs and vector boson coupling 9,
= L LS L B B B UL LN B
[oR 0, imi . . .
IO - Lt RV 95% CL limit Results: Exclusion in 2HDM parameter space
g 10 N Y .. ——— Observed limit
ggA combInEd (0L+2L) Ilmlt . . —_ TTTTTTTITT ‘ TTTTTTTTT ‘ TTTTTTTTT ‘ TTTTTTTTT
J: ST Expected limit 2 | ATLAS A > Zhh —bbm,=700GeV |
N 10 Y ggA [ Expected +1 s.d. S 2HDM Type |
o 4 [ ] Expected +2 s.d. 102 F (5= 13Tey MHt1sd  — Exp9s%CLiimit]
k) 1 ’\,\ . r 4 +2s.d. [] Excluded ]
© N e Expected limit (OL) v r 139fb I \/m, > 20% ]
, - 1
1o Expected limit (2L) tanﬁ =1 r ]
(%) L
1072 i ]

10° £

oo e by by b by b by by
400 , 600 800 1000 1200 1400 1600 1800 2000
T m, [GeV]

@Largest deviation is found in the 7' and ggA
searches for a mass of 500 GeV with a
local (global) significance of 2.1 o (1.1 o)

///
l/’f/él/\[\l\\\\\l\_

0.5 1
cos (B-a) 8
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https://arxiv.org/abs/2207.00230

Combination of searches for heavy resonances
ATLAS-CONEF-2022-028

Direct searches for new heavy resonances are a staple of the LHC physics program
Combine 13 ATLAS publications during 2018 - 2022!

Final states:
VV: WZ —qqqq, vvqq, tvgq, qq, V8, WW — qgqqq,
VH: WH — qqbb, tvbb, ZH — vvbb, #{bb
Leptonic ¥, fv, 7v
Analyses generally search for narrow-width resonances in the final-state mass distribution

Theory Models
Spin-1 mass-degenerate Heavy Vector Triplet model (HVT) | ]
Leads to W'+, and Z’, collectively denoted V'
Model A: Weakly-coupled model, couplings gH = —-0.56, gf = -0.55
model B: Strongly-coupled model, couplings gH = -2.9, gf = 0.14

Selection )
‘ Analysis | leptons  E7,. .. jets b-tags Discr. | = = ATLAS Preliminary ; wz .
© 10 Vs=13TeV, 139"  WZ o vaq =
WWIWZ — qqqq 0 Veto >2] - myy 3 8 Wz wag 3
WZ — vvqq 0 Yes >1J 0 myy - Combd IV THodel A
WZ — tvqq le, 1u Yes >2j,>1] 0,1,2 myy 3 3
WZ — ¢lqq 2e,2u - >2j, >1] 0 myy - .
WZ — vt 3c(e,u) Yes - 0 myvy
WH — qqbb 0 Veto >2] 1,2 myg
ZH — vvbb 0 Yes >25,>21J 1,2 mypy
WH — {vbb le, 1u Yes >25,>21] 1,2 myg
ZH — ttbb 2e,2u Veto 2>2j,>21] 1,2 mypgy
ty le, 1u Yes - - mr m(V’) [TeV]
TV 1T Yes - - mr Typical example of p-value scan over
144 >2e, 22u - - - mee the HVT pole masses up to 5 TeV 9
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-028/
https://arxiv.org/abs/1906.08589
https://arxiv.org/abs/2004.14636
https://arxiv.org/abs/2004.14636
https://arxiv.org/abs/2004.14636
https://cds.cern.ch/record/2803929
https://arxiv.org/abs/1906.08589
https://arxiv.org/abs/2007.05293
https://cds.cern.ch/record/2773302
https://cds.cern.ch/record/2728053
https://arxiv.org/abs/1903.06248
https://arxiv.org/abs/1906.05609
https://cds.cern.ch/record/2773301
https://arxiv.org/abs/1402.4431

Combination of searches for heavy resonances

ATLAS-CONF-2022-028

Results interpreted in terms of exclusions limits on masses and coupling constants
Weakly coupled HVT Model A

o(pp — V') [fb]

o(pp — V') [fb]

Emaman e T T A —
10% & ATLAS Preliminary g°"'::":::' =
E Vs=13 TeV, 139" - E::‘ect:d le.l’t (+10) E
104|=_ [ Expected Limit (+ 20)
E ——— HVT Model A
% - VV4+VH Exp
103Er ——— l+v+7v Exp -
10°E E
10
e
107" Vo W+ VH+ I+ v +v
N I NN PR IR RS R
0 1 2 3 4 5 6

m(V’) [TeV]

Strongly coupled HVT Model B

—
2

10*

2 3 3

1

10" VS W+ VH+1I
PRI |

T T T T T T
ATLAS Preliminary Combined Obs

Vs=13 TeV, 139fb!

------ Combined Exp
[ Expected Limit (+ 16)
[ Expected Limit (+ 20)
o ——— HVT Model B

: JE— VV4+VH Exp
———— ll+lvav Exp

+Iv +1v
M P B T B

0

1T 2 3 4 5 6
m(V’) [TeV]

Exclusions for 3 TeV pole mass

I+l +zv (Obs, 3.0 TeV)

VV4+VH (Obs, 3.0 TeV)

VV+VH+ll+lv+tv (Obs, 3.0 TeV)

..... Il+lv+2v (Exp, 3.0 TeV) =u=a= VV4VH (Exp, 3.0 TeV) ===== VV+VHell+lv+tv (Exp, 3.0 TeV)

- 1 /M > 5% [ EW fits 3 TeV
(@)

0.8 [ NI BT

06 ----------------------------

04f * VV+VH

028 e LL+Lv+TV
{gH’ gf} 0 — ¢ VV+VH+

LL+Lv+TV

—— lltlv+1v (Obs, 3.0 TeV)
----- I+l 4TV (Exp, 3.0 TeV) ===== VV4+VH (Exp, 3.0 TeV) = === VWVHulllv+tv (Exp, 3.0 TeV)

VVA4VH (Obs, 3.0 TeV) e VV4VH4lltlv+7v (Obs, 3.0 TeV)

/M > 5% I EW fits 3 TeV

Constraints from
EWK
measurements

0.8

-08 -06 -04 -02 0 02 04 06

1

Combined results strengthen the constraints on BSM physics and allow expressions of %

constraints in terms of couplings to quarks, leptons and fermions

10
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-028/

Summary for beyond Standard Model Higgs boson benchmarks

ATL-PHYS-PUB-2022-043

@Benchmark scenario for the Minimal Supersymmetric Standard Model (MSSM) Higgs sector.

September 2022
& 60 [ gg/bb H/A, H/A — 1t
c , 139 fo'!
S 40 ':' - Phys. Rev. Lett. 125 (2020) 051801
30 . /A [ tlo) H, H > v, 36.1 fb”
T 'l JHEP 09 (2018) 139
~. : K [ b(b) H/A, HA — bb
20 === : o — 278 o™
: o Phys. Rev. D 102 (2020) 032004
' o 0 H>2Z 5 4ivy, 139 o
g '/ Eur. Phys. J. C 81 (2021) 332
10 — ' Pt —] A — Zh, h - bb, 139 fb”
B E Pt - 4 arXiv:220:§0230 1
- — [ t(b) H', H' — tb, 139 fo
ATLAS Preliminary JHEP 06 (2021) 145 Updatfed
5 hMSSM, 95% CL limits ~ —| T H — WW — iviv, 36.1 fo”
_ Eur. Phys. J. C 78 (2018) 24
4 Run2, Vs = 13 TeV @ H — hh — 4b/bbyy/bbrr
3 — Observed - 126 - 139 f”
R Expected ATLAS-CONF-2021-052
2 —| === h couplings [, ¥, k]
36.1-79.8fb"
Phys. Rev. D 101 (2020) 012002
[ ttH/A, H/A —tt, 139 fb Newly added
1 3 1 | ATLAS-CONF-2022-008
200 300 400 1000 2000
m, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-043/
https://cds.cern.ch/record/2039911

Summary for beyond Standard Model Higgs boson benchmarks

ATL-PHYS-PUB-2022-043

@ Benchmark scenario of type-l 2HDM
®assumptions: my = my = my., m, = 125 GeV, m%, = m; sin  cos
@ Assume a narrow width (< 5%) Higgs boson.

20.0 September 2022 « 60 Septgmperl20?2 -
o <VU. ' ' ' i
§ ATLAS Preliminary v/s =13 TeV, 126-139 o1 § ATLAS Preliminary v/s=13 TeV, 126-139 fo~ 1
17.5}F 95% CL limits, cos(B—a)=+0.1, type-l 2HDM | s 95% CL limits, cos(B—a)=-0.1, type-l 2HDM
77734 H width > 5% H — hh H width > 5% H— hh 1
1 5.0 ATLAS-CONF-2021-052 7 ATLAS-CONF-2021-052 /j
=3 Obs. 40 Obs. 7
F
-——- Exp. ---- Exp. ]
125 = 7
AH— 11 AH— 1t
PRL125(2020)051801 PRL125(2020)051801 /
10.0 [ Obs. . 30¢ [ Obs. 7‘
—— Exp. —-— Exp. y
7.5k A—Zh A—Zh Z
arXiv:2207.00230 20 arXiv:2207.00230 /_
Obs. A
.............. Exp. /
10t /////////
--—— 1 AR A - 7
0.5 . / ’7/"‘?11 4 0.5 _ - AV v 4 ?/-—/ 7
251 400 600 800 1000 1200 251 400 600 800 1000 1200
my [GeV] my [GeV]
cos(f—a) = +0.1 cos(f—a) =-0.1
12
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-043/

Search for new phenomena in multi-body invariant masses in

& events with at least one lepton and two jets aniv.2211.08945
Final state signature sensitive to new particles that are 7 SSM ! ; Radion model %z:g
Produced in association with a W/Z boson ' p ¢ .

Decays to produce a W/Z boson or lepton along with
another particle that decays to two jets

Ve/ Vi

Searches jjt, jjCt, jbC and bbfchannels
Composite lepton model
Z/h

Theory Models

Sequential Standard Model, SSM
Includes new heavy gauge bosons W' and 7’
Simplified dark matter model with a 7' mediator

q
Radion model that includes Kaluza-Klein gauge bosons coupling to a radion that decays to gluong

Composite lepton model contains two composite SU(2) fermion doublets that mix to create a new vector
boson (Z') and lepton (E)

Results

Strategy ATLAS £ ATLAS
e Data 10 e Data

_ -1 -1
Ys=13TeV, 139 fb Background fit Vs=13TeV, 1390 Background fit
%2/ ndf = 1.46 x2/ndf =0.74

Events
Events

Search for an observable .
excess of events in mulfi-
body invariant masses 10°
(mj;p, Mjipp) ON @ smooth,
decreasing fitted
background.

2j+7¢

Significance
o
gnificance

5E p-value = 0.06 P ’ 5 i ) p-value = 0.69

4x10™ 1 2 3 4 5 6 7 8 910D 4x10" 1 2 3 4 5 6 7 8910
my, [TeV] Mz [Te VJ]
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https://arxiv.org/abs/2211.08945
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Search for new phenomena in multi-body invariant masses in
events with at least one lepton and two jets Aniv.2211.08945

Results: Limits
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@ Able to exclude SSM up to ~2.5 TeV, unable to exclude simplified
DM model, and no clear exclusion limit for Radion models

©Able to exclude 7' at ~1.3 TeV for mE = 250 and 500 GeV on

composite lepton model
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WH(—WW): Search for heavy Higgs bosons decaying into vector

& bosons in same-sign two-lepton final states Anxiv2211.02¢17
Theory Models

@No hint for CP even heavy Higgs from previous searches at LHC

@Search with higher dimensional operator: Dim-6 in EFT | ]

@Contains a heavy Higgs H
@Free parameters: Anomalous couplings to vector bosons (fw, fww) and mH
Selection

@Considering associated production of heavy scalar (H) with W
@Two same-sign leptons in boosted (+W tagger) and resolved categories

tvoN
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& F|n0| Observc ble. 10% ....p fw P fww [ Photon conversion R fW P fww =3 Photon conversion
E 7- =12.4TeV® [ Charge-flip 10* A2 =12.4TeV? [y Charge-flip
= [ Other [ Other
102 =600 GeV, 103 =600 GeV,
. E ... f f
lepton jets miss E p“‘" -27Te v2pHWW 0 p—=27T v2 B
M - = + +E - 5 5
eff — pT p T 10 L

1 ———

107"
L 1 1 L Il 1

. 2F j . 2 l
8 1.5 B 15 ’
o 4E | 1 [ 4E e i +
5 By t : ET A A
8 0-5¢ E 8 05¢ E

of E of E

0 600 800 2000 0 300 400 500 600 1000

Mg [GeV] Mett [GeV] 15

Dilia Portillo


https://arxiv.org/abs/2211.02617
https://arxiv.org/abs/1905.05421

WH(—WW): Search for heavy Higgs bosons decaying into vector

& bosons in same-sign two-lepton final states 2xiv2211.02¢17
Results: Exclusion contours
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Search for SUSY in final states with missing transverse momentum

& and three or more b-jets ArXiv 2211.08028

Theory Model Gt 7
Search for stops, sbottoms and neutralinos in pair-produced  p
gluino events _

Lightest Stable Particle: y
Gtt/Gbb: Simplified models with off-shell stops and sbottoms

=0
= X1

=0
= X1

Strategy

Targeting final states with large amount of MET and many b-jets
Neural Network (NN) trained on four-vector inputs
NN defines the probability of an event to be a Gtt or a Gbb
Maximise model-dependent sensitivity to models

Gbb: 4 Signal Regions, 4 Control Regions (CRs) to constraint ttbar & 4 CR for Z+Jets

Gtt: 4 Signal Regions, 4 CRs to constraint ttbar

Control Regions (CRs) Signal Regions (SRs)
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2} {2 5
= : < i
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and three or more b-jets

Search for SUSY in final states with missing transverse momentum

ArXiv 2211.08028

£

Results: Exclusion limits
Gt
dg production, g — tf+2?, m(q) >> m(g) gg production, g — b5+z?, m(q) >> m(g)
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Gluinos with masses below 2.44 TeV (2.35 TeV) are excluded at 95% CL for massless neutralinos in the Gtt
(Gbb) models.
These limits represent a substantial increase in over previous ATLAS analysis!

A cut-and count analysis was also performed considering the processes where both gluinos can have
different decays in a event (Gtb) in combination of Gbb and Gtt processes. Exclusion limits for gluino

branching ratios to bk 70, 1y ,Cand 5y, 7, by

D. Portillo

18



https://arxiv.org/pdf/2211.08028.pdf

Conclusions

ATLAS continues exploring the energy frontier: Extensive program for searches for new heavy
particles!

No evidence yet but no shortage of models predicting exotic heavy particles

Strong constraints have been placed on the production of such new heavy particles and on
BSM parameter space.

More results with full Run 2 data are still being released.

Z — p'p” Candidate

Run 3 already started!

Opportunities at Run 3:
13TeV — 13.6 TeV CM energy
Increase in luminosity (x 2, statistics!)
Cutting edge analysis techniques

19
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Limits for SUSY searches

ATL-PHYS-PUB-2022-013

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

Dilia Portillo

March 2022 Vs=13TeV
Model Signature  [Ld:[b7'] Mass limit Reference
4. 47! Oep — 26jets ERS 139 1.85 m(?)<400 GoV 2010.14203
» monojet  1-3jets EP™ 139 | [8x Degen] 0.9 m(g)-m(¥})=5 GeV 2102.10874
o .
Y Oeu 26jets EPT 139 | # 23 m(7?)=0 GeV 2010.14293
S z Forbidden 1.15-1.95 m(})=1000 GeV 2010.14293
3 z 1epu 2-6 jets 139 | & 2.2 m(¥})<600 GeV 2101.01629
3 3 ee, it 2jets  EMS 139 | # 2.2 m(¥})<700 GeV CERN-EP-2022-014
B 73 goqqWZY) Oe.u 7-11jets Rt 139 | & 1.97 m(i?} <600 GeV 2008.06032
% SSeu 6 jets 139 |z 1.15 m(z)-m(¥1)=200 GeV 1909.08457
S g5 o) 0-1 e, 3b  EPS 798 |z 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 |2 1.25 m(g:)—m()?‘}):aoo GeV 1909.08457
biby Oep 2b EPsS 139 | By 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527
o biby, bi—b¥3 — bht) Oeu 6b  Ept 139 | Forbidden 0.23-1.35 1908.03122
<8 27 2h  EP™ 139 | B 0.13-0.85 2103.08189
o N
§§ i, itk Olen  =ljet EFS 139 |7 1.25 mEE)<1 GeV 2004.14060,2012.03799
c g Aih —wbt) teu Bjetsb EFS 139 |7 Forbidden | 0.65 m(¥})=500 GeV 2012.03799
S E fify, hi—71by, 111G 127 2jets/t b EP™ 139 7 Forbidden 14 2108.07665
= L A hockls e Oep 2c  Eptoget e 0.85 m()=0GeV 1805.01649
G Oeu mono-jet  Ep™ 139 |7 0.55 m(i ,E)—m(f/}):S GeV 2102.10874
iy, >, Xo—Z/hi) 1-2e,p 1-4b  EPS 139 | 0.067-1.18 m(¥3)=500 GeV 2006.05880
b, h—h +Z 3epu 1b EPs 139 | h Forbidden 0.86 m(¥)=360 GeV, m(7; )-m(¥})= 40 GeV 2006.05880
T viawz Multiple ¢/jets ) Eif“f 139 i‘/)?; 0.96 m(¥%)=0, wino-bino 2106.01676,2108.07586
ee, >1jet EP™ 139 | Xy /X, 0.205 m(¥F)-m(t})=5 GeV, wino-bino 1911.12606
YiX} viaww 2e,u EPss 139 | 0.42 m(¥})=0, wino-bino 1908.08215
XS via Wh Multiple ¢/jets EPSS 139 | ¥y Forbidden 1.06 m(#})=70 GeV, wino-bino 2004.10894, 2108.07586
= 'g XiXT viafy /v 2epu EPs 139 |y 1.0 m(Z,7)=0.5(m(¥})+m(¥))) 1908.08215
oL o) 27 Eps 439 |7 L R L) [NOHG0EI 0.12-0.39 m(E?)=0 1911.06660
S jrlig, I 2en Ojets  EPS 139 |7 0.7 mE)=0 1908.08215
ee, jupt >1jet  EP 139 1 0.256 m(?)-m(¥})=10 GeV 1911.12606
AH, A—hG/ZG Oep >3b Ei“’“ 36.1 )4 0.13-0.23 0.29-0.88 BR()?‘; — hG)=1 1806.04030
e 0jets Ez‘.‘f"‘ 139 | & 0.55 BR(Y} — Z 2103.11684
Oeu > 2large jets EF™ 139 )74 0.45-0.93 BR(Y| — ZG)= 2108.07586
Direct ¥ X prod., long-lived ¥ Disapp. trk 1 jet Ep's 139 )gz 0.66 Pure Wino 2201.02472
- X 0.21 Pure higgsino 2201.02472
12 N
g % Stable g R-hadron pixel dE/dx EP'S 139 F4 2.05 CERN-EP-2022-029
ST Metastable g R-hadron, F-qq¥) pixel dE/dx EpS 139 | & [7(3&) =10ns] 2.2 m(¥)=100 GeV CERN-EP-2022-029
S 8 -6 Displ. lep EPss 139 | & 0.7 @) = 2011.07812
~ . # 0.34 (0) 2011.07812
pixel dE/dx EP™S 139 # 0.36 7(f)=10ns CERN-EP-2022-029
TT IR KEsze—eee 3eu 139 Pure Wino 2011.10543
VG XS — wwjzecetry 4en Ojets  EP™ 139 1.55 m(¥})=200 GeV 2108.11684
32, 3-qa%, X0 > qqq 4-5 large jets 36.1 1.9 Large 4/, 1804.03568
S i) X o s Multiple 36.1 m(¥)=200 GeV, bino-like ATLAS-CONF-2018-003
& i, i=b¥7, X7 — bbs >db 139 Forbidden m(¥$)=500 GeV 2010.01015
hi, —=bs 2jets +2b 36.7 0.61 1710.07171
iy, i—qt 2epu 2b 36.1 0.4-1.45 BR(7 —be/bu)>20% 1710.05544
1p DV 136 1. BR(71 —>q)=100%, cosf,=1 2003.11956
TE ISR, 10 —>tbs, Xi —bbs 12eu  26jets 139 |9 0.2:0.32 Pure higgsino 2106.09609
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]
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Search for heavy resonances in the decay channel WW—evpv

@Search for the neutral heavy resonances, e.g. heavy CP even

ql
Higgs (ggF + VBF) and neutral GM Higgs (VBF) g Y W q . . W
Interpretations :D) N
g W* q , W
_ q _

@lnterpreted in 5 models

oGM
©2HDM .
OHVT Selection
©Radion in Randall-Sundrum model @3 signal categories (ggF. VBF+1jet, VBF+2jets)
@Spin-2 graviton
Strategy
e~ .. . . _ 144 >0f | 7 miss
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< T 1 g e — 1 < ET T T T T3
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Search for heavy resonances in the decay channel WW—evpv

95% CLs Limit on o(pp— Z') x BR(Z'— WW) [pb]

95% CLs Limit on o(pp— H) x BR(H— WW) [pb]
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95% CLs Limit on 6(pp— G*) x BR(G*«— WW) [pb]
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H*—>WZ—WI'l": Search for resonant WZ—{v{'l' production

ArXiv 2207.03925

Events /0.05

Data/Post-fit

»Search for a W Z resonance in the fully leptonic final state

Interpretation

Heavy vector triplet model HVT
Georg-Machacek (GM) fermiophobic charged

Drell-Yan

Vector Boson Fusion (VBF)

Dilia Portillo

+
Higgs boson from the fiveplet: (HI*, HS, HJ, Hs, H; ™) .
V4
Selection W
©2 signal regions: Drell-Yan and VBF ,
(©)
Strategy
VBF COTegory: NN is Odopfed Drell-Yan CCITegOI’y: Selected
to enhance signal using pT/m(WZ)
C % 600 T T T T T T T ] % C | L L L L L ]
10°= ATLAS ¢ Data ¢  ATLAS ] © L ATLAS ]
" s=13 TeV, 139 fb™! wzaco 3 - (s=13TeV, 1397 4  paa ] § o[ Vs =13TeV, 139 o' 4 Dpaa ]
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H*—>WZ—WI'l": Search for resonant WZ—{v{'l' production

ArXiv 2207.03925

310 lIIIIIIIIIllllllllIllllll""l""l""l""E
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VH(—hh): Search for Higgs boson pair production in association

with a vector boson

ArXiv:2210.05415

“Search for a neutral heavy CP-even scalar H-hh—bbbb in association with a vector boson (W/Z)

@ First analysis targeting Vhh final state.

Interpretation

@Two signal scenarios are considered:

1) Generic neutral CP-even scalar H
CP-odd scalar A decaying into Z

and a CP-even scalar H

Selection

@Three leptonic channels (OL, 1L, 2L)targeting vvbbbb,
lvbbbb, llbbbb final states

@lInvariant mass resolution improved by scaling the b-jet
momenta with the ratio of the measured di-b-jet mass

to 125 GeV.
@The relative mass resolution improves by a factor of ~3!

L L B L B B
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v — To leptons z— 1o leptons
g
h — bb » — bb
g
' — bb "h —bb

Strategy

@BDTs used as final discriminants tfrained

with

Significance

jets kinematic information in each SR
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VH(—hh): Search for Higgs boson pair production in association
with a vector boson

ArXiv:2210.05415

Results: V— VH(hh)

@Largest deviation:

©WH at 315 GeV: local (global)
significance 2.5 (1.3) o.
@1IH at 550 GeV: local (global)
significance 2.7 (1.3) o

Results: A— ZH(hh)

@Largest deviation
@ Narrow width A boson

—_
o
TTTT

—_
TTTT]

L e e I | [T T T T T

_ATLAS Prellmlnary =
1 — Observed 3
Ozzr-13Tev 139 fo! .-Ex;::tl:d ]
- WH—Whh M Expected t16 ]
L Expected 26 |

Lol

95% CL limit on o(WH)xB(H—shh—sbbbb) [fb]

@(mA, mH) = (800, 300) Local: 3.6 o Global: 1.6 o
@ Large-width (20%) A boson
@ (mA, mH) = (420, 320) Local: 3.8 o Global: 2.8 o

- ATLAS Preli
F Vs =13 TeV
F139 fo™!

L LW A boson
[ Expected

340F

m,, [GeV]

320F
300f

280F

260F

m, [GeV]
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95% CL limit on G(AjxB(A—ZH—Zhh—Zbbbb) [fb]
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340F
320f
3oof
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260F

- ATLAS Preli
FVs=13TeV
F139 fo!

L LW A boson
[ Observed

95% CL limit on 6(A)xB(A—ZH—-Zhh—Zbbbb) [fb]
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95% CL limit on 6(ZH)xB(H—shh—sbbbb) [fb]
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@Constraints in the 2HDM type-|

parameter space

ATLAS Preliminary /s = 13 TeV, 139 fb~!95% CL exclusion

A—ZH—Zhh, 2HDM type-I
my = 350 GeV, tanp=1.0

[0 Observed

i Expected

553 H Width > 1%

cos(B ) 27
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Search for heavy flavour-violating Higgs bosons in multilepton

Events

Data / Pred.

plus b-jets final states ATLAS-CONF-2022-039
Interpretation 1 \%‘3—’” b pra H _pé<q
General two Higgs doublet model (g2HDM) without Z2  SS Top H | M t
symmetry, featuring FCNH (Flavour Changing Neutral t 9

Higgs) couplings.
Couplings of H involving top-quark: ptt, ptc, and ptu.
. : . : 3-Top
First analysis to target BSM production leading to
three-top final states and the first to probe g2HDM.
Sensitive probe of new physics: same-sign (SS) top,

- - i Pt t
3-top, 4-top final states. 4-Top o __0< t
Strategy g t
NN trained to classify the Results
different signal channels
B RN pu/ Zipu= _
C = ! [l Signal Signal 7 imi = .
P VA PO — e ATLAS Frelmnary g ®Scan ptt, ptc, ptu couplings
F Four toj ttw H™ S .
jeof- 258+ +oATsst QU o 25 £ and heavy Higgs masses 200
140 SN — e mH = 1000 GeV 2 GeV <mH< 1000 GeV
120 i EMatConv  [JQMisID ] _ B
C T [JOther 7/ Uncertainty J ptt - 0.32 %
100F ---- Pre-Fit Bkgd. - 2
: E ptc = 0.05 o
ptu=0.85 Most significant deviation
observed at mH=1000 GeV
: with local significance of
o I I Aot 2.810 local
S e e B * @Results are also interpreted in
0.5F 3 : )
% 01 02 03 04 05 06 07 08 08 1 P! X ips=1 p,c/z,-po,,-=1 RPV SUSY model.
DNN® 28
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https://cds.cern.ch/record/2815674/files/ATLAS-CONF-2022-039.pdf

Search for type-III seesaw heavy leptons in leptonic final states

Interpretation
@At least one extra fermionic SU(2)L triplet predicted by the type-Illl seesaw mechanism:
@Pair production of new heavy charged (L*) and neutral (NO) lepton particles

Selection and sirategy

3¢ .
. miss
. . 3¢ _ = —=miss . . H E
@Three leptons in final state my” = |Z PritpPr @Four leptons in final state T+ Er
i
fﬂ:
Vas
7t
t’”:t t’:t
Results
S C ||lll||l||l|l|ll|lll|ll|||lll|| _]
= aTLAS gz Imizes,
%) T T T L — T T T R — S. [Imi + [$] |
£ 104 aTias P S Vs =13 TeV, 139 o' --- Exp. limit2 + 3 + 2 lep
=13 TeV, 139" N\ Total SM | Diboson = . —_— limi
@ g0 T R — 8 107 Limits at 95% CL = %t();. it 2 o2 34 lep 3
Other » = Exp. limit 262 + 3 + 4 lep 3
102 h - — Type-lll seesaw ]
8 r BN’ L* > e, u,7) = 1/3 7]
10 o _
1 © 10 =
[e) E 3
© 2B T T T A e T e — - n
g 2.0 -
15
s 1.0 } ! B
g 0.5 1 -
R (NR R olgﬁoe—“a NR AR AR (SR (6R )\ oR (R R =

2oy

N :
oo RV juot ek RV K0P et AN

v by by by by by o by 1y
400 500 600 700 800 900 1000 1100 1200
m(N,L?) [GeV]
©Observed exclusion limits at 95% CL

m(N,L) > 910 GeV
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Search for electroweakinos production in final states with one
lepton, jets and MET

First search targeting these processes in the 1Lepton channels

Event Selection

Variable C1C1-WW model

SRLM

SRMM SRHM

CIN2-WZ model
SRLM SRMM SRHM

Niep (p1 > 25 GeV)
Njet (p1 > 30 GeV)
Nlarge—Rjet (pt > 250 GeV)

1
1-3
>1

EMS [GeV] > 200
Ag(L,Emiss) <26
large-R jet type W-tagged Z-tagged
mt [GeV] 120-200 200-300 > 300 | 120-200 200-300 > 300
Exclusion SR
megr [GeV] (excl.) [600-850, > 850] [600-850, > 850]
mj;[GeV] (excl.) [70-90, - ] [80-100, - ]
s (excl) [> 12, > 15] [> 12, > 12]
Discovery SR
meg [GeV] (disc.) > 600 > 600 > 850 > 600 > 850 > 850
mjj[GeV] (disc.) - - - 80-100 -
Tgmiss (disc.) > 15 > 15 > 15 > 12 > 12 > 12
Strategy
2 T T T T T T T T T .I T
§ 10°~ ATLAS Preliminary ¢ Data I DibosonT!
_ .
s {5=13TeV, 139 fo = Total SM Il Diboson2|
o EWK 2nd- el + iets + ETES [ ] W+jets I Single top
B 102 nd-wave, Te/u + jets + ET ft mm Others
£
z ]

SRLMWZbin0
SRLMWZbin1
SRMMWZbin0
SRMMW2Zbin1
SRHMWZbin0
SRHMWZbint1
SRLMWWbin0

SRLMWWhbin1
SRMMWWhbin0
SRMMWWhbin1
SRHMWWhbin0
SRHMWWhbin1
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p v
X1
=0
i3 H
p z q
cici-ww 19 CIN2-WZ
Results
T:i’: — WW il:i:,W—)lv,W —qq
< 400 ;
8 " ATLAS Preliminary
& 0 {s=13Tev, 139 fb™, All limits at 95% CL
E C o------ Expe/c’t:ed Limit (1 0yp)
300 ... g L susy
C = Opsewed Limit (£1 "meory)
250~ /
200?—
E&
150[— -
:s‘ff/ \
100" i
50— :
0:,,|,,’,_.-",|,,,,|,,,,;',;,,,|,”,,,,|,,,,|,,,,,,,,,
200 300 400 500 600 700 800 900 1000
m(x,) [GeV]
“For the X1+ X'1- model, chargino masses
ranging from 260 to 520 GeV can be
excluded for a massless X'10
X 1+ X20 process, degenerate chargino/
neutralino masses ranging from 260 to 420
GeV can be excluded for a massless X'10 30
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