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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

Many BSM theories:

Grand Unification Theory Triplets
Sequential Standard Model Extra dimensions
Dark sector extensions Gravitons

Two-Higgs-doublet model

Many final states and many regions of phase space to consider

Search for any deviation from the SM prediction

Pushing limits both at high and low mass
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Overvieuw

Search for Higgs decays to beyond the standard model light gauge H(125) = XX — 4l EXOT-2016-22 [ leptonic low mass
bosons in four-lepton events with the ATLAS detector at /s = 13 TeV

Search for doubly charged Higgs boson production in multi-lepton pp — H*" " H EXOT-2016-07 [/ leptonic high mass
final states with the ATLAS detector using proton—proton collisions at - [rrrr

/5 =13TeV

Search for heavy resonances decaying into a W or Z boson and a Higgs V' - VH EXOT-2016-10 (' semi- intermediate/
boson in final states with leptons and b-jets in 36 fb~! of /s = 13TeV g (IV/H/VV)bb leptonic high mass

pp collisions with the ATLAS detector

Search for WW/WZ resonance production in [vqq final states in pp X - WV — lvqq EXOT-2016-28 [/ semi- intermediate/
collisions at \/s = 13 TeV with the ATLAS detector leptonic high mass
Search for light resonances decaying to boosted quark pairs and pro- ISR(y/j) EXOT-2017-01 (" hadronic low mass
duced in association with a photon or a jet in proton—proton colli- + boosted jj

sions at \/s = 13 TeV with the ATLAS detector

Search for dark matter and other new phenomena in events with an Jet + E;—"iss hadronic high mass
energetic jet and large missing transverse momentum using the

ATLAS detector

Search for pair production of up-type vector-like quarks and 4t-quark TT — Ht+X EXOT-2016-13 (" hadronic high mass
events in final states with multiple b-jets with the ATLAS detector

Search for W' — tb decays in the hadronic final state using pp W - th EXOT-2017-02 (" hadronic high mass
collisions at \/s = 13 TeV with the ATLAS detector

A search for high-mass resonances decaying to 7v in pp collisions at W = v EXOT-2017-06 (" hadronic high mass

\/s = 13 TeV with the ATLAS detector
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EXOT-2016-22

leptonic

H(125) - XX — 4l

higgs portal models, hidden sectors, dark matter

— setting upper limits on the Higgs boson branching ratio to BSM particles

three analysis regions targetting different processes
H(125)—ZX—4l (2I2e and 2I2)
H(125)—=XX—4l, m(X) € [15,60] GeV (4e, 2e2u and 4u)
H(125)—>XX—4l, m(X) € [1,15] GeV (4u)

X is new vector boson Z; or pseudoscalar a with low mass
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EXOT-2016-22

leptonic

H(125) - XX — 4l i

H(125) Zg £

set 95% CL upper limits on the fiducial cross section "".':q- Zy
for H-ZX—4l & H->XX—4| (model independent) ¢

L+

upper limits are applicable to any model with H(125) decays to 4 leptons
via two intermediate, on-shell, narrow, promptly-decaying bosons

4e 2e2u 4 >
n Expected e BEH x4 22 2i2e
=35 13 TeV, 36.1 fo"
— — Observed 4
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EXOT-2016-07

leptonic

pp—> H""H= > [ I* [

dedicated 2-, 3-, and 4-lepton channels to optimize signal acceptance
fit invariant mass
invariant mass of same-charge lepton pair in 2- and 3-lepton channels
average mass in 4-lepton channel
dominant systematic uncertainties
fake leptons
charge misidentification

background estimation

ATLAS
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EXOT-2016-07

leptonic
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pp—> H""H= > [ I* [

B(HE* etet) + B(HE: et pt) + B(HE » ptu®) = B(HE:SIE)
mass limit derived for all combinations of the partial branching ratios

lower limit above 770 (450) GeV for B(HX —I£1%) = 100(10)% for Hfi
lower limit above 670 (320) GeV for B(HE® —I£1%) = 100(10)% for H%i

ATl__AS _,—— Observed 95% CL limit
s=13TeV,36.1f0™ g ccieq 959 CL limit

[ Expected limit + 1o
[ Expected limit + 20

o(pp— H 2 0] 846 845
= o(pp~ H H)

o(pp— H"H) [fb]

842 841 841 840
[X4] 845 843 841 840 840 840 841
842 841 841 841 842 843

(=)
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EXOT-2016-07

leptonic

pp—> H""H= > [ I* [

the muon channel is the most powerful, but the differences are small

minimum limit as a function of B(H**—[*[¥)

limits derived for H;™ and Hz*
lower limit above 770 (450) GeV for B(HX: —I£1%) = 100(10)% for Hfi
lower limit above 670 (320) GeV for B(HX —I£1%) = 100(10)% for Hﬁi

ATLAS

s=13 TeV, 36.1 fb”'
lower limit of m( ft)

— Observed 95% CL limit
---- Expected 95% CL limit
[ Expected limit +10
[]Expected limit +20
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Overvieuw
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NEERERY
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duced in association with a photon or a jet in proton—proton colli- + boosted jj

sions at \/s = 13 TeV with the ATLAS detector
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energetic jet and large missing transverse momentum using the
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events in final states with multiple b-jets with the ATLAS detector

Search for W' — tb decays in the hadronic final state using pp W - th EXOT-2017-02 &' hadronic high mass
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A search for high-mass resonances decaying to 7v in pp collisions at W = v EXOT-2017-06 (4 hadronic high mass
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W'|Z' |ggF A/bbA - VH — (lv/ll/vv)bb

heavy resonances, 2HDM, heavy vector triplets, ...

analysis setup using dedicated categories

0-2 lepton channels

= resolved or merged bb regimes (small- and large-R jets)
©
i
o
:.' reconstruced resonance mass dependent on channel: my;, and mr vy,
©) > > >
>< $ ATLAS o data v ¢ data (1) ATLAS ¢ data
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Sl z [5=13Tev, 36.1 1" z . single top 2 (5= 13Tev, 36 £ sing

z Llep., 22jets, 1 biag ? T -m:::""’ ) : Olep., 21 lageR jets

110 GeV < m < 140 GeV +{bbbe.cc) 2 b-tags, 0 add. b-tags
| I multijet -Z:(h\,c\), Z+ 75 GeV <m, <145 GeV
the A other
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] ] T 05
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resolved, 1 lep, 2+ jets, resolved, 2 lep, 2+ jets, merged, 0 lep, 1+ large-R jet,
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EXOT-2016-10

semi-leptonic

W'|Z'|ggF A/bbA - VH — (lv]Il/vv)bb

95% CL upper limits for Z'->Zh & W'—=Wh production
observed exclusion contours in the HVT parameter space

95% CL upper limits for A=Zh with h—bb

interpretations following various models available in the paper

g ATLAS 95% CL limit O ATLAS g
Q —— Observed (CLs) I
S - 1 € 04
IS 1$=13TeV, 36117 _ _ £ oced (cLs) 41 5= 13 Tev 9
d [ Expected *1o 36.1fb* E
Em’l [ Expected +20 - 30Tev IS
g <=~ HVT Model A, g =1 P
R —— HVT Model B, g =3 4
N v g
11 5]
Q
2
s}

10

4
105501000 1500 2000 2500 3000 3500 4000 4500 5000
m,. [GeV]
/ .
Z'>7h HVT exclusion contours
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EXOT-2016-28

semi-leptonic

S. Alderweireldt

composite H, extra dimensions,

analysis using dedicated categorization
merged (lv)) or resolved (lvjj) quark pair
low- or high purity boson tagging (D2)
WW or WZ signal

Resolved SR (WW)

Resolved

esolved SR (W2)

CR Resolved CR

—_—
66 82 94 106 200

m;j [GeV]

resolved

heavy vector triplets, ...

LP SR (W2)
HP SR (W2)

merged

X —> WV - lvqq

ATLAS ¢ Data
CIWsiets

Vs=13TeV,36.1 fb"
ggF/qq Category

Post-fit uncertainty
-+-HVT Model AZ' 1.0 TeV.

Data / SM
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EXOT-2016-28

semi-leptonic

X —> WV - lvqq

composite H, extra dimensions, heavy vector triplets,

analysis using dedicated categorization

merged (lv)) or resolved (lvjj) quark pair

low- or high purity boson tagging (D2)

WW or WZ signal

ATLAS L
Vs = 13 TeV, 36.1tb" T Wejets
WW Signal Region (HP)
VBF Category . pbosons
) 2t
N Post it uncertainty
HVT VBF Model Z*
1200 GeV ( 500)

Events /0.34 TeV

=
12
s

3
o

12 14 16 18 2 22 24
m, , [TeV]

merged, VBF, WW, high-purity
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2>

ATLAS ¢+ Data
Vs = 13 TeV, 36.1fb " = e
WZ Signal Region (LP) oo & 1o
ggF/ca Category B Dibosons
[ Z+jets
XY Post-it uncertainty
-+ HVT Model AW"
2000 GeV ( 5)

>
>
8
o 5
S1oe
pi
2
£
5
&
w

Data / SM

35
my [TeV]

merged, ggF, WZ, low-purity
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perform simultaneous binned ML fit
to m(WV) distributions

ATLAS
Is =13 TeV, 36.1fb"
WW Signal Region (Res.)
VBF Category
S hoeons
=k
Postfit uncertainty
HVT VBF Model Z'
500 GeV ( 500)

resolved, VBF, WW
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EXOT-2016-28

semi-leptonic

95% CL upper limits for various models; more in the paper

largest excess 2.7¢ local

S. Alderweireldt

VD

(o Z° WW) [pb]
223 .3

2,

Jef¢]
HVT model W

ATLAS ——— Observed 95% CL upper
37TeV,36.11b"
F/qq | qq Category

- Expected 95% CL upper
99
HVT model Z*

[ Expected timit( 1)
[ Expectedimit( 2 )
- (pp Z' WW)HVT Model A, g,
(P Z' WW)HVT Model B, g

ATLAS
Vs=13TeV,36.1fb" _

o1 99 Calegory ooy o ectoaimit( 1)

[ Expectedtimit( 2)
- (P W' WZ)HVT Model A,g,=1
(P W WZHVTModelB,g 3

ggF, HVT model W’

X —> WV - lvqq

ATLAS
Vs=13TeV, 36.1 fb
VBF Ivqq Category
Heavy scalar model

; —=— Observed 95% CL upper limit

Expected 95% CL upper limit
|:| Expected limit ( 1)
[ Expected imit( 2))

25 3
m(Scalar) [TeV]

VBF, Heavy-scalar model

ATLAS

Vs =13 TeV, 36.1 fb” ) o
9oF/qa 1 qq Category * Expected 95% CL upper limit
Bulk RS model kiM,=1.0 [II] Expected limit ( 1)

[ Expected limit( 2 )

—— P G, WW) kM =1

—=— Observed 95% CL upper limit

ggF, graviton model
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Overvieuw

Search for Higgs decays to beyond the standard model light gauge H(125) = XX — 4l EXOT-2016-22 (4 leptonic low mass
bosons in four-lepton events with the ATLAS detector at \/s = 13 TeV

Search for doubly charged Higgs boson production in multi-lepton pp — H*" " H EXOT-2016-07 (4 leptonic high mass
final states with the ATLAS detector using proton—proton collisions at - [rrrr

NEERERY

Search for heavy resonances decaying into a W or Z boson and a Higgs V' - VH EXOT-2016-10 (&' semi- intermediate/
boson in final states with leptons and b-jets in 36 fb~" of \/5=13TeV g (IV/H/VV)bb leptonic high mass

pp collisions with the ATLAS detector

Search for WW/WZ resonance production in [vqq final states in pp X - WV — lvqq EXOT-2016-28 (4 semi- intermediate/
collisions at v/s = 13 TeV with the ATLAS detector leptonic high mass
Search for light resonances decaying to boosted quark pairs and pro- ISR(y/j) EXOT-2017-01 (7 hadronic low mass
duced in association with a photon or a jet in proton—proton colli- + boosted jj

sions at \/s = 13 TeV with the ATLAS detector

Search for dark matter and other new phenomena in events with an Jet + E-;—"iss hadronic high mass
energetic jet and large missing transverse momentum using the

ATLAS detector

Search for pair production of up-type vector-like quarks and 4t-quark TT — Ht+X EXOT-2016-13 (" hadronic high mass
events in final states with multiple b-jets with the ATLAS detector

Search for W' — tb decays in the hadronic final state using pp W - th EXOT-2017-02 (" hadronic high mass
collisions at \/s = 13 TeV with the ATLAS detector

A search for high-mass resonances decaying to 7v in pp collisions at W = v EXOT-2017-06 (" hadronic high mass

\/s = 13 TeV with the ATLAS detector
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EXOT-2017-01

hadronic

many models with mediators coupling to quarks & gluons
look at lower mass with ISR (mz: < 200 GeV)
ISR allows highly efficient triggering at lower masses
(compared to regular triggering on the resonance decay products)

q 1 ¢ d
X X
P o i g
y
topologies:
1isolated y + 1 large-R jet 1small-R jet + 1 large-R jet

making use of 727 substructure variable and Designed Decorrelated Tagger
(DDT;removing dependence of 731 on jet mass and pr)

Ty a measure of a jet’s compatibility with being fully aligned along N axes

721 = T2/ 71 differentiates two-particle jets from the decay of
a boosted resonance & a single-particle jet

aim to separate large-R signal jets and QCD y+jet background

background estimate using transfer factor method

S. Alderweireldt
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ISR(y/j) + boosted jj

ATLAS Simulation
Vs=13Tev
Jet channel

§ 8ka. 500

§ kg, 700

250 300
Large-R jet mass [GeV]

200 250 300
Large-R jet mass [GeV]
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EXOT-2017-01

hadronic

ISR(y/j) + boosted jj

5=13Tev, 3611 I Background est. Vs=13 [ Background est.
Jet channel e

Events / GeV/

Zexsw s fit of large-R jet mass in jet & photon channels

oo background estimated separately per candidate mass

95% CL limits on the Z’ cross section
channels combined for limit on coupling g4

largest excess in the jet (y) channel at mz = 150
(140) GeV with local significance 2.5 (2.2)c

]
£
g

ATLAS ATLAS Theary (9,205)

15=13TeV, 361 fb 15 = 13 TeV, 36.1 f" — Observed 85% CLimi
Expected

Expected imit 1

Expected imit 2

5=13TeV, 36.1 fo" - Expected 95% CL limit
Expocted limit 1
Expecte

Photon channel

3
100 120 140 160 180 200 220 100 120 140 160 180 200 220
m, [GeV] m, [GeV]

0 100 120 140 160 180 200 220
m; [GeV]
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EXOT-2016-27

hadronic

. miss
dark matter, compressed SUSY, extra dimensions, ... Jet + ET
many possible diagrams

requiring: large missing transverse energy + 1 high-pt jet + <3 more jets (pr >30 GeV) +

background is constrained using a likelihood fit to the E?iss distribution in a set of control regions,
taking into account systematic uncertainties

q

ATLAS ¢+ Dala2015:2016
= 13 TeV, 36.1 11 “ Standard Model
Signal Region = a‘ , ":J':":
p,1)>250 GeV, E”
Z( +jets
. i + single top
B Diboson

i

fs=13TeV,36.1 fo"
Signal Region
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Events / GeV/

>
3
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2
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EXOT-2016-27

hadronic

. . i o . . monojet + E7"%
setting model-independent limits using inclusive signal regions

providing exclusion limits for a wide range of models (more in the paper)
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EXOT-2016-13

hadronic

TT > Hi+ X

alternative for 4th generation quarks; hierarchy problem
decays to vector bosons and 3rd generation quarks

approach: 0/1-lepton + (many) jets, some b-tagged

1-lepton = lepton + jets: sensitive to T — tH(bb) (12 regions)
0-lepton = jets + MET: sensitive to T — tZ(vv) (22 regions)

make use of Higgs and top tagging: categorize using N(H), N(t), N(b), N(j) multiplicities

ML fit of effective mass

derive 95% CL limit on production cross section
g ATLAS Preliminary ta I:|(E~ light-jet
g ATLAS Simulation Preliminary Vs=13TeV,36.1 10" = [+ =10 == Theory (NNLO prediction +15)
2 (5=13 Tev @ Non-t 777 Total Bikg unc —— 95% CL observed limit
= 0-lepton +reene 95% CL expected limit
2 >7j, 22b s 0lepton 95% CL expected limit +1o
8 [ Total background y 95% CL expected limit 20
b —— TT doublet (1 Tev)

TT singlet (1 TeV) SU(2) doublet
TT - ZtZE (1 TeV)
‘-\“E ATLAS Preliminary
3 {s=13TeV, 36.1 fb™
1-lepton + O-lepton combination
= 700 800 900 1000 1100 1200 1300 1400 1500
Top-tagged jet multiplicity m; [GeV]
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EXOT-2017-02

hadronic

W' = tb

universal extra dimensions, little Higgs, top assisted
technicolor, Kaluza-Klein gravitons, ...

tb final state sensitive to right handed W’s

_

topology: 1 high-pt b-jet + 1 large-R top-jet (bqq)

categorize:

0or 1b-tag

6 regions each based on b- and top tagging criteria

making use of shower deconstruction top tagger

+ Data
== {[e
Non tt MC

Data / Pred.

S. Alderweireldt

0 b-tag in category

C F

Not loose
Not loose

Loose but not

top-tagged tight top-tagged top-tagged
Loose but not

top-tagged tight top-tagged top-tagged

9
3
[}
2
5
c
[
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Py
o
2
-
2
«
X
o
)
2
L]
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Large-R jet top candidate

Tight
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[1] https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.074002
[2] https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.054012

1 b-tag in category

b-tagged Not b-tagged
Small-R jet b-candidate
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EXOT-2017-02

hadronic

s3]

W' = tb !

WI
fit reconstructed my, in signal and validation regions Wi
0 Qe q t
derived 95% CL limits on the cross section ~
/
. o om q
largest excess at m = 2.25 TeV with local significance of 2.00 b
> > 10° >
3 Famas 3 3 O
S S = o anaa g
2 2 2
g g ¢
w w w
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S. Alderweireldt ATLAS results on searches for exotic new particles (28/Mar 2018)

22

24


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-02

EXOT-2017-06

hadronic

W' = v

W/ preferential coupling to 3rd gen as explanation for anomalies, mass hierarchy, ...
might not appear in e/yu final states and therefore requires targetted 7 search

selecting events with taus and large missing transverse energy

deriving model-independent 95% CL limits

interpretations in SSM and non-universal G(221)

ATLAS
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S. Alderweireldt

Sumamary

presented 9 recent ATLAS exotics searches using
the 2015+2016 dataset (36.1 fb™")

results covering many final states and
a wide range of masses

derivation of as well as

interpretations testing a large number of models

no hints of new physics yet

for the future
more data to be analysed (2017+2018)

several more results in the pipeline

all public results at:

Search for Higgs decays to beyond the standard model light gauge | H(125) — XX ~4l | EXOT2016:22 Teptanic Tow mass
bosons n four-lepton events with the ATLAS detectorat /5 = 13TeV

Search for doubly charged Higgs boson production in multi-lepton | pp— H* " H EXOT-2016:07 leptonic high mass
final states with the ATLAS detector using proton-proton collisions at |~ [*I* ["I”

V=T

Search for heavy resonances decaying into a W or Z boson and a Higgs
boson in inal states with leptons and b-jets in 36 fb~' of /& = 13TeV
pp collsions with the ATLAS detector

V' VH
~ (tv/llfvv)bb

EXOT-2016-10

intermediate
high mass

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

Search for WW/WZ resonance production in [vqq final states in pp | X — WV — lvgq EXOT2016.28 em [E——
colisions at /5 = 13TV with the ATLAS detector eptoni high mass
Search for light resonances decaying to boosted quark pairs andpro- | 1SR(y/}) ExOT2017-01 — Tow mass
duced in association with a photon or a jet in proton-proton colli- | + boosted jj
sions at /5 = 13 TeV with the ATLAS detector
Search for dark matter and other new phenomena in events with an | jet + Ef' EXOT2016:27 hadranic high mass
energetic jet and large missing transverse momentum using the
ATLAS detector
oot [ B D G o e e et || D= Gos EXOT-2016.13 e e
events i final states with multiple b-jets with the ATLAS detector
Search for W' — tb decays in the hadronic final state using pp | W’ — tb EXOT-2017-02 hadronic high mass
collisions at /3 = 13 TeV with the ATLAS detector
A search for high-mass resonances decaying to v in pp collisions at | W' — 7v EXOT-2017-06. - high mass
/5 = 13TV with the ATLAS detector
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44m

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet Transition radiation tracker

Semiconductor tracker
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crucial tool in searches for resonances decaying to highly boosted
quark pairs, SM bosons, top quarks
791 and D5 variables to track two-pronged signal jets [2],[3]

designed decorrelated tagger (DDT) [4] to remove dependence on mass & pt

ISR + boosted quark pair

W' — tb

X - WV > lvgq

ATLAS Simulation

Vs=13Tev
Jet channel

[1] R. Jansky
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https://arxiv.org/pdf/1108.2701.pdf
https://arxiv.org/pdf/1507.03018.pdf
https://arxiv.org/abs/1603.00027
https://cds.cern.ch/record/2305903/files/ATL-COM-PHYS-2018-169.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-01/

Jet substructure

2 2
jet mass: (Z Ei) = ( )
i€) i

~1/pr ~ 1/my

currently mostly using calorimeter-based jet substructure

gain from including tracker information in substructure measurements
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https://cds.cern.ch/record/2305903/files/ATL-COM-PHYS-2018-169.pdf

resolved boosted/merged

Small-radius jets ; Large-radius jet

Boosted jets: Increasing transverse momentum, p;

[1] R. Jansky
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