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LCH-ATLAS Run-2

Run 1 (2010-2012): 7-8 TeV
<_ Run2(2015-2018): 13TeV

Run 3 (2021-2023): 14 TeV

¥ 7 km circum_f:é'r_e‘nc

ATLAS: a large and sophisticated
general purpose particle detector

High-luminosity comes with a challenge
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ATLAS Improvements during 2013-14 Shutdown for Run-2

i

LAr hadronic end-cap and
forward calorimeters

Pixel detector

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet
Semiconductor fracker

Transition radiation tracker

@ |Infrastructure

<+ New beam-pipe, improvements to magnet and cryogenic system
@ Detector consolidation

<+ Muon chambers completion and various repairs
@ 4" silicon pixel detector layer (IBL)

=+ Innermost Pixel detector layer at 3.3 cm from beam pipe

@ Trigger/DAQ
= Increase max. L1 rate from 75kHz to 100kHz. New L1 topological
trigger. New Central Trigger Processor. Merge L2 and HLT farms.




ATLAS: What we did find !

Standard Model Production Cross Section Measurements

Status: July 2019
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Dark Matter from...

Simplicity
Effective Field Theories

- We don't know what the higher-scale physics is, but we can
integrate it out.

“Simplified Models”

— We introduce a few additional degrees of freedom, but don't try
to make statements about the complete theory.

Complete Theories

- We add a full set of new DoF's and expect them to explain
everything (e.g. SUSY).

Completeness
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Physics Beyond Standard Model: Why SUSY 7?

Could solve:

* Hierarchy problem

Low-mass top squarks cancel SM
contributions to Higgs mass

* Unification gauge coupling
Presence of sparticles (at TeV scale)
changes running of couplings

* Dark matter

Lightest SUSY particle can be massive,
stable and weakly interacting. R-parity
protects lightest SUSY particle from decaying

How?:

* Generalization of SM: symmetry between
force and matter particles

* Introduces sfermions and gauginos

doubles particle content wrt SM

With 100 free parameters wide
range of possible experimental signatures

H__ S

fermion loop

boson loop

- e d—— - — -

fermion and boson loops contribute with different signs
to the Higgs radiative corrections; fermion-boson
symmetry protects the scalar Higgs.
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Quarks o Leptons

. Force particles

Sfermions:
Gauginos: eg. g+— @

SUSY particles

o Sleptons

@ susYforce
particles
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ATLAS-CMS Dark Matter Forum for Run-2

Effective field theories

Simplified models

q

Mediator energies >>
energy transfer at the LHC

g

=<

Mediator is light enough to be produced at
the LHC!

q

@

+ mass of the mediator

- mass of the DM

- coupling to quarks -
+ couplign to DM X

q

In Run-2 the ATLAS and CMS experiments moved away from the use of EFT inspired models

(questionable validity at high-Q?)

A set of well-defined simplified s-channel exchange diagrams with heavy mediators is now

29

Zeynep Demiragh

considered motivated by a number of different considerations

Mostly 4 parameters:
e Mediator mass (MMed)

o WIMP mass (mx)
e 2 couplings ( gq,gx), typically (1, 0.25)

arXiv:1507.00966v

DM as as Dirac-fermionic WIMPs
¢ Neutral, stable, weakly interacting
particles with mass O(100 GeV)
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SUSY Searches: Paradigm Shift

Having found no SUSY so far in "standard"
channels (strong production, large mass
splittings), the searches are shifting in the
following directions:

P

Cross-section [pb]

¢ Compressed spectrum scenarios (e.g, stop
nearly degenerate with top quark + neutralino

masses) IR BT
=~ Use ISR as an important tool to boost 0 %0 10010 parﬁggomass[ezwsoo
compressed system
e Search for EW production of SUSY particles
~ Sensitivity for Higgsino pair production
rapidly increasing the reach

e Search for SUSY via Higgs boson in decay
chains

= Just started to be sensitive _
e Long-Lived Particles Glio mass
¢ Go beyond the R-parity conserving models

LSP mass
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Search strategy for new physics

Standard Model

Top, multijets
/Z, W, WZ, WW/Z, Higgs

Reducible

Determined from data
Analysis specific

Irreducible
Normalize MC in Control
Regions
Small contributions - rely on MC

Validation
Cross check SM predictions
with Data

Signal

observable 2

SR

background

signal

observable 1

>
MET
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Direct pair production of top and bottom squark » l&é

® All SUSY particles are considered to be heavy

except fort, (b,) and y
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Top and Bottom Squark
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The Higgs at 125 GeV inspires O(1TeV ) stop. If natural SUSY exists, we are decreasing the places where it can hide

12/32



gluinos decaying via third generation off-shell squarks
to the lightest neutralino

Multi b jets
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Final states with jets & 2 same-sign leptons or 3 leptons

q q (/v
(/v

%

qa q (/v

Search for strongly produced SUSY particles in SS/3L+jets events.
Low SM background from same-sign requirement
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No significant excess observed — gluino exclusion up to 1.6 TeV
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EWK production of chargino/neutralino decaying to Wh

Fully hadronic signature (0¢bb) | | Single lepton + 2 b-jets signature (1£bb)

Assuming mass-degenerated and
wino-like x*, / x°, , and a bino-like ¥°,

P / h\\Tb
b

Same-sign dilepton (¢£¢) and 3 lepton signatures (3¢)

Masses of ", / x°,smaller than 680 GeV are
excluded for a massless x°,. Unprecedented

sensitivity to high-mass region by the signatures
with b-jets (0fbb and 1{bb)
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Higgsino searches

Motivated by naturalness arguments Higgsino mass parameter u is near the weak scale, while the bino and
wino mass parameters, M1 and M2, can be significantly larger |u| « |[M1[,|M2|. Compressed scenarios.

J q

® [SR allows highly efficient triggering at lower
masses. Soft leptons are required (3-4.5 GeV)

® Additional 1 lepton + 1 track SR improves
efficiency of very small mass splitting.

® First ATLAS search to use a track as a proxy
for a charged lepton.

® For the Higgsino simplified model, exclusion
limits at 95% CL are set up to masses of 145
GeV and down to mass splittings of 2.5 GeV
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Search for disappearing tracks

Search for long-lived charged particles
(charginos) leading to disappearing track +
MET Pixel-only trackless with IBL reduce
minimum track length to 12 cm (from

30 cm in Run-I)
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SUSY Limits June - July 2019

Ys=13TeV, 36.1-139.0fo™' July 2019
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Search for supersymmetric particles

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Internal
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Zep =1 -E..r-"" 138 | F 0.256 mif-mit3- 10 Gev ATLAS DONF. 2019014
B, A—bGEFG Dep =3b J:: 361 u 013023 0.28-0.88 BRitS . b=t 1808 4060
dep Ojes & 3.1 i 3 EIFHﬂ; —FE=1 1B04 03502
3 Direct F1¥7 prod., long-ead §1 Disapp. k. 1jet  E== 383 [f 046 P Wino 202948
oo Fum Higgaing ATL-PHYS-PUB-207-013
Stable p R-hadron Muktipls 3.1 3 20 190201635, 1808.04095
Mstaztable  F-hadron, §—sqqf; Multipla AL e T, — Y,k mgti-100 oen 71004001, 1808.04005
LRV pp—¥r + X, vr—epfemipr LT T 32 | % 18 =01, e =0 AT 1607 08070
FIFLIEL — Wt dep Qs E™ 361 1.33 mil}=100Gav 1804 03602
B, B-qqi ) — a0 46 large-R o 3.1 18 L &y 1804 03558
g i Multipls 381 20 it 1200 G, binc-ke ATLAS-CONF-2018-008
;—_;_.“'-‘I‘_;‘I’_. shy Multipls 381 105 et =200 Gen binc- ke ATLAE CONF.2048-008
. Fy—sbr 2pts+2F =7 LT TILITT
Bep 2b 3.1 Iy 04145 By o) By B0 71005544
iu o 138 16 EFM:— gl 100, coma=1 ATLAS-CONF-2019-008
*Oniy 8 selection of the availablie mass limits on new siaies or 107! 1 Mass scale [TeV]

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

Simplified models limits exploiting 2015-2018 Run 2 dataset

® 1.6-2.2 TeV exclusion for gluinos at low LSP mass, up to 1.8 TeV for squarks

(8-fold degeneracy)
® Some scenarios excluding 1 TeV stops
® Up to 700 GeV limits for gauginos and sleptons
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Mono X Analysis - General Analysis Strategy

q g X q y % q Z X
9 (N Non-interacting DM particles —
“a mEd = Missing transverse energy (MET)
¥ 9 \
g t

q q X

T X (y, jet, W=, Z, h)

Event Selection

¢ High MET, compatible with production

o If X=y, jet — high p_(X) with quality criteria

If X=W, Z, h — reconstruct mass within a windows

Large MET (y)
Veto events with other “good” physics objects, like leptons

¢ ¢ ¢

The searches focus in look for excess in different regions of high MET, and in case of
absence of excess, exclusion limits are extracted for the model
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Mono-Jet

® Signature
~ High p_Jet + MET

Events / GeV

e MET triggers: efficiency
reaches ~100%
at 250 GeV

= {s=13TeV, 36.1 fo’!
Signal Region )
p,(j1)>250 GeV, ET"**>250 GeV

® Data2015+2016

74444 Standard Model

B Z(- vv) +jets

B W(- Iv) +jets

I 2= ) +jets

B i + single top

I Diboson q
multijets + ncb
m(b, )°) = (500, 495) GeV
(m_ M )= (400, 1000) GeV

DM ' med
ADD, n=4, MD=6400 GeV

powerfu

9q 9x

X

Mono-jet is one of the most

| channels

® Main backgrounds = 2T st Syst Uncortainties ST + ............ ]
+ Z(w) + jets SRRRT SR JRUY N Js S feiminit =
g © Lo e =
-BW(IV)+JetS o Bl e e ba et oun ol caaa tea s s laacalaa i ot o oot ol
300 400 500 600 700 800 900 1000 1100 1200
ET"* [GeV]
> T e R Exp;ectedl Iimitl-_'-2cl =
& 1 000_ ::.’:-’;;q-iv 36.1 b BEEE Expected limit (+ 166y0)
= I Axial-Vector Mediator ~— Observed limit (+ 10,00 =) |
E Dirac Fermion DM Perturbativity Limit
B 9,= 0.25, g, = 1.0 Relic Density (MadDM) 7]
£ 95% CL limits ATLAS\s =13 TeV, 3.2 o™ |
For couplings g, = 0.25, g9.= 1.0, axial-vector and vector ] Lo g
: 5001 o —
mediators excluded up to 1.55 TeV for low DM masses. I ]
0 ot 1 1 1 1 | 1 1 I 1 1 1
0 1000 2000
m, [GeV]
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Models in which the higgs couples to dark sector particles,

MOHO-HiggS (bb) e.g. higgs couplings to the mediator

- Not ISR (small coupling)
Z' model , z' 2HDM model - Mainly Simplified Models:

- s-channel vector mediator radiating Higgs
- Other models considered:
- s-channel scalar mediator radiating Higgs
( - Z’-2HD simplified model

- scalar 2HD simplified model
- Additional parameters as: g__, , mixing angles..

%300_‘“""'""""""'_‘.'_'i:)lt'"|"‘""""'_> 60_'\"'\"'|"'|"'|“‘|'|'3'|"'|“‘|"'|"‘|‘_
= Soosit ata - = e ata =
o : VA—TLAS Prellmln"ary ‘:l SM Vh : 8 : ATLAS Prellmlnary E SM Vh : 1 OOO T T T T T T T T T T T T T T T T T T T T T T
o 250f Vs=13TeV, 798 E Dibosonl 4 S s0F Vs=13TeV,79.8 fb™ B Diboson ] ET I | D‘bserved 9|5% o T
— : tt + single top 1N C [ tt + single t & C - ]
= ggr(ng/oivgf) = 500 Goy I Zvets 1~ gl il Dzeee 5 900 /\I}]_'LA;SSI?:\I;n';gagb , ====1 Expected 95% CL (+10)]
L 200f 2p-tags B Wejets j = e 40' 2b-tags I W-jets . - = - PRL 119, 181804 .
c - XX\ Background Uncertainty e g N\ Background Uncertainty 5 L . B
d>.> e b T T e e ot Pre-fit E;ckgHr%L;\;d ] (]>J wairg e ISR = Pre-fit Background d 800 h(bb) + Ef'ss: Z'+2HDM simplified model -
g — - mono-h Z’-2| & - e -h Z-: - = B
W 150 mp = 1400 Gev, m_ — 600 ce7] L 30F- g 1'150213Mm 600 Gl C tanf =1, gz =08, m =100 GeV, my = my- = 300 GeV |
C Ogignas = 375 b 7] - . 700~ -
100 =1 b C ]
00: 5 206 1 600 3
50 e E 500 =
Oj IA_:-‘_T-‘-:-Ir : : T : T T T T T T T T T | 0— - = : ; B 400:— _:
% 15_ l _t_ _i; E % 157 l ‘ E L [ N R T N T N N N N A AR N : L E
3 1%@«&‘(‘%33\ \wk\\w# # M R \\\\\\\\\\\\\\ \\\\\\\ 1000 1500 2000 2500 3000
(D“ 05: e glg gy g 1y gy I | | - g 05: L1 | | L1 1 | I \ [ mz’ [GeV]
50 100 150 200 50 10
m; [GeV] m, [GeV]
) . .
Masses of the Z’ are excluded up to 2.8 TeV depending on the choices for other
ATLAS CONF-2018-39 model parameters.
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New phenome

na in dijet

If there is a mediator that couples to quarks and DM then we
can forget about the DM and look for the mediator. Many
BSM models that predict dijet excesses (Quantum black
holes, excited quarks, and W' and Z' bosons)

q

q

Standard dijet search sensitive to m; 2 1 TeV limited by

trigger thresholds.
g g
g
Zl
g g

At Z’ masses below ~ 200 GeV, resonance

jets merge in large-R jet

2 high p_jets, m;is the
discriminant, search for bump
(resonance) on a smooth, falling
background. Background
modelled by a parametrized
function.

Trigger on ISR jy
Ex(})>380, Ex(y)>140
Jets from 3

resonance can
be much softer

- - -
o (=) Q
™ w 'y

_‘
N O N o

N ON

ATLAS-CONF-2019-007

— —
ATLAS Preliminary

2
§10a
W o7 {s=13 TeV, 139 fb"
« Data
10° Background fit

BumpHunter interval
—o-@,m =40TeV
qr, m:, =50TeV

i, CpRER
TR e ‘*fe%]

g%, ax0.1
p-value = 0.8

—flt-'

1 Fit Range: 1.1 - 8.1 TeV =

B ly*|<0.6 3

107 g | | E

B L ; . | P . L I . E

8 27 —]

=

So _|§

= 3

&JQ; -2 h L I I | 1

2 3 4 5 6 7 8

m; [TeV]
| ATLAS —e— Data, 76.6 fb™, =1
E (s=13TeV combined trigger E
F 2b-tags Background fit 3
ERE ——Z,0x15 .
E o eelgy Sy, m, =550 GeV,g =01 —
B i e 344 BH p-value = 0.63 1
= T ey, Sel v p-value =0.63 o
[ BH p-value = 0.97 === ,:‘;:.'- %2 p-value = 0.52 —|
E_xz p-value = 0.77 el DUDD'::..E . _E
F —s— Data, 79.8 fb™, "'—'Dﬂ:n';i . 3
E single-photon trigger 'F‘@é‘:’?l s
E- Background fit 7 pend ‘ﬁ;
F ——Z,0x15 L|"L]|ﬁ,|_
E m,, = 250 GeV, g, =0.1 %

]

= , — 5
\ —

200 300

400 500 600 700

Recent results from resolved dijet system. SM physics

provides the boost, so the recoiling object is model-

independent. Photon+dijet including new b-tagged
channels.
Phys. Lett. B 795 (2019) 56, ATL-CONF-2018-052
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New phenomena in dijet

X
It is also possible to use a Trigger-level search, with '
dedicated data stream, to go down to 450 GeV
X
U)U_ 1 _E T T T T T T LI | ] LU l'IlIllIIllIIlI]l[l]II[;III -
. ATLAS Vs =13 TeV, 3.6-37.0fb " 95% CL upper limits
[ 1/m,=015_______ r] T st::t’jj
0 5 | I'/m_=0.1 '
. pt Dijet 8 TeV . C
tI. § ke B AR, ® Coupling values above the solid lines
Resolved —— Boosted dijet + ISR excluded, as long as the signals are
0.3 [dijet + ISR () = (R .l AT h to be detected Usi
(Preliminary) — Resolved diet + ISR (1) Pharrow enom;]g 0 be detected using
B Di-b-jet, | AiRsconrsoisne ese searches.
02 trigger, —— Resolved dijet + ISR (j)
'I’ Prnlmnn'}'.wﬁﬁsl_
—lat ® The boosted dijet+ISR analysis has
dijet + ISR (j) 2-&.33}.13.1 b’
0.1 |— Boosted (Preliminary) e g the best reach for low masses,
. | — Boostec — —— Dijet . .
[ dijet + ISR - :;_;,-'i‘??_..-?-u o excluding mediator at ~100 GeV
— il — —gz_rgisonances
| Axial vector mediator Y72/ <03 7 ;}-J,:;‘-’-C“m'*"“ﬁ ® Mediator excluded at ~ 2.6 TeV
0.05F Dirac DM Dijet TLA, |y;. < 0.8 ] P S
0.04F ™= TRTeY, 9= 10 Dijet angular
0 03 | 1 1 L L T B ||||||||||||||||||||||||||.|,|.|.|.|_|_|,||L|.|,|,| iz'z‘bn”'ngﬁ'nsmm'm'?'
7100 200 1000 2000

my. [GeV]
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High-mass resonances decaying into leptonic states

New spin-1 vector bosons (W’, Z’) explored

Sequential Standard Model (SSM)

* W’/Z’ couples to fermions with the
same strength as SM W/Z.

q
>WW’W<
* Couplings to W/Z are ignored. q

- E6-motivated Grand Unification model —

* Provides generic framework with q

* Two Z’s (27, Z”y) are predicted. ‘ q 2 0
~ Heavy Vector Triplet (HVT) model !
e/ 16

w
¢ 10°E ATLAS
o V\s=13TeV, 139 fb™’
7 1
e/“' 46 W’ — pv selection -TOE quark
10° [
E [ Diboson
10° [ Multijet
Ve/Vg 10*
10°
107
c/u

couplings of W’/Z to fermions and Higgs. £ 13
S os8F
> - ATLAS 54
o 10 2=1
o is =13 TeV, 139 fb’” EE | SesssesssssIus NP RPN
< 10? 588 : R i 4 TV
£ 200 300 1000 2000
o 2 Transverse mass [GeV]
& 10
10 e Data '
Background-only fit i
1 --== Generic signal at 1.34 TeV, I/m = 0% '. L limit [T V]
»»»»»»» Generic signal at 2 TeV, I'/m = 0% =5 P ower limits on mz: [ 1€
107 -.-+ Generic Signal at3 TeV,I/m = 0% N } * m(W/) lower limit [TeV] Model ee U ‘ V44
- N [ Decay  Observed  Expected
B 4_+ : + T 0 %) obs exp | obs exp | obs exp
== 2 -1 . . ’
g RIRRRTRL LRI TR R R TR TRITIR. TR K. VRN S SRR Z, 41 43[40 40|45 45
& ORI +++*+*++#+* I 1 Wow 51 5.1 7, |46 46|42 42|48 48
s -4 T P PNTIT W' — lv 6.0 5.8 Zivm |49 49145 45|51 5.1
Mge [GEV]

Highest ee event mass 4.06 TeV

arxiv:1906.05609 / arxiv1903.06248

Sequential Standard Model
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Search program for long-lived massive particles

Multiple reasons to be long-lived: small couplings,
compressed mass spectrum, highly virtual intermediate

states, R-parity violating models,R-Hadrons
p

=k

Pixel Layer-2

Track

Pixel Layer-1

Pixel B-Layer

& Secondary Vertex

& Required Hits

Allowed Hits
+ Forbidden Hi

its

- -
-
- /! IBL "
wt 23k "
-
~ -~ H
t oy
i P 23k
o = Events with displaced vertices
LLP decays occurring at 4 mm <r < 300 mm from the PV
ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary
Status: July 2019 [Ldt=(184-36.1)fb" V5=8,13 TeV
Model Signature  [Ldt [b™'] Lifetime limit Reference
o RPVAQ = eorjeufunr dspiacedeponpar 203 | ieime [ i a9 ) 100 | 150405162
He avy neutral le pto ns ( HNL ) 1B C comr - 26 depacevicejos 203 |veme ot ta 10w | tsoscstee
. GGM S - ZG displaced dimuon 329 |} lifetime 0.029-18.0m m(g)=1.1TeV, m(x})=10TeV 1808.03057
Prompt muon from the W boson + displaced vertex (DV) | o= e
. AVSB pp - iQxix;  dsappearingtiack 208 | x? letime o ozsom mlxt)= 450 Ge 1310.8675
with low p_ tracks leptons. Approx. 0 background search & ws.icic s s |
T P AMSBop o ailaix  lgepheldEiGx 184 | xf letme © isieom )= 450 GeV 1506.05332
Stealth SUSY 2 MS vertices. 36.1 | §lifetime 0.1-519 m B(g — 5g)= 0.1, m(#)= 500 Ge\ 1811.07370
o % i i i T i i K i T i g g E T ; i ] : T : i j1 y d Split SUSY large pixel dE/dx 361 | glifetime >09m m(#)=1.8TeV, m(x?)= 100 GeV 1808.04095
2 1 073 = ATLAS {s=13 TeV, 32.9-36.1 fb — Split SUSY displaced vix + E7 328 | g lfetime 003-132m m()=1.8TeV, m(x})= 100 GeV 1710.04901
— 95% CL exclusion —
= =l Split SUSY 06,2-6jets +EM* 36 it .0-2: ()= 1.8TeV, m(x2)= 100 GeV | ATLAS-CONF-2018-(
- —— Observed (prompt, LNV) x| i Lathecie 1 | 0021m )= 18To. m(x3)= 100 2018003
~ Observed (displaced, LNV) =l Hoss low-EMF trkcless jets, MS vix36.1 | s ffetime 018-120m m(s)= 25 GeV. 1902.03094
= isplaced, LN =
A o::::":: (displaced, LNC) T § FRVZ H — 2y + X 2e- u-jets 203 |FIHRE 0-3 mm m(y)= 400 MeV 1511.05542
1 0 = Expected * 16 El l, FRVZ H — 2y4 + X 2 e, -, 7-jels 361 | v lifetime: 1.5-284 mm m(ys)= 400 MeV CERN-EP-2019-140
= [ Expected + 26 | @ FRVZH - 4y + X 2 e-,p-, 7-jots 361 | ya lietime 37178 mm m(ya)= 400 MeV CERN-EP-2019-140
= = § H= 2424 displaced dimuon 329 Z4 lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057
I &l Ho 2z, 2e, 4+ low-EMF trackless jet36.1 | Zq lifetime 02152m m(Zy)=10Gev 1811.02542
o oJf et
1 0 = E VH with H — ss — bbbb 1 - 2( + multi-b-jets 36.1 slifetime  0-3 mm B(H - ss)=1, m(s)= 60 GeV 1806.07355
E E E ®(200 GeV) — s low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m o x 8= 1pb, m(s)= 50 GeV 1902.03094
i Tl g ®(600 GeV) — s low-EMF trk-less jets, MS vix 36.1 s lifetime 0.04-21.5m & x B=1pb, m(s)= 50 GeV' 1902.03094
e = (1 TeV) - ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4m o x B=1pb, m(s)= 150 GeV| 1902.03094
-6 ‘ [RENSIEE ! i i L !
1 O 1 0 20 30 40 50 HY Z(1 TeV) = avay 2 ID/MS vertices 203 | slifetime X T xB=1pb, m(s)= 50 GeV 1504.03634
5
mN [G eV] g HY Z/2TeV) - avav 2 ID/MS vertices 203 | slifetime i “ oxB=1 plb. m(s)= 50 GeV 1504.03634
0.01 0.1 1 10 10 cr [m]
2= & L 1 1 1
ifetime has a dependence on coupling strength and m_ e : HEb
*Only a selection of the available lifetime limits is shown. :
7 [ns]

arXiv:1905.09787, ATLAS-CONF-2019-006
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Search for exotic particles

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: May 2019 JLdt=(32-139)fb! Vs=8,13TeV
Model t,y Jetst ET™ [rdtim] Limit Reference
T T — T T T — T T T T —T
ADD Gkk +g/q Oepu 1-4j Yes 36.1 Mp 7.7 TeV n=2 1711.03301
ADD non-resonant yy 2y = = 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
ADD QBH = 2] = 37.0 My 8.9 TeV n==6 1703.09127
ADD BH high ¥’ pr >lepu >2j - 32 | My 8.2 TeV n=6, Mp = 3TeV, rot BH 1606.02265
ADD BH multijet - > 3j - 36 | Mg 9.55TeV n=6,Mp=3TeV,rotBH 1512.02586
RS1 Gyk — vy 2y - - 36.7 | Gkk mass 4.1 TeV k/Mp =0.1 1707.04147
Bulk RS Gk — WW/zZ multi-channel 36.1 Gik mass 2.3 TeV k/Mp; = 1.0 1808.02380
Bulk RS Gk —» WW — qqqq Oe,u 2J - 139 Gk eV k/Mp; = 1.0 ATLAS-CONF-2019-003
Bulk RS gkk — tt leu >1b,>1J/2) Yes 36.1 gkK Mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP le,p 22b23j Yes 361 KK mass 1.8 TeV Tier (1,1), B(AMD - tt) =1 1803.09678
SSM Z’ — ¢t 2epu . = 139 1903.06248
SSM Z" — 17 2T = = 36.1 Z' mass 2.42 TeV 1709.07242
Leptophobic Z — bb - 2b = 36.1 Z' mass 2.1 TeV 1805.09299
Leptophobic Z’ — tt lepu >1b,>1J/2) Yes 36.1 Z’ mass 3.0 TeV r/m=1% 1804.10823
SSM W’ - ¢v lepu - Yes 139 CERN-EP-2019-100
SSM W’ — 7v e = Yes 36.1 W’ mass 3.7 TeV 1801.06992
HVT V' — WZ — qqqq model B O e,u 2J = 139 | oY GATE VA ev=3 ATLAS-CONF-2019-003
HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv=3 1712.06518
LRSM Wg — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM Wg — uNg 2p 1J - 80 | Wgmass 5.0 TeV m(Ng)=0.5TeV, g, = gr 1904.12679
Cl qqqq = 2j = 37.0 A 21.8TeV 71 1703.09127
Clttqq 2e,pu - - 36.1 A 40.0 TeV 7, 1707.02424
Cl tttt >teu 21b21j Yes 361 A 2.57 TeV |Cael = 4m 1811.02305
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mumed 1.55 TeV 84=0.25, g,=1.0, m(x) = 1 GeV 1711.03301
Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 1.67 TeV g=1.0, m(x) = 1 GeV 1711.03301
VVyxyx EFT (Dirac DM) Oe,pu 1J,<1j  Yes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes 36.1 my 3.4 TeV y=04,1=0.2, m(y) = 10 GeV 1812.09743
Scalar LQ 1%t gen 12e >2] Yes 36.1 LQ mass 1.4 TeV A=1 1902.00377
Scalar LQ 2" gen 12u >2j Yes 36.1 LQ mass 1.56 TeV B=1 1902.00377
Scalar LQ 39 gen 27 2b - 36.1 LQ; mass 1.03 TeV B(LQY - br) =1 1902.08103
Scalar LQ 39 gen 0-1eu 2b Yes 36.1 LQ‘; mass 970 GeV B(LQY - tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X multi-channel 361 [ Tmass 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 Tsj3| T3 » Wt + X 2(SS)/28 e 21b,21) Yes  36.1 Ts/3 mass 1.64 TeV B(Ts;3 > W)= 1, c(To;sWe)= 1 1807.11883
VLQ Y — Wb+ X lepu 21b>1j Yes 361 Y mass 1.85 TeV. B(Y - Wh)=1, cg(Wh)=1 1812.07343
VLQ B — Hb+ X Oeu,2y >1b,21j Yes 798 |Bmass 1.21 TeV kg=05 ATLAS-CONF-2018-024
VLQ QQ - WqWq Ten 4] Yes 203 |G 1509.04261
Excited quark g* — qg = 2j - 139 |TETaES e e b e 7 0 i el 0 1 G 7ATB V) only u* and d*, A= m(q") ATLAS-CONF-2019-007
Excited quark ¢* — qy 1y 15 - 36.7 Q" mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
Excited quark b* — bg - 1b,1j - 36.1 2.6 TeV 1805.09299
Excited lepton ¢* 3eu = = 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eut - - 20.3 A=1.6TeV 1411.2921
Type 1l Seesaw lepu >2]j Yes 79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2 TeV m(Wg)=4.1TeV, g, = gr 1809.11105
Higgs triplet H** — ¢¢ 234eu(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
Higgs triplet H** — ¢ 3eut - - 20.3 | HEmass 0 400Gev DY production, B(H;* — (1) =1 1411.2921
Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673
Magnetic monopoles - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
V_=13TeV Ll L 1 0ol 1 L TR | L 1 PR
partial data 107! 1 10
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
ftSmall-radius (large-radius) jets are denoted by the letter j (J).
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Search DM

Dijet searches can exclude
mediator masses between 50 GeV
and 2.7 TeV for almost whole DM
mass range.

Big picture change with the choice
of couplings.

Dijet and Mono-X constrains
weakened if g, = 0.25 - 0.1

m, [TeV]

m, [TeV]

L

77

hobic

7

U

TR

0,gx=1

ediator, Dirac DM -

== Dijet
Dijet¥§ = 13 TeV, 37.0 fb"!
PRD 96, 052004 (2017)
Dijet TLA¥S = 13 TeV, 29.3 fb!
PRL 121 (2018) 0818016
Dijet + ISR ¥S = 13 TeV, 155 fo'!
Preliminary ATLAS-CONF-2016-070

= tf resonance

Ys=13TeV, 36.11b"
EPJC 78 (2018) 565

B8 Dibjet
Ys=13TeV, 36.11b"
PRD 98 (2018) 032016

L S ¢
ET*+y¥5 = 13TeV, 36.1 o'
Eur. Phys. J. C 77 (2017) 383
ET+jet ¥5 =13 Tev, 36.1 10"
JHEP 1801 (2018) 126
ET*+Z(I) ¥ = 13 TeV, 36.1 fo!
PLB 776 (2017) 318
- ET™*+V(had) ¥5 = 13 TeV, 36.1 o'
JHEP 10 (2018) 180
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gq=0.1,g|=0.1, | = 1
All limits at 95% CL

Axial-vector mediator, Dirac DM_—

7] = Dilepton

¥s=13TeV, 36.1 10"
JHEP 10 (2017) 182

== Dijet
Dijet ¥s = 13 TeV, 37.0fb™!
PRD 96, 052004 (2017)
Dijet TLA¥S =13 TeV, 29.3 fb!
PRL 121 (2018) 0818016

— —Miss
Er+X
EM+y¥5=13TeV,36.1 10"
Eur. Phys. J. C 77 (2017) 393

ET*+jet ¥5 = 13 TeV, 36.1 fb”!
JHEP 1801 (2018) 126
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Comparison to direct

Collider

detection x

121

Indirect

Rates of DM production are used to calculate
(model dependent) interaction cross sections of
other processes involving DM particles.

Strong limits for low-mass DM-nucleon cross
section.

Collider limits stronger than direct detection for
spin-dependent interactions.

Model dependent comparisons, different for
different coupling values.
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HL-LHC & ATLAS

LHC HL-LHC

LS1 L2 14 Tev 14 Tev

13 TeV —————————————— energy
; At injector upgrade o Sto7x
splice consolidation Cryo RF P4 cryolimit HL-LHC nominal,
7 TeV 8 TeV button collimators P7 11 T dip. coll inferaction : E luminosity
T 0 R2E project Civil Eng. P1-Ps regions installation
2011 2012 2013 2014 2015 2016 2018 2019 2020 2021 2022 2023 2024 2025 2026 Illllllw
ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes : 2.5 x nominal luminosity upgrade phase 2
gg;ﬁin&\ nominal luminosity M ALFCE = !;HCb — =
upgrade

Bl integrated
m m 3000 fb Ium?ncasityr

Luminosidad nominal =1 x 10*cm2s™

ATLAS upgrades include

® DAQ and trigger systems (L1 and HLT - 10 kHz)

® Inner tracker (ITk): new all-Si tracker with |n|<4.0

® Electronics upgrade for LAr and Tile calorimeters,
muon system

® New muon chamber in the inner endcap region |

* High granularity timing detector in endcap 30 ps DN R
timing resolution <> ~200 tf events
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Physics prospects HL-LHC

+

production, tanfi =5, 1> 0 Pure Higgsino
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Large tracking improvements
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- Axial-Vector Mediator
L exp. sys. «1/2, th. sys. x1/2

L Dirac Fermion DM

exp. sys. x1, th. sys. x1

95% CL limits
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Projection from Run-2 data
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With 3000/fb, the discovery potential and
the exclusion limits on the mediator mass
are 2.5 -3 TeV depending on uncertainties
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Conclusions

¢ Very extensive set of BSM analyses but no evidence for any new physics yet
-~ masses in simplified models reaching the natural 2 TeV limit

¢ Up to now searches in ideal models based on simple BR assumption and
straightforward parameter values
= unexplored phase space for lower masses in more complicated scenarios

e In the near future more data is to be added (~150 — 300 — 3000 fb™)

= many unconventional signatures and models to be explored

= not only accumulate luminosity but improvements in performances and new
analysis strategies and techniques

straightforward
unconventional
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