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INTRODUCTION & OUTLINE

o After the discovery of the Higgs in 2012 ATLAS has greatly intensified the search program for signs of physics
beyond the SM and 1n particular for Dark Matter

o exploiting the increase 1n data statistics from LHC Run 2

e engaging the problem from several sides: indirect searches from precision measurements, direct search for
DM particles or DM mediators, searches for non-WIMP DM ...

e In this summary selected results on:
e highlights on most recent ATLAS results: precision measurements, top, Higgs, searches
o review of the status of the searches for signals from Dark Matter

e future prospects

NOTE: impossible to cover in detail everything here. A full updated list of results from ATLAS available in:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic



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

The Large Hadron Collider 1s a multipurpose and flexible machine

Run 2 (2015-2018):

- 156 fb-! of proton-proton interactions delivered at /s = 13 TeV
- Heavy Ions (2.3 nb-? @ 5 TeV Pb-Pb, p-Pb, Xe-Xe), low-pileup p-p, p-p for diffractive physics 3
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-021/

- 1mproved physics capabilities
- achieved excellent reconstruction performance

up to very large pileup values (x3 above 2m \ N
design) \ |

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detector .

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transifion radiation tracker

Semiconductor tracker

widespread use of machine learning techniques for
particle reconstruction & identification -

dedicated algorithms/calibrations for specific physics with H=.65
cases (low-pr leptons, hadronic taus, b-tagging,
boosted hadronic objects, ...)




AILAS-MUON-2019-03

RECONSTRUCTION PERFORMANCE ~ “i:

already reached sub-percent precisions in a large pr range for jet, b-tagging and lepton
reconstruction. Additional improvements expected soon
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data-driven calibrations for muon efficiency and energy calibration of standard particle flow jets 6
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OBSERVATION OF VECTOR BOSON SCATTERING
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TOP PRECISION PHYSICS

NEW PRECISION TOTAL X-SECTION MEASUREMENT ATLAS-CONF-2019-041 CHARGE ASYMMETRY MEASUREMENT ATLAS-CONF-2019-026
oz = 820 £ 20 pb 2.4% uncertainty due to state of the art - resolved and boosted top-quark decays in lepton+jets events
6(NNLO) = 832 + 45 pb reconstruction performances for e/p - asymmetry at LHC from higher order QCD effects from ggbar and

B qg initial states
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EXPLORING DIFFERENTIAL X-SECTIONS

high-precision measurement of differential Zy
diboson cross sections, probing EW gauge
structure of SM and tests QCD
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Higgs differential cross section measurements: H—=yy and H—=ZZ* =4l
- well described by POWHEG NNLO+PS up to 1 TeV

- constrain EFT parameters and charm Yukawa coupling — NP effects

ATLAS-CONE-2019-032 10
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PROBING NP WITH HIGH PRECISION HIGGS MEASUREMENTS

higgs sector directly connected with most important open g
questions of the SM: naturalness, vacuum stability & energy, ;
flavour &>

‘\_:L

a broad experimental programme that will extend till the end
of HL-LHC ...

major progresses 1n the last year:

-observation of H—bb decay
-observation of ttH and VH productions

Ke OF |k,

all major production and higgs decay modes now observed
Higgs couplings measured at 10-20% precision
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PROBING NP WITH HIGH PRECISION HIGGS MEASUREMENTS

next frontier: test higgs interactions with lighter generation fermions
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HIGGS SELF INTERACTIONS
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HIGGS SELF INTERACTIONS & NP

kn @ HL-LHC
ATLAS and CMS 3000 fb™' (14 TeV)
—~ 12
:C'/ : | HL-LHC prospects f
Cﬂ 10__ + —e— ATLAS
' i —— CMS
- * —e— Combination
8_
sl
s\ [ Atree.” [ 95%
ol
I | S 4 68%
I \
OIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
2 1 0 1 2 3 4 5 6 7 8

K
- can observe HH production at 40

-can measure kx with 50% uncertainty

arXiv:1902.00134 [hep-ph]
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-search for HH production in 4b channel
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-data-driven backgrounds using mpp sidebands
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ATLAS NEW PHYSICS both signature-based and model-targeted searches
SEARCHES SUMMARY probed masses in the 1-10 TeV range

ATLAS EXxotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary
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ADD Gkk + g/q Oeu 1-4j Yes 36.1 Mp 7.7 TeV n=2 1711.03301
‘@ ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n=3HLZNLO 1707.04147
.©  ADDQBH - 2j - 37.0 | Mu 8.9 TevV .
i . * - -
€ ADD BH high 3 pr slew  22) - 32 |My 8.2 TeV ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
£  ADD BH multijet = >3] - 36 | My 9.55 TeV July 2019 Vs =13 TeV
S RS1 Gkx — vy 2y - - 36.7 Gkk mass 4.1 TeV ian r dt [fh-! ..
S | BukRS Gex — WW/ZZ ulti-channel O ———— SENED Model Signature  [Lar[b7 | Malss I|nl1|t ——— | | _ Reference
§3 Bulk RS Gxx —» WW — qqqq Oe,u 2J - 139 Gkk mass 1.6 TeV e . 0 0 : miss =0
, L G— en 2-6jets Ey" 36.1 1.55 m(¥})<100 GeV 1712.02332
W Buk RS gkx — tt lTeu >1Db,>1J/2) Yes 361 | &k mass 3.8 TeV " 4.g4en mono-jet  1-3jets EMS 361 0.71 m(@)-m(@})=5 GeV 1711.03301
> >3] .
2UED/RPP ten 22b, 23] Yes 36.1 Smess IEGRE % 28, gqqqf? Oe,u 2-6jets  ET 36.1 g ‘ 2.0 m@3)<2oo GeV 1712.02332
SSM Z’ — ¢¢ 2 e, u _ _ 139 Z’ mass 5.1 TeV E g Forbidden 0.95-1.6 m(X,)=900 GeV 1712.02332
n SSM Z" - 17 27 - - 36.1 Z’' mass 2.42 TeV 8 32, —qa(LOY) e 4 jets _ 36.1 g 1.85 m(/\7?)0<800 GeV 1706.03731
S Leptophobic Z’ — bb _ 2b _ 36.1 Zhass 21 TeV © ee, pu 2jets  EP™ 361 |2 1.2 m(g)-m(¥1)=50 GeV 1805.11381
@  Leptophobic 2% — tt leu >21b,>1J/2) Yes  36.1 Z’ mass 3.0 TeV B g2 gogqWZN Ocpu  7-11jets EP™ 361 |2 1.8 m(¥}) <400 GeV 1708.02794
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> @ VLQ BB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV XX via Wh 0-1e,u 2b/2y EMS 139 | X /Xy  Forbidden 0.74 m(¥})=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
g E VLQ T5/3 T5/3| T5/3 - Wt+ X 2(SS)/>3 e,u >1b, >1 j. Yes 36.1 Ts/3 mass 1.64 TeV g ‘g /\711/\7?‘ via 7, /7 2eu E;l_ﬂss 139 /ﬁ 1.0 m(?,?)=0.5(m(/\711)+m(/\7?)) ATLAS-CONF-2019-008
I 8_ VLQY - Wb+ X leu =21b>1j Yes 36.1 Y mass 1.85 TeV W % %7, i) 27 Emss 4139 | * [ R L] N0H6:0!8] 0.12-0.39 m(¥)=0 ATLAS-CONF-2019-018
VLQ B - Hb+ X Oeu,2y 21b,>21j Yes 79.8 B mass 1.21 TeV ZLRrOLR, g_)g)?(]) 2e,u 0 jets E¥iSS 139 7 0.7 m(t})=0 ATLAS-CONF-2019-008
VLQ QQ — WqWgq Teu 24]  Yes 203 [lQmESSEes0cev o 2e.p >1  EfY 139 7 0.256 m(@)-m(¥})=10 GeV ATLAS-CONF-2019-014
. @ Excited quark g* — qg _ 2j _ 139 |'q*mass 6.7 TeV AA, A—hG[ZG ge,/z 3.3119 g;‘: 36.1 & 0.13-0.23 0.29-0.88 BR(E) — 1G)=1 1806.04030
S Eci . . - e, i jets T 36.1 a 0.3 BR(Y] — ZG)=1 1804.03602
JClES) xcited quark g* — qy 1y 1]j - 36.7 q* mass 5.3 TeV
S E Excneg Tquark b{’j — bg 3 - 1b1] - 36.1 b* mass 2.6 TeV 2 @ Direct ¥} ¥] prod., long-lived X7 Disapp. trk ~ 1jet  EM® 361 |if 0.46 Pure Wino 1712.02118
Excited lepton v* Seut - - 20.3 OE  stable z R-hadron Multiple 36.1 |z 2.0 1902.01636,1808.04095
S
Type |ll Seesaw 1eu >2j Yes 79.8 N mass 560 GeV 3 2 Metastable g R-hadron, g—>qq/\7? Multiple 36.1 m(¥))=100 GeV 1710.04901,1808.04095
LBSM Majoranf+v 2p 2] - 36.1 Ng mass 3.2 Tev LFV pp—¥; + X, vr—ep/et/ut ep,et Ut 3.2 A5,,=0.11, A132/133/233=0.07 1607.08079
S H!ggs tr!plet H; — 234eu(SS) - i 361 H™ mass SitiCel) XiXT XS — Ww/zeeetyy dep Ojets  EP™  36.1 m(¥1)=100 GeV 1804.03602
= ngg's triplet H** _’ {r et - - 20.3 _ 23, g_,qq/\??,/\"/? - qqq 4-5 large-R jets 36.1 Large 4}, 1804.03568
o Multl-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV E Multiple 36.1 m(¥1)=200 GeV, bino-like ATLAS-CONF-2018-003
Magnetic monopoles . . - 34.4 | monopole ma:ss | =l I O 77 i), X - 1bs Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
Vs =13 TeV Vs =13 TeV SE— : 1 : e — f\f1, [ —bs 2jets+2b 36.7 1710.07171
partial data full data 107! 1 10 fii, fi—ogl e 2b 36.1 BR(T, —be/bu)>20% 1710.05544
1u DV 136 BR(7, —q)=100%, cos,=1 ATLAS-CONF-2019-006
L L L L L L L L I L L L L L
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

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



DIRECT SEARCHES FOR DM@LHC

at LHC we need something visibile to detect
invisibile things ...

DM LHC/COLLIDERS PARADIGM

g,Y,HVt
1f in some way DM particles interact with ordinary Y o
particles LHC can in principle produce them MONO-X SEARCHES
SM DM SM DM
ASSOCIATE
PRODUCTION OF
PP — DM WITH SM
PARTICLES
SM DM |
SM SIM
- DM MEDIATOR
SEARCHES




DM BENCHMARKS

MODEL
COMPLEXITY

q

D‘!
8

X(my)

EFFECTIVE FIELD THEORIES

SIMPLIFIED MODELS

COMPLETE THEORIES

valid as long as we can
integrate out higher-scale
physics (mediator)

able to capture common
aspects of different models
depends on few parameters
easy to compare with direct

detection experiments

UV-complete models (ex. SUSY)
results more sensitive to
specific models but also more
model dependent
17



MONO-X SEARCHES

Search strategy:
- look at ISR objects recoiling against DM system (MET)

- s » & — larger signal yield 1in case of mono-Jet
- most sensitive channel for vector mediator DM

q g X
9qx
g
9ax

q X

Benchmark models:

- s-channel exchange of spin-1 mediator with axial-
vector (vector) couplings

- t-channel scalar coloured mediator, spin 0

- sensitive to many other BSM scenarios

N/
JHEP 01 (2018) 126

T

O/VM

> . I

o 10 E_ATLAS

P ~ Ys=13TeV, 36.1 fb”

o 10° g—Z(—mu) Control Region

0 = p,(i1)>250 GeV, E"">250 GeV
102

data-driven

¢ Data 2015+2016
44444 Standard Model
B Z(— vv) +jets
R W(— Iv) + jets
T Z(—= ) + jets
B i + single top

B Diboson
backgrounds 10
((W/Z—1/vv)+jets)
from orthogonal control
regions 10"
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https://arxiv.org/abs/1711.03301

RESONANCES (DIJET/DILEPTON) SEARCHES

. . . _ . . . q jet/lepton,
1f the DM mediator couple to quarks or leptons in addition to mono-X signals 1t will also Ry
affect di-jet /di-lepton spectra i
- check the di-jet / di-lepton invariant mass distributions against expectations from SM processes Ja: Iom
- search for “bumps” in the m;j;/my, describing background shapes with smooth functional forms
- probed jets and leptons with transverse momenta up to multi-TeV Jet/';fﬂt"”'
9
do ) t 49 % | T T T | . |. T T % "g 107=E ATII-AS I I I I T 1 | . D;ta | | ;: d. l
1-]€ G 10° ATLAS Preliminary 4 T 10°E (5= ’ = , di-electrons
S = y = I 10°g Vs= 13 TeV, 139 1b | Bl Topquarks
LLI 107 Vs=13 TeV, 139 fb ] s Dielectron search selection [ Diboson 3
f . Data § 10 [ Multi-jet & Wajets g
10° Background fit —= 10% B e o0
sF — BumpHunter interval = O
N 107 - g5,m_ =40TeV S —~
S 10¢ - q*, mz* =5.0TeV g
g 10° = = N
N\ 102 = — O
N - - ~
= 10 q%, o x0.1 .-
S = p-value = 0.8 E QQ
© 1E~ Fit Range: 1.1-8.1 TeV I = g
N LF ly'l<06 = Y
<C 107 = — 9
~J — I | I I =
— o of | ' | | = .
< S = 2
S — D
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A DI-JET
EVENTS SEEN
IN ATLAS

Run 2 2017
Vs = 13 TeV

m; = 9.3 TeV
jet pr 2.9 TeV

EXPERIMENT

Run: 329716
Event: 857582452
2017-07-14 10:48:51 CEST




RESONANCES (DIJET/DILEPTON) SEARCHES

.E | I | ! I | | | | | | | | I I .
E10° ATLAS 1s-13Tev, 203" =5 LOWER MASS: TRIGGER LEVEL ANALYSIS
) = —e— Data -
- — - : -
Lcl'>j.|o7 ;MN - gﬁfrtf;l%unr’::rf::]terval _E O 1 _I ! T T T T T T [T TTTTTTTTT Illllllllllllllllllll
- L.-L.'l-.1 o= Z,m, =750 GeV 7 ATLAS Pl’ellml \> ry \[_ =1 3 TeV 3 6 80 5 fb 95% CL upper limits
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https://arxiv.org/abs/1804.03496
https://arxiv.org/abs/1901.10917

m, [TeV]

COMBINATION

bounds on DM-mediator mass plane from

VECTOR MEDIATOR
1.6

LI 1 AR ™)

L ATL Sl’rellmlnelry I i

1 4[-Vs = 1|3 TeV, July|2019 %@.{f _:
l.ep bb resq | j:
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0.8f _:
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0.4 -
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0-2__/-..-"' ol 9,:0259=0,9g =1
Fj { ” - - Al limits at 95%CL i
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my [TeV]

Vector Mediator (g,=0.25,9=0,gon=1)

— Dijet
Dijet, 37.0 fb™
PRD 96, 052004 (2017)

Dijet TLA, 29.3 fb™
PRL 121 (2018) 0818016

Dijet+ISR, 79.8 fb™
PLB 795 (2019) 56

Boosted dijet+ISR, 36.1 fb™
PLB 788 (2019) 316

Boosted di-b+ISR, 80.5 fb™
ATLAS-CONF-2018-052

— tt resonance

36.1 fo
EPJC 78 (2018) 565

— bb resonance

36.1 fb™
PRD 98 (2018) 032016

B E1n_1iss+x

ET*+y,36.1 fb!

Eur. Phys. J. C 77 (2017) 393
ET**+jet, 36.1 fb”

JHEP 1801 (2018) 126
ET**+2Z(Il), 36.1 fb'

PLB 776 (2017) 318
ET**+V(had), 36.1 fb!

JHEP 10 (2018) 180

m, [TeV]

mono-X and di-jet searches

AXIAL-VECTOR MEDIATOR

1.6_ 2 ';' /I N W | I/.‘,o L V4 ' _
S ATLAS Prellmmar/y e /i
AT -
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IMPORTANT: ALL INTERPRETATIONS HIGHLY DEPENDENT ON ASSUMPTIONS!

— Dilepton

139 fb™
PLB 796 (2019) 68

= Dijet
Dijet, 37.0 fb
PRD 96, 052004 (2017)

Dijet TLA, 29.3 fb
PRL 121 (2018) 0818016

— ET'4X
ET**+y,36.1 0"
Eur. Phys. J. C 77 (2017) 393
ET*+jet, 36.1 fb'
JHEP 1801 (2018) 126
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o, (x-nucleon) [cm®]

COMPLEMENTARITY WITH DIRECT SEARCHES

VECTOR MEDIATOR

107
107"
107
107
107"
107*
107%
107*
107
107
107

107%°

1 10

== Dijet

Dijet fs = 13 TeV, 37.0 fb
PRD 96, 052004 (2017)

Dijet TLA fs = 13 TeV, 29.3 fb™
PRL 121 (2018) 0818016

Dijet + ISR s = 13 TeV, 155 fb™

| IIIl[||I | I|_|_|_|,[ﬁ

! TLAS\

tt resonance

- {t resonance
fs=13TeV,36.1 fb"
EPJC 78 (2018) 565

B Dibjet
fs=13TeV, 36.1 fb"
PRD 98 (2018) 032016

ET*4X

ET*+y fs = 13 TeV, 36.1 fb”

Eur. Phys. J. C 77 (2017) 393
ET*+jet fs = 13 TeV, 36.1 fb”!
JHEP 1801 (2018) 126

ET®*+Z(Il) fs = 13 TeV, 36.1 fb”
PLB 776 (2017) 318

ET**+V(had) fs = 13 TeV, 36.1 fb
JHEP 10 (2018) 180
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arXiv:1904.00498
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PRL 121, 111302 (2018)
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ATLAS limits at 95% CL, direct detection limits at 90% CL
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PRL 117, 121303 (2016)

- DarkSide-50

ol PRL 121, 081307 (2018)

3 LUX
1 O PRL 118, 021303 (2017)
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10°

ATLAS (95% CL) limits converted in spin independent or spin dependent X-nucleon cross-sections
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AXIAL-VECTOR MEDIATOR
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PLB 796 (2019) 68
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Dijet; PRD 96, 052004 (2017)
Dijet TLA; PRL 121 (2018) 0818016
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— E;7+X
ET"*+y; Eur. Phys. J. C 77 (2017) 393
ET"**+jet; JHEP 1801 (2018) 126
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Phys. Rev. Lett. 116 (2016) 161302
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SCALAR MEDIATOR PROBES: DM + HF

most sensitive channel for spin 0, scalar or pseudo-scalar, color neutral mediator

- looks for final states with top and bottom enhanced S L B DL DL L R I R
o 4 — [ ] D t =
by Yukawa coupling between DM and SM sectors o1 g ATLAS Standard Model 5
L [ (s=13TeV, 36.1fb" 7 - 7
. g - = ; . - i —
-0, 1 and 2-leptons final states 210 sA W <
- final discriminant variables: stranverse-mass and MET O e s {40, m(o) = 100 Gev N tH+Z .
= Fakes/NP
Wi2E | === tt+a, m(a) = 100 GeV — Y =
B Others E
10 | =
SCALAR PSEUDO-SCALAR 1 ' besemwmimnn 3
T [ATLAS 1™ EATLAs ERNRLS
%1035—\s=13TeV et T —= %103‘@=13Te\/,36_1 ' 1 s 2 e e e — _—
< E ______ E < §_ ~ _§ cg ..................................... LSS IS S S S S S ;
I R | _
2 1 AN S i 8 - / _
105— — QObserved = , 0 S S S S U RS
= Al limits at 95% CL - -~ Expected 1 10" E i limits at 95% CL — Observed = 150 200 250 300 350,400
- B —— E™°,bb OL [EPJC 78 (2018) 18] - = === Expected = & [GeV]
- Scalar ¢, ¢ — xx —— E™,1t 0L [EPJC 78 (2018) 18] / — Pseudo-scalara,a— x) ~—— E?fs%rbb OL [EPJC 78 (2018) 18] 7
10£9=979,=1 —— ETt 1L LHEP 06 (2016) 106 4 9=979,=1 :EﬁIﬁi’tffﬁéﬁéﬁigﬁiﬁé - excluded mediator mass up to 45 GeV
-m, =1 GeV, Dirac DM S+t 2L [EPJC 78 (2018) 18] = = 10 §_mx =1 GeV, Dirac DM - E}aSSHTZL [EPJC 78 (2018) 18] p
! - - £ jot JHEP 01 (2015) 126 (scalar) and 15-25 GeV (pseudo-scalar)
j it o errreEb [ Y — ————— | -results do not depend on the DM mass,
: ] ] l ] ] oo ] ] ] : = 1 | | l l Lo | | | E .
m, [GeV. m, [GeV.

Eur. Phys. J. C 78 (2018) 18 24
JHEP 05 (2019) 142



https://arxiv.org/abs/1710.11412
https://arxiv.org/abs/1903.01400

< 0 amas _
DM THROUGH H— INVISIBLE ‘-
10 :_ Run 1 C(,)mb.ined B
- Search for Higgs decaying into WIMPs 8- — Fun 1.2 combined -
- connection with Dark Matter (or general hidden sectors) via Higgs or scalar portals sl -
- SM B(H—=ZZ—4V)~0.12% Al
- most sensitive channel at LHC: VBF , :
: B(H—1nv) < 0.26 (0.17) 2f -
@95% CL ' |

MET measured from
recoiling V or Jet

VH and ggF exp. signature:

14

0.2 0

0.2 0.4 0.6

Bobserved <0.24

H—inv

All limits at 90% CL
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ATLAS
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\s =8 TeV, 20.3 fb”
Vs =13 TeV, 36.1 fb™

Higgs portals
% Scalar WIMP
== Fermion WIMP
Other experiments
Cresst-ll|
== DarkSide50
- LUX
PandaX-ll
« XenoniT

Interpretation in the context of the Higgs Portal model 10 10°
B(H—1nv) — [inv = couplings — cross-section DM-Nucleon

10° 107
Mwwe [GEV]
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ATLAS-CONF-2019-040

S U SY S E A RC H ES ATLAS-CONF-2019-008
AILAS-CONF-2019-031
- a large number of analyses performed or onging in ATLAS, looking at very diverse signatures, two representative ones shown here:

- strong SUSY production in events with large hadronic activity and 0-leptons: sensitive to gluino/squark production
- electroweak SUSY production in events with multi-leptons: sensitive on EWKino production

- dominate 1f squark/gluinos are very heavy
- events with 1 lepton + jets, 2 or more leptons and no jets + MET

- discrimination based on based on stranverse and contransverse
masses: Mr,, Mcr

- dedicated signal regions with ISR jets targeting “compressed”

looks at events with large hadronic activity,
MET and no leptons

cut-based and MVA approaches

- N -0 spectra
gg production, B(g — qq X,)=100°/°
'>— 1800_] LI ' T 1 1 I L | I T 1 1 l | L DL I | L l | L I | L ' | L l | L l—
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SUSY SEARCHES

July 2019 ATLAS Preliminary s=8,13 TeV, 20.3-139 fb
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LIGHT DM SEARCHES THROUGH UNCONVENTIONAL SIGNATURES

unconventional signatures expected in many | Disappearing.or
NP models that can provide viable solutions DiSplagPg kinked tracks

multitrack vertices \=
for DM: Non-pointing

- (converted) photons

-small phase space (ex. mass degeneracy in
compressed SUSY models)

-weak couplings, energy barriers, etc. (ex. dark/ Displaced leptons. Emerding jets
hidden sectors) lepton-jets, or
lepton pairs
Trackless,
. low-EMF jets
a diverse set of signatures analysed in ATLAS: Meta-stable charged
. o ‘ . ricl
most of them requiring special triggers and/or Multitrack vertices in PATEEIN
dedicated reconstruction and non-standard the MUOI spectrometer
analyses ...

here just two examples of such searches ... 23



SEARCH FOR LONG-LIVED NEUTRAL PARTICLES

HEAVY NEUTRAL LEPTONS LIGHT DARK PHOTONS
right-handed Majorana neutrinos give rise to type-I see-saw - expected in many extensions of the SM with hidden sectors
mechanism and provide DM candidates - connection to the hidden sector through kinetic mixing (€)
- looks for lepton number conserved / violated decays with prompt / - SM-dark-sector strength determines lifetime of dark photons
displaced leptons - predict low mass dark photons decays to collimated pair of
" 't electrons/muons/hadrons Hoo \f
W+ 4

/
W
107> —
- A
— | I ' ' I ' ' ' :
D 103 = ATLAS /s =13 TeV, 32.9-36.1 fb” —
— 95% CL exclusion —
— —— Observed (prompt, LNV) — 107°
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arXiv:1905.09787 [hep-ex]; ATLAS-EXOT-2017-28 Dark Photon Mass [GeV]
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PROSPECTS

| ‘ Run 2 ‘

LHC

LS1 EYETS LS2 LS3 14 TeV
13 TeV 13 TeV energy
injector upgrade S5to7 xI
splice consolidation cryo Point 4 limit i nomina
7 TeV 8 TeV button collimators DS collimation icn%orggtlion . HL LH(.: luminosity
R2E project P2-P7(11 T dip.) regions installation }
Civil Eng. P1-P5 e

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

radiation

_ Gemags experiment
upgrade phase 2

experiment upgrade

experiment .
phase 1 —

on?'nal beam plpes nominal luminosity
| |/—U

integrated
lun?ngnosity

NEXT STEPS:
NOW: LS2 PHASE — COMPLETE PHASE I UPGRADES

~2021: RUN 3 — EXPECTED ~300 FB-1 @ 14 TEV
~2024: LS3 PHASE — INSTALL PHASE II UPGRADES
~2027: RUN 4 (HL-LHC) — x10 DATA STATISTICS OF PHASE I 30




HIGGS COUPLINGS

DI R E CT D M S EA RC H ES B \{E =14TeV, 3IOQOIbe'1 per experiment
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OUTLOOK

* An impressive set of precision measurements and searches for new physics effects
from ATLAS in Run 2

e analysis of the full dataset in full swing with already many results based on 2018 data

e expand the exploration of possible physics BSM and our knowledge of nature of fundamental
interactions

* No evidence of Dark Matter from multiple searches up to now, but ...

* powerful constraints set on a vanety of different benchmarks

» extension to searches beyond WIMP simplified models (less simplified and complete models,
dark sectors, ...)

* Run 2 data still under analysis and much more to come in Run 3 and HL-LHC (300, 3000 fb-1),
with many regions still unexplored and substantial space available for surprises & discoveries!
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ADDITIONAL MATERIAL




ATLAS UPGRADES

PHASE II (HL-LHC) UPGRADE

P H AS E I (RU N 3) U PG RA D E Muon Detectors Tile Calorimeter Liquid Argon Calorimeter U pgraded Trigger and

: : Data Acquisition System:
- new LAr calorimeter electronics 9 Y

finer segmentation available @L1 -L0: 1 MHz
impr.oves L1 calo trigger - Improved High-Level
- new inner end-caps muon Trigger

system (New Small Wheel)

reduce trigger rate from fake muons

preserve resolution/efficiency @

HL-LHC Electronics Upgrade :

- trigger/DAQ
enhanced jet-rejectons/pile-up - LAr Calorimeter
subtraction - Tile Calorimeter

improved muons trigger information - Muon system

fast inner detector tracking

Toroid Magnets Solenoid Magnet

New Inner Tracking Detector
(all silicon tracker, up to [n| =4)

Options:
New muon chambers - High granularity timing detector
In the inner barrel region (forward region)

- High-n muon tagger 34




COMBINED MEASUREMENT OF SIMPLIFIED TEMPLATE CROSS SECTIONS (STXS)

T o R - O

STXS allow to combine different ATLAS Preliminary | ot woas ooy
\s=13TeV, 36.1 - 79.8 fo rrTzz 0.86 512 (0117 —-0.06)
channels in well defined phase space M, = 125.09 GeV, ly | <25 ib#j;z 063 528 (Ug1e ‘oz
: x : = 89% ww/E zz 0.86 516 (_0.11 —0.11)
regions™ with reduced theory input st B.../B,, 067 1028 (1022 019
N | N | | == Syst. || SM 2> 0 2z 4 8 8
incl. regions sensitive to new physics (such as high Total Stat Syst.
p7) that might not manifest itself in total cross-section gg—H, O-et x B, o 120 1018 (1016 4009,
Gg-H. 1L PI<S0GV X, 057 9% (95 9%
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_ gg—H, = 1-jet, p! = 200 GeV x By, == 205 1o (Toas T
gg—H, = 2-jet, p! < 200 GeV x By, e 141 1090 (a0 105
_ qq—Hqq, VBF topo + Rest x B, ]| 1.57 fg:gg (fg_gg, fg_‘g)
] 99 -, 161,60 p," < 120 GeV | qq-=Hag, VH 100 x B, —— o1z 1% (1% 0%
_ q9—Hqq, P, 2200 GeV x B,  I—===— 095 178 (129 T072)
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> 90 H. 22l <2006 |

s 1% +1.26 ,+1.01 +0.76
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s < pV +1.29  +1.02 +0.79
99/qq—Hil, 150 = p~ <250 GeV x B, 0.86 113 (090 _0.70

. y +3.03 ,+1.87 +2.38
99/aq—Hill, p¥ =250 GeV x B, HE===292 [ (_133 071

» gg/qq— HIl, 150 < p " < 250 GeV ttH + tH x B, ' 144 tg.gg (tg.gg, tg..?g)

] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] .I
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uH | g -10 5 0 5 10 15 35

Parameter normalized to SM value

—» gg9/qq— HIl, p," < 150 GeV




ATLAS Long-lived Particle Searches™ - 95% CL Exclusion
Status: July 2019

ATLAS Preliminary
[£dt=(18.4-36.1) b s=8,13 TeV

ATLAS LLP

Model Signature  [£dt[b™] Lifetime limit Reference
T T T T TTT11 T T 1 T TIrI T T 1 T TrrI T T T T T 111 T T T T T T1r11 T T B |
S EA R C H ES S U M M A RY RPV xY — eev/euv/upv  displaced lepton pair ~ 20.3 X(I] lifetime | | m(g)= 1.3ITeV, m(x})=1.0 TeV 1504.05162
GGM X(f —ZG displaced vtx + jets 20.3 X‘I] lifetime m(g)=1.1TeV, m(x%)= 1.0 TeV 1504.05162
GGM X‘l’ - ZG displaced dimuon 32.9 )(g lifetime 0.029-18.0 m m(g)=1.1TeV, m(x?)= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y 20.3 | x? lifetime - 00854m SPS8 with A= 200 TeV 1409.5542
AMSB pp — x*x0,xix;  disappearingtrack  20.3 [ x* lifetime  02230m m(x¥)= 450 GeV 1310.3675
§ AMSB pp — x3x% xJx;  disappearingtrack 361 | x7 lifetime 0.057-1.53 m m(x7 )= 450 GeV 1712.02118
P AvsB pp - x50 xx;  large pixel dE/dx 18.4 | A7 lifetime . 13190m m(x})= 450 GeV 1506.05332
Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519 m B(g — Sg)= 0.1, m(g)= 500 GeV 1811.07370
Split SUSY large pixel dE/dx 36.1 g lifetime >0.9m m(g)= 1.8 TeV, m(x?)= 100 GeV 1808.04095
Split SUSY displaced vtx + E{"‘SS 32.8 g lifetime 0.03-13.2m m(g)= 1.8 TeV, m(x?)= 100 GeV 1710.04901
Split SUSY 0(,2-6jets +EM*  36.1 g lifetime 0.0-2.1m m(g)= 1.8 TeV, m(x9)= 100 GeV | ATLAS-CONF-2018-003
d f L L P H—ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.18-120 m m(s)= 25 GeV 1902.03094
St u y O S o FRVZH - 2y4+X 2 e—, u—jets 20.3  |WJaliilime o0-3 mm m(yq)= 400 MeV 1511.05542
o
'i S a n e W a n d ;,E FRVZH - 2yqs + X 2 e—, u—, n—jets 36.1 v4 lifetime 1.5-284 mm m(y4)= 400 MeV CERN-EP-2019-140
.. ‘a FRVZ H — 4y, + X 2 e—, u—, n—jets 36.1 | va lifetime 3.7-178 mm m(yq)= 400 MeV CERN-EP-2019-140
ve ry p romisin g § H = 2424 displaced dimuon 329 [ Zq lifetime 0.009-240m  m(Zs)= 40 GeV 1808.03057
o o o H— 7ZZ4 2 e, u + low-EMF trackless jet 36.1 Z, lifetime 0.21-5.2m m(Zy)= 10 GeV 1811.02542
directio the
-I r -I n -I n VH with H — ss — bbbb 1 —2¢ + multi-b-jets 36.1 s lifetime  0-3 mm B(H — ss)=1, m(s)= 60 GeV 1806.07355
'i n te re StS Of t h e § $(200 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m o x 8= 1pb, m(s)= 50 GeV 1902.03094
. § ®(600 GeV) — s s low-EMF trk-less jets, MS vix 36.1 s lifetime 0.04-21.5m o X B= 1 pb, m(s)= 50 GeV 1902.03094
I_ H C C O m m u n 1 ty b(1TeV) > ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o x B=1pb, m(s)= 150 GeV 1902.03094
_ HV Z’(1 TeV) - qvqy 2 ID/MS vertices 20.3 s lifetime o X B=1pb, m(s)= 50 GeV 1504.03634
§ HV Z’(2 TeV) - qvqy 2 ID/MS vertices 20.3 s Iifetirlne ] o o :T>I<$i:l I1 Iplb, m(s)T 50 .Ge\./ N 1504.03634
0.01 0.1 1 10 100 cT [m]
L 111l L33 gl L 03 1l L3 3 gl L33 3l R R A I
0.01 0.1 1 10 100 3 6

*Only a selection of the available lifetime limits is shown.
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DARK-SECTORS PROSPECTS
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DM + HEAVY QUARKS

--CRESST Il

arXiv:1711.07692

- DarkSide-50

arXiv:1802 06994

- PandaX

Phys. Rev. Left. 117 (2016) 121303

—LUX

arXiv: 1608.07648, arXiv:1602 03489

e XENON1T

arXiv:1805.12562

DIRECT DM SEARCHES

1074

G, (x-nucleon) [cm?]

IIHIII] Illlllﬂl llllllll] AL

MONO JET

TTTTITTTTITTTTITTTTITTTT T 11

1074
E = ATLAS Limit Run 2

il s=13 T &
; DarkSide-50 ra}gl HM: frg’uac DM, g=10

Eur. Phys. J. C 78 (2018) 18

| Illlllll | llllllll | llllllll | Illlllll [ |11t

I ‘
i

>
a>

1 400 ATLAS Simulation Preliminary

Vs=13TeV, 3 ab’
Axial-Vector Mediator

(a) DM+11

\ = ATLAS 56 Discovery

15=14 TeV, 3000 ", f+$

=
£

exp. sys. x1, th, sys. x1

£ 1200

ATLAS Simulation Preliminary
All Limits at 90% CL

Dirac Fermion DM exp. sys. x1/2, th. sys. x1/2 . Pwda)‘ e Scalar mediator, Dirac DM, g = 1.0
vy scalar mediator up to = — ATLAS Expected Limit
9,=02549, = . sys. x1/4, th. sys. x1/4 g  fet4Tev. 3000w’ T
1 q 1 exp. sys. x1/4, th. sy B mediator, Di =
OOO 95% CL limits NO . 5 Tev 10—46 ENQN\\ - Scalar or, Dirac DM, g = 1.0
Projection from Run-2 data /i\ i -
800 N\ a

-+ IIIIIHI] Hllllll| Illllllll

llllllllllllllllllllllLlLLLLLL

ITI]III]TTII]IT]III]III]III]II

—48 Lo el Lol | L1111
600 10 2 345 10 20 100 200 1000
m(y) [GeV]
400
\ MONO-TOP L B B B B I L I L L R
200 \ 0 ? ATLAS Simulation Preliminary ~—— Theory
.‘\ - Vs=14TeV, 3000 fb™ 95% CL Exp. Limit

Non-resonant model

lllllllll | AE L

%500 1000 1500 2000 2500 3000
m, [GeV]

axial-vector mediator
probed up to 2.7 TeV -
vector mediator up

ATL-PHYS-PUB-2018-043; ATL-PHYS-PUB-2018-038 to 4.5 TeV
ATL-PHYS-PUB-2018-036; ATL-PHYS-PUB-2018-024 BT T T 3 8

m, [GeV]

| 95%CLExp.t %

LI TUH]I

9, Ve 95% CL Exp. + 20

107"

-~
-
+

o(pp — tV) x BR(t — blv) [pb]

1072

T ITUTHI 1 TTTTTTTI 1 IHHU]

| llllllll 1 llllllll 1 11111111 | llllllll | Jlllllll L 11l lll

1 ITHH]]

—
o
&n



https://cds.cern.ch/record/2650050
https://cds.cern.ch/record/2649443
https://cds.cern.ch/record/2649243
https://cds.cern.ch/record/2645274

DISAPPEARING TRACKS

H IG G S / S USY P ROS P ECTS lightest chargino nearly degenerate with lightest neutralino, resulting

in long chargino lifetimes) J

HIGGS COUPLINGS

LEO-8L0C-8I1d-SAHd- 11V

- . . p
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