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ATLAS Exotics search summary

e A final state often probes multiple theories
ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2019 JLdt=(32-139)fb! Vs=8,13TeV
Model 6y Jetsi ET [Ldim) Limit Reference
T T T T Ty T —T

ADD Gk +g/q Oeu 1-4j Yes 36.1 Mo 7.7 TeV n=2 1711.03301
ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
ADD QBH - 2j - 370 | Mw 89TeV n=6 1703.09127
ADD BH high ¥ pr 2lep >2j - 32 |My 8.2TeV n=6,Mp = 3TeV, rot BH 1606.02265
ADD BH multijet - >3j - 36 |Ms 9.55TeV n=6,Mp=3TeV,rotBH 1512.02586
RS1 Gkx = vy 2y - - 36.7 | Gy mass 4.1Tev k/Mp; =0.1 1707.04147
Bulk RS Gkx — WW/2Z multi-channel 36.1 | Gkx mass 2.3Tev k/Mp; =1.0 1808.02380
Bulk RS Gkx — WW - qqqq Oep 2J - 139 | Gkkmass  1.6TeV k/Mp; = 1.0 ATLAS-CONF-2019-003
Bulk RS gkx — tt leu 21b,>1/2) Yes 36.1 8xx mass 3.8Tev r/m=15% 1804.10823
2UED/RPP lepu 22b,23) Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMY) 1) =1 1803.09678
SSM Z' — tt 2ep - - 139 |Zmss  51TeV 1903.06248
SSMZ' — 1t 2r - - 36.1 Z’ mass 242TeV 1709.07242
Leptophobic Z’ — bb - 2b - 36.1 |2 mass 2.1 TeV 1805.09299
Leptophobic Z’ — tt leu 21b,21J72) Yes 36.1 Z' mass 3.0Tev MNm=1% 1804.10823
SSM W’ - v 1ir - Yes 36.1 W’ mass 3.7Tev 1801.06992
HVT V' - WZ — qqqq model B O e, u 2J - 139 gv=3 ATLAS-CONF-2019-003
HVT V' — WH/ZH model B multi-channel 36.1 V' mass 293 Tev gv=3 1712.06518
LRSM Wg — tb multi-channel 36.1 Wg mass 3.25TeV 1807.10473
LRSM Wg — uNg 2u 1J - 80 Wpg mass 5.0 Tev m(Ng) =05TeV, g = gr 1904.12679

. Cl 9q9q - 2j - 370 |A 218TeV 7, 1703.09127
Clttqq 2e.u - - 36.1 A 400 TeV 7, 1707.02424
Cl ettt 2leu 21b21j Yes 36.1 A 2.57 TeV |Cael = 4r 1811.02305
Axial-vector mediator (DiracDM) O e, u 1-4j Yes  36.1 Mined 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mened 1.67 TeV £=1.0, m(y) = 1 GeV 1711.03301
Wyy EFT (Dirac DM) Oep 1J,51j Yes 32 |m, 700 GeV m(y) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DimacDM) 0-1e,u 1b,0-1J Yes 36.1 my 3.4Tev y =04,1=02 m(y) =10 GeV 1812.09743
Scalar LQ 1** gen 12e 22j Yes 36.1 LQ mass 1.4TeV =1 1902.00377
Scalar LQ 2" gen 12u 22j Yes  36.1 LQmass 1.56 Tev p=1 1902.00377
Scalar LQ 3" gen 2r 2b - 36.1 | LQymass 1.03 TeV B(LQ§ — br) =1 1902.08103
Scalar LQ 3¢ gen 0-1e,u 2b Yes 361 |LOjmass 970 GeV B(LQ§ — tr) = 0 1902.08103
VLQ TT — Ht/Zt/Wb + X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 1.34 Tev SU(2) doublet 1808.02343
VLQ Ts/3 Te/3| Tsz = Wt + X 2(SS)/23eu21b,21j Yes 36.1 Ts/3 mass 1.64 TeV B(Ts — Wt)= 1, c( TssWet)= 1 1807.11883
VLIQY — Wb+ X lepu 21b21) Yes 36.1 Y mass 1.85TeV B(Y - Whb)= 1, cg(Wb)= 1 1812.07343
VLQ B — Hb + X Oeu,2y 21b,21j Yes 798 B mass 1.21 Tev xg=05 ATLAS-CONF-2018-024
VLQ QQ — WqWq 1en Z4)  Yes 203 |ESSEGsoGEw 1509.04261
Excited quark q* — qg - 2j - 139 only u* and d*, A = m(q") ATLAS-CONF-2019-007
Excited quark q* — qy 1y 1j - 36.7 q" mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
Excited quark b* — bg - 1b1j - 36.1 | b* mass 2.6 TeV 1805.09299
Excited lepton ¢* 3eu - - 203 A=30TeV 1411.2921
Excited lepton v* Seurt - - 20.3 A=16TeV 1411.2921
Type Ill Seesaw leu 22j Yes 798 | N®mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2pu 2j - 36.1 Ng mass 3.2Tev m(Wg) = 4.1 TeV, g = gr 1809.11105
Higgs triplet H** — (¢ 234eu(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
Higgs triplet H** — (r 3eurt - - 203 |H**mass 400 GeV DY production, B(H}* — (r) =1 1411.2921
Multi-charged particles - - - 36.1 multi-charged particle mass 1.22Tev DY production, |q] = 5e 1812.03673
Magnetic monopoles - - - 344 monopole mass 2.37 TeV DY production, g| = 1gp, spin 1/2 1905.10130

Vs=13TeV ....l1 N MY | N e a2l " ——
paxtial data 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)
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Di-jet resonance searches

Highest-mass central dijet event of 8.0 TeV selected in resonance search

ATLAS 4

EXPERIMENT
Run: 305777
Event: 4144227629
2016-08-08 08:51:15 CEST



Di-jet resonance searches

e Smoothly-falling background: fit to the data - no
e Mass limit at set at 6.7 TeV on a benchmark g* -gq.
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Di-lepton search

e Limits set on benchmarks 7’ (for ex. Z’SSM excluded up to 5.1 TeV)
e Dedicated high-pT lepton ID to improve sensitivity
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Di-lepton search

ATLAS

EXPERIMENT

Run Number: 336852, Event Number: 1440436043

Date: 2017-09-29 11:44:35 CEST

Ll Highest-mass dielectron event
= found during Run-2: 4.1 TeV.




Dark matter search
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Resonance

S

B Dijet

Dijet ¥ = 13 TeV, 37.0 fb”!

PRD 96, 052004 (2017)

Dijet TLA ¥5 = 13 TeV, 29.3 fb™!
PRL 121 (2018) 0818016

Dijet + ISR ¥s = 13 TeV, 15.5 fb”!
Preliminary ATLAS-CONF-2016-070

= f resonance

Vs =13TeV, 36.1fb"
EPJC 78 (2018) 565

B8 Dibjet

Vs=13TeV,36.11b"
PRD 98 (2018) 032016

T EPSS4X

ET™ 4y ¥5=13TeV,36.1 1"

Eur. Phys. J. C 77 (2017) 393
ET*+jet Y5 =13 TeV, 36.1 b
JHEP 1801 (2018) 126

ET**+2Z(I) ¥s =13 TeV, 36.1 o'
PLB 776 (2017) 318

ET**+V(had) ¥§ = 13 TeV, 36.1 fb™!
JHEP 10 (2018) 180
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ATLAS: arXiv:1904.05105

Dark matter searches CMS: arXiv:1809.05937

G wimp-n [cM?]

e |f light enough, Higgs boson can decay to DM (H = invisible)
— BR(H=inv) < 26% (17% expected) for ATLAS
— BR(H-=inv) <19% (15% expected) for CMS
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Long-lived particle search

Long-lived particles can occur in case of weak couplings, small phase space
(mass degeneracy), high virtuality (scale suppression)

Diéappearing o'r Diverse set of

Displaced kinked tracks \ signatures that need
multitrack vertices _ to be pursued by
l ' Non-pointing dedicated, usually
(converted) photons non-standard

A\ analyses, some
| 4 AN requiring special
Displaced leptons, / P

, Emerging jets triggers
lepton-jets, or

lepton pairs

\ i Trackless,
. low-EMF jets

Multitrack vertices in
the muon spectrometer

Meta-stable charged
particle\s.
A\
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Long-lived particle search: Type-l heavy neutrino

e
e Displaced analysis Selection:
— Displaced vertex of two opposite-sign tracks pu or pe (4-300 mm)
— One prompt u

e Mjaor Background : single top and multi-fake displaced tracks

> 0.06m A AAL BEN S B SL AL AL L LR AL L] B R R AL |
e » + ATLAS Simulation
2 0.05- Vs =13 TeV, W — uN - ppev,
2 N v m,=10 GeV, prompt
el o : ‘ » my,=5GeV, displaced
S 0.04- Y « my,=7.5GeV, displaced
wW N Vy,Va| @ . L2500y, displaced
9 O i W:‘ . ev, adispia
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Hu,e
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0.01
ob | . . .v
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Long live particle search: Type-l heavy neutrino

-
(]

e Both prompt analysis and displaced used. e,U
e Display analysis improve sensitivity in low mass. >¢\v/v\ﬁ<N 7; ; VisVe
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Di-boson and Di-Higgs search

Extended sector?
Extra-dimensions scenarios h— HH
with radion/G-WW/22/

New heavy vector
bosown (0/3 Z'N?

W —-W2zZ, Z2'->hWwW

Leptons
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Di-Higgs: Double the Higgs for double the difficulty

Search for HH
production in 4b
channel through VBF

Backgrounds from data
using m,, sidebands

SMA =CV=C2V=1
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Diboson search : X-> Hy

Motivation
— Search for anomalous magnetic moments of H (or W/Z)
O More W/Z anomalous coupling will be covered Dr. Shu Li tomorrow
— Several models predict a new massive scalar decaying into Hy

Event selection :
— boosted jet ( b tagging) -- from H, W or Z decay
— high pT y (pT>250GeV)
The main background 9
— y +jets
— H]/

Z/W/H

16



Key issue in search for TeV new physics

e Two b jets from boosted Higgs decay merge into one
e Difficult to reconstruct Higgs boson in jet final state

e Two new analysis technique used in this analysis
— B tagging on track jets

— Jet substructure

%

A
o= «©

proton proton

17



Jet Substruture

Jet substructure crucial tool for:
e Inclusive search for and measurement of

H-bb in boosted regime.
m ~ Searches for heavy (>1 TeV) resonances
14
’ i decaying to SM-bosons, or top-quarks.
* Precision measurements of SM in

extreme phase-spaces.

two-prong

: structure (D,)

18




Jet mass

2 2
2 jet mass: melo = Z 4 Z B

ieJ i€]

Reconstructed boosted H, Z and W boson
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https://arxiv.org/abs/1805.01908

B tagging on track jet

e B tagging based on track jet

Track jets overlapping for Higgs with
very high momentum

R=0.2 Track Jets

Relative selection efficiency

Beamline

Primary Vertex
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Significant efficiency loss for
resonance with higher mass

arXiv:1805.01908
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https://arxiv.org/abs/1805.01908

Limit setting of X-> Hy search

e Use analytic function to fit fast falling background from

— vyjets, Zy, SM VBF Hy

e The first X-> Hy limits (from 1TeV to 3TeV)
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Significance
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https://arxiv.org/abs/1805.01908

Prospect of X->H+y and di-higgs search

e Development in advanced double b jet tagger

> Boost to the Higgs jet center of mass frame (COM)

» Use Higgs jet constitutes to cluster 2 EECambridge subjets

» Use angular seperation in COM for track-to-subjet association
> Boost back to the lab frame to apply for b-tagging

R=0.2 Track Jets COM

Beamline

Primary Vertex 2



Prospect of future X->H+y search

Expect significant improvement in full run-2 dataset

In double b tagging efficiency
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Prospect of X->H+y and di-higgs search

Fractional JES uncertainty
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Summary

e Short review (incomplete) review of ATLAS Exotics search
e Good progress in Di-Higgs and Di-boson search

— Better Large-R jets jet energy calibration

— More Advanced double b taggers

e Long-lived/challenging signatures to become a more important
focus
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B jet energy corrections

e Using ATLAS default jet energy calibrations
— Higgs mass resolution is not great
— Asymmetry in mass, long tail in low mass region

e Dedicated B jet calibration
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