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ATLAS data-taking from 2015-2018

Exotics searches:
o  Searches for heavy resonances.

Searches for Supersymmetry:
o  Strong production, 3rd generation squarks,
electroweak production.

Searches for long-lived particles (LLPs):
o  Higgs portal dark photons.
o Heavy Neutral Leptons.

Searches for mediator-based Dark Matter:
o  Mono-object + MET, extended Higgs sector
models.

Summary.

Prospects for High Luminosity LHC.



ATLAS in Run-2

Large Hadron Collider (LHC)

HL-LHC

7 TeV—— 8 TeV — 13 Tev

13/14 TeV ——————
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HL-LHC: High Luminosity LHC
LS: Long Shutdown
TeV: Tera electron Volt

Run-2 searches

discussed today. | cws 2010.
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ATLAS Searches overview

- Compositeness?

- Leptoquarks?

- Heavy neutral
leptons?

- Higgs portal to
dark sector?
- Dark matter?
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- Gravitons?

- Dark matter?
- Supersymmetry: Hierarchy problem, DM?



Phys. Rev. D 100 (2019) 052013

Searches for new resonances: W’
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052013

Phys. Lett. B 796 (2019) 68

Searches for new resonances: 7’
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https://www.sciencedirect.com/science/article/pii/S0370269319304721?via=ihub

ArXiv 1010.08447

Searches for new resonances: dijets

5 ATLAS . Data 5 arLas . Dat E
W10 ys_13Tev, 139 fb"  —— Background fit £ (s=13Tev,139fb’  — Backgroundfit g
107§Inclusive —— BumpHunter interval L 2b-tag —— BumpHunter interval ]
10%* o qF, mqk=4TeV E o- DM Z', mZ,=2TeV 3
e Searches for heavy dijet + di b-jet 10E g’ M. =6 TeV DMZ,m,=3TeV 3
10'E ¢, ox10 L DM Z gq=0.25, ox10 -
resonances: 10° z_ p-value = 0.89 i_ p-value = 0.83 _i
o  Excited quarks (q") in models of T 3 E
compositeness. 13 3
: : : 107 | L I e L IE
Test generic Gaussian signal shapes. g LT g e
1 1 H § b E 2 | E
SSM Z' + DM Z' mediator (bb). £ % £ oy “fr"""""'i"""“—r"—.—lf
I R S S Sy S Sy R B S SN S R U R N
e Search for resonant signal over m; [TeV] m, [TeV]
. E :vm\:v LALBLELE BLELELELE BLRLELELE BLRLELELE NN S T T L B L B B N BB B B
- & E % e Theory 4 & ' eesssas Theory
SmOOthl'y fa“Jng QCD baCkground ﬁt o 1= —e— Observed 95% CL o o 10 —e— Observed 95% CL N
from data g E Expected 95% CL E om _ ------- Expected 95% CL §
. [ . R tio ] X o | Bk ]
< 10_1 L ....... +2¢6 - >ll<J T e e +2¢6 ]
X E ..’. ; .
e |Interpretations: °o ¥ 1 Ttotg 3
. . 1072 = ]
o Excited quarks (q’) excluded upto 6.7 : : ° ]
L : -3
TeV. 10°%E 3 107 3
SSM Z’ (bb) excluded upto 2.7 TeV. F g, inclusive " [ SSM Z'(bb), 2 b-tag -
o DM Z'mediator upto 2.9 TeV. 10’4;‘ fs=13TeV, 139 b E 10F (s =13TeV, 139 fb” 3
- ATLAS ] - ATLAS 3
T IS VA EFEFAE B PR I N R RN BN I
2 3 4 5 6 7 8 15 2 25 3 35 47

mg- [TeV] Mgy 2 [TEV]


https://arxiv.org/pdf/1910.08447.pdf

Resonance decaying to VV pair (V

=\, 2).
o  Here showing only all-hadronic
final states.

Interpretations:
o  Spin-0 radion.
o  Spin-1 Heavy Vector Triplet.
o  Spin-2 Graviton.

Search for resonant signals on
smoothly-falling background-fit
from data.

No significant deviation from SM

- interpretations:
o  HVT model: Excluded upto 3.8
TeV.

o  Graviton: Excluded upto 1.8 TeV.

Searches for new resonances: X->VV

ArXiv 1906.08589
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https://arxiv.org/pdf/1906.08589.pdf

ATLAS Supersymmetry searches: Program structure

SPARTICLES

Squarks sleptons

- 3rd generation Q @ e o

searches. sto Sootton st

- Strong - Electroweak
production. production.

Claire David / York University



Searches for SUSY: Strong production ATLAS-CONF-2019-040

e SUSY searches well motivated by

open SM questions:

o  Hierarchy problem.
o  Dark matter.

e Strong production dominant SUSY
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https://cds.cern.ch/record/2686254/files/ATLAS-CONF-2019-040.pdf

ATLAS-CONF-2019-040

Searches for SUSY: Strong production
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https://cds.cern.ch/record/2686254/files/ATLAS-CONF-2019-040.pdf

Searches for SUSY: 3rd generation squarks

ATLAS-CONF-2019-017
ArXiv 1908.03122

3rd generation squarks:
o 'Stop) ‘Sbottom'.
o  Expected to be ‘light’ due to
naturalness arguments.
o Important for resolving hierarchy
problem!
o Relative lightness of 3rd gen squarks =
expected large yields at LHC. T FATLAS Preliminary | =Data | —TowlSM o &
o s=13TeV,139f6" [l WL 0}
Stop search: 3 Sl o
o  Targeting ‘compressed’ scenarios;  a e 5
m(stop) - m(N1) < m(top). -
Sbottom search:
o Target events with high b-jet
multiplicities. % 3
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https://www.hepdata.net/record/ins1748602
http://cdsweb.cern.ch/record/2684863/files/ATL-PHYS-PUB-2019-029.pdf
http://cdsweb.cern.ch/record/2676594/files/ATLAS-CONF-2019-017.pdf
https://arxiv.org/pdf/1908.03122.pdf

Searches for SUSY: 3rd generation squarks

Stop search:

o Targeting ‘compressed’
scenarios: m(stop) -
mM(N1) < m(top).

o  Stop squark excluded

upto 720 GeV for 580 GeV
N1,
Sbottom search: E
o  Target two scenarios: é_
M(N2)-m(N1) = 130 GeV £
and m(N1) = 60 GeV.

o  Shottom squark
excluded upto 1500 GeV.
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http://cdsweb.cern.ch/record/2676594/files/ATLAS-CONF-2019-017.pdf
https://arxiv.org/pdf/1908.03122.pdf

Searches for SUSY: electroweak production

e EWKSUSY:
o  Dominant production process if
strong SUSY sector decoupled.
o  Naturalnhess arguments result in
Higgsino masses ~ electroweak

scale.
o Stable LSPis important DM
candidate.
PP, VE =13 TeV, NLO+NLL - NNLOapprox+NNLL
e Huge Run-2 dataset: o e
o  EWK SUSY production e

Se— EE*,BB* h— iL,RZL,R

cross-section orders magnitude
lower than strong production.

o Unprecedented opportunity to
probe low cross-section EWK SUSY
processes!

cross section [pb]

1076

250 500 750 1000 1250 1500 1750 2000 1 4
particle mass [GeV]



Searches for SUSY: electroweak production

o

o

Wide search program:

Chargino-neutralino
pair-production.,

Chargino-chargino pair-production.

Decays via SM gauge bosons and
direct sleptons.

As of yet, no significant excesses:

Stringent limits set on decays via
direct sleptons: > 1 TeV!

Limits on decays via SM gauge
bosons see vast improvements in
Run-2: CIN2->Wh excluded upto
740 GeV.
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Searches for DM: mono-object + MET

Eur. Phys. J. C 77 (2017) 303
JHEP 01 (2018) 126

Bl

e Classic’' DM search:
o  Visible object recoiling
against MET.
o Mediator-based interaction q
of SM and DM.

med

=

9q 9x
Z4

e Many search channels:
o Y jets, W Z.
o  Axial-vector mediator (Z)). 1.2
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https://link.springer.com/article/10.1140/epjc/s10052-017-4965-8
https://link.springer.com/article/10.1007/JHEP01(2018)126

1 ] . ArXi )
Searches for DM: direct detection comparison AR

e Comparisons of inferred limits with

imi i i — 10 g—————————x—————""—3 = Dilepton
limits from direct detection N% ', [ ATLAS Proliminary A 3 = Dilepton
experiments. = 107" Es=T3 TeV, July 2019 — Dijet

g 1 0_39 Dilepton Dijet; PRD 96, 052004 (2017)
. . . . Dijet TLA; PRI
e Plots show limit on spin-independent 2 40 E’ Xm mmm
. ) S 1 O— I\ . : . — EMiss
WIMP-nucleon scattering cross-section. Emiss Ny, Dife! S —
5 10_41 ,‘ \\:E:ool Ht i . ET+jet; JHEP 1801 (2018) 126
e ATLAS excludes large regions of DM 0”10_42 ~\__~cRessTII
] DarkSide-50 == arXiv:1904.00498
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. . \ PRL 121 (2018) 111302
direct detection. G o o

o  Caveat: specific model parameter oand@hAUAT L7 ot reos
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https://arxiv.org/abs/1903.01400

ATLAS-CONF-2018-039

Searches for DM: extended Higgs sector models

ATLAS Preliminary ~*- 52
Vs=13TeV,79.8 " [0t + single top

SR : 0 lepton [ Wijets

2 b-tags [ Diboson

I SM Vh

N\ Background Uncertainty
<-s-- Pre-fit Background

— - mono-h Z'-2HDM

e Two Higgs Doublet model (2HDM+2):
o  Extra Higgs doublet + additional mediator
for DM - richer phenomenology.
o  Lightest CP-even state = SM Higgs.

Events / bin

m, = 1400 GeV, m, = 600 GeV
g = 37510
[

vod ol vl v ol

i

e Exploit new methods in Run-2:
o  Use variable-radius track jets to resolve jets
with small angular separation.

R
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https://indico.cern.ch/event/797094/contributions/3367908/attachments/1826603/2989614/IoP_vrtrackjets.pdf
http://cdsweb.cern.ch/record/2632344/files/ATLAS-CONF-2018-039.pdf

Searches for long-lived particles: overview

e Example signature of long-lived

particles (LLPs): multitrack verticee:_ ______
o Displacement of objects from primary A \: ‘ \
vertex. il
| ¥

o  Depending on lifetime, can decay in
tracker, calorimeter or muon system.

emerging
jets

. . . <//'/ /// :. \
e |ifetime determined by mass and :
. ) - 4 % i trackless,
mixing with decay products. P Sy, | low-EMFjets
| 9 i\
e Signatures-based searches: 2 / I\
o Model-specific LLP searches 0 x \\
developed targeting specific /N———
. P 9 gsp multltrack vertices
signatures. // In muon system

2 / | | \
/ | \
/ I | \
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Searches for LLPs: dark photons

ArXiv 1909.01246

e Dark sector:

o  Postulated extension to SM - dark
fermions, dark photons..

o  Higgs can be portal to dark sector
with branching ratio upto 10% not
excluded for exotic decays.

e Dark photons:

o Lifetime can be long if small mixing
between SM photon and dark photon.
o  Signature: no tracks in Inner Detector!

Stefano Giagu - LHC DMWG

dark matter x

<
2
q,1

? i T

"\
dark photon

95% CL Limit on oxB(H—> 2y +X) [pb]

d

—_
(=]
o

-
<

-
—_ o
T T

L uDPJ-uDPJ channel
L m,, = 125 GeV
F m, =400 MeV

B(H— 2yd+X) =10%

----- expected limit
—— observed limit
ATLAS expected * 26
36.1fb'Vs=13Tev [ expected+ 1o

1 10 102 10°
Dark photon ct [mm]

102

uDPJ - uDPJ channel
m,, = 125 GeV
m, =400 MeV

107"

| ATLAS

£36.11b" Vs =13 TeV

B(H- 4v,+X) = 10%

------ expected limit
—— observed limit

expected + 26
I expected + 1o

1

10 10% 10° 20


https://indico.cern.ch/event/729789/contributions/3040871/attachments/1673197/2685027/ATLAS_DarkSectorBenchmarks_LHCDMWG_22.6.2018.pdf
https://arxiv.org/pdf/1909.01246.pdf

ArXiv 1905.09787

Searches for LLPs: heavy neutral leptons

> 0.06~m——— T
. . , 2 F ATLAS Simulation ]
e Massive neutrinos: 8 005" f ($=13TeV, W - uN - pev,
o  RH Majorana neutrino (HNL) — ° s v my=10GeV, prompt 1
o - . my, =5 GeV, displaced B
see-saw mechanism. i L IioceV displaces 1
. . © r =125 GeV, displaced |
o HNLs could explain SM neutrino S 003 ! M= TS Ren ARpReT S
masses, matter-antimatter 0.02F H DN ]
. . AV Y L. . R -]
asymmetry, and is a DM candidate. i ; ‘L R 1
0.01 - T —
e HNL-neutrino mixing: SR TINPIRPE T Ak S T TR T
i i A 107 1 10 10° 10°
o  Small mixing required, resulting in o [mm]
long-lived HNLs.
o  Signatures: prompt and displaced.
. e Tt 7 f " T T _‘1 T
e No evidence for HNLs observed: 27100\ ATLAS /2= 13 TeV, 229961 =
o Displaced signatures: excluded F T Cheorved (eptaced L) -
——~— Observed (displaced, LNC)
coupling strength to 1.5x10° 10 = - cepeciod 1 5
- [ Expected + 20 =
o  Prompt signatures: excluded coupling - ]
strength to 1.1x10°® 10° = E
10°° 21

my [GeV]


https://arxiv.org/pdf/1905.09787.pdf

Summary plots: Exotics

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Exotics searches cover plethora of

Status: May 2019 JLdt = (32-139) fot V58,13 TeV
| Model ty Jetst ET™ fraqm) Reference
T T
models! TR =
@ ADD non-resonant yy 2y - - 37 |Ms 86 Tev 1707.04147
S ADDQBH . 2j = 370 [ My 8.9 TeV 1703.09127
mm h | £ | ADDBH g 3 pr sley  22) - 32 |Ma 82Tev 160602265
O U a ry p O S OWS a Se eC |O n £ ADD BH multijet - 23] - 36 | My 9.55 TeV. 1512.02586
S | RST Gk — vy y - - 967 [Gumass 41Tev 1707.04147
Buk RS Gk - WW/ZZ  multi-channel 361 | Grmass 23Tev 1808.02380
Of th e fu U. searc h p rog ram § Bulk RS Gk — WW — gqqq O e.u J - 139 |Gimass 1.6TeV ATLAS-CONF-2019-003
. Bulk RS giox — tt Tey 21b2102) Yes 361 |8 mass 38TeV 1804.10823
2UED/ RPP teu 22b>23] Yes 361 |Kkmass 1.8TeV 1803.08678
SSM Z' — ( 2epn - - 139 |iZfimass 5.1TeV 1903.06248
SSMZ' —rr 27 - - st |Zmass 2.42TeV 1700.07242
2 Leptophobic 2/ — bb> - 2b - 1 |Zmass 2.1TeV 1805.08299
° 4 full Run-2 dataset ana yses e Pl —— ey
SSM W’ — tv ten - Yes 139 |Wrmass 60Tev CERN-EP-2019-100
S SSMW v 17 - Yes 361 [Wmass 3.7 TeV. 1801.06992
S| HVTV - WZ - qagamodel B Oeu 2y - 139 [Wrmass 36TeV ATLAS-CONF-2019-003
S h O\x/ n to d a ' @ | HVT V' > WH/ZHmodel B multi-channel 36.1 |V mass 293 TeV. =3 171208518
. LRSM Wy — tb multi-channel 36.1 | Wamass 325TeV. 1807.10473
LRSM We — g 2u 19 - 80 | Warmass 5.0TeV m(Ne) = 05TV, &1 = g 1804.12679
\x/y Zy d o t d . b Clqqaq = - a0 A 208TeV 1, 170308127
o , £, dljet resonances, alpooson liaq 2en St |a dotev w, | rroroses
Cl ettt 2len Yes 361 [A 2.57 TeV. 1Cael = 4x 1811.02305
Adialvector mediator (DiracDM) O e 1-4]  Yes 6.1 [ 155 TeV £025, g,=1.0, m(x) =1GeV 1711.03301
resonances.. = | Colored scalar mediator (DiracDM) O e,y 1-4]  Yes 361 | e 1,67 TeV 1.0, m, 1711.03301
8 Vyy EFT (Dirac DM) Oep 14,<1j Yes 32 [My 700 GeV m(y) <150 GeV 1608.02372
Scalarreson. ¢ — ty (DiracDM)  O-feu 1b,01J Yes 361 [y 34TeV = 0.4.2=02. m(y) = 10GeV 1812.08743
Scalar LQ 1* gen 12e 22]  Yes 361 |[LQmass 1.4TeV p=1 190200377
G ScalarLQ 2 gen 12p 22]  Yes 361 |LQmass 1.56 TeV p=1 1802.00377
Y Dark hoton H N I_ a nd D M Soalar LQ 3 gen 21 26 - a1 |LOvmass 103 Tev BLQY — br) 1 190208103
Y Scalar LQ 3¢ gen 0-1en 2b Yes  36.1 LQj mass 970 GeV B(LQ§ - tr) =0 190208103
VLQ TT — Ht/ZEWb+ X multichannel 3.1 | Tmass 137 TeV SU(2) doutlet 1808.02343
. . 9| VLQBE - W/Zb+ X multi-channel 36.1 | Bmass 1.34 TeV SU(2) doutlet 1808.02343
searches done with partial Run-2 | Vo e BTy e 31 iy
T g5 VLAY - Wh+X teu =z1b=21j Yes 361 [Ymass 1.85 TeV. 181207343
VLQ B — Hb+ X Oeu2y 21b21 Yes 798 |Bmass 1.21TeV ATLAS-CONF-2018-024
VLQ QQ — Walq feu  24]  Yes 203 |lQmass 690 GeV/ 1509.04261
datasets B s s - 52 T - oo — T Py
. E _5 Excited quark ¢* — qy 1y 1] - 36.7 | q mass 53TeV only u” and d*, A = m(q") 1709.10440
SE| Exiedaquark b’ - b = th1j - 361 [bTmass 26TeV 1805.08299
@G Excited lepton ¢ 3ep - - 203 |wwmass 30TeV. A=30TeV 14112021
Excited lepton »* et - i 203  [§Amass 1.6TeV. A=16TeV 14112921
H H H Type IIl Seesaw tep =2f  Yes 798 |NOmass 560 GeV. ATLAS-CONF-2018-020
e No evidence of New Physics in the T s |
B Higgs triplet H** — (¢ 234e4(89) - - 31 |Hmass 870 GeV. DY production 1710.00748
S Higgs tiplet 4+ — o 3eut = - 203 |EE 400 GeV DY production, B(H; * - tr) = 1 14112921
S Muitcharged particles - - - 361 | mulicharged paricle mess 1227TeV DY produciion, g = Se 181203673
data so f ar Magnetic monopoles , DD s | Y O pradcton 1= 160, 59012 | 15081015
" VG=8Tev  Vs=13TeV  s=13Tev L L L
partial data full data 10 1 10 Massscale [TeV]

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

Stringent limits set across wide

parameter space. 29



Summary plots: SUS

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

July 2019 Vs=13TeV
® H f S SY h kel Signature  [carin™) Mass limit Reference
T
uge program o U searches on g T o — iheronoy p—
@ mono-jet  1-3jets  Ej 36.1 071 () miT3)=5GeV 1711.08301
£ aioatt Oep  26jets EP 361 |2 20 miE})<200Gev 1712.02832
. S ' Forbidden 09516 mif1)=900 Gev 1712.02332
&z gaacnt Sen 4jets 361 |2 1.85 m(i)<800 GeV 1706.00731
® ee. iyt 2jets  EPS 361 7 2 m(g)-m(i!)=50 GeV 1805.11381
8 wgowwzil Oeqr  Tljels EPS 361 |E 18 ) <400 Gey 1708.0275
3 SSe.u 6jets 139 | & 1.15 m(g)-m(E})=200 GeV ATLAS-CONF-2019-015
IS 0,
e 5 full Run-2 dataset analyses -8 - P 225 havoner
SSe.u 6 jets 139 | & 1.25 m(z)-m(E})=300 GeV ATLAS-CONF-2019-015
Biby, by bR [} Multiple 361 | b Forbioden 0.9 m(i})=300GeV, BR( 1708.09266, 1711.03301
S O\x/ n to a . Multiple 3.1 |5 Forbidden 0.58-0.82 m(i1)=800 GeV, BR(Y})=BR(T 1708.09266
. Multiple 139 by Forbidden 0.74 m(¥])=200 GeV, m(¥})=300 GeV, BR(:¥; ATLAS-CONF-2019-015
. - R By—hiS — i) Oep 6b EPS 139 | B Forbidden 0.23-1.35 Am(PS,71)=130 GeV, m(E{)=100 GeV SUSY-2018-31
St I_ X9 b 0.23-0.48 Am{ES. | GeV SUSY-2018-31
2
(@) rO n g O . §.§ it i WBE or 1) 02ep O2jots-2bEPS 361 & 1.0 150608616, 1709.04183, 174111520
o8 Al i-whi} Ten Bjetsb EFY 130 6 0.440.59 ATLAS-CONF-2018.017
D ' t t d B t b tt 83 iy, =71 by, 71276 Tratepr 2jetsiib EPS 364 |@ 1.16 igczfo17e
o Irect sto Irect spottom. Sl o ze v owmr |z 0ss Teos orces
I = T <
e i 0.46 1805.01643
. . Oeu mono-jet LRI A 043 171108301
o EWK C1N2 via Wh, EWK C1C1 via Veew 4 wi | osz0m —— a5
3en 1h 139 | Forbidden 086 m(E4)=360 GeV, m(iy)-m(E})= 40 GeV ATLAS-CONF-2018-016
\X/\X/ S viawz 23ep %1 [ 06 miE)=0 1403.5294, 180602293
. cespipt 21 139 )?.‘/Xﬁ, 0.205 m(E{)-m(i})=5 Gev ATLAS-CONF-2019-014
XiXi via ww 2eq Epis 139 | 0.42 mi)=0 ATLAS-CONF-2018-008
0-1ep 2bi2y 139 |4 /%  Forbidden 0.74 m(¥])=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
28 2ep 139 | 1.0 m(Z,7)=0.5(m(¥ )+m(F})) ATLAS-CONF-2019-008
H H ws k] 27 139 |7 [FL, 7R, N0H6%0:8] 0.12-0.39 (P! ATLAS-CONF-2019-018
L O evidence o In the data Badun, tii] 2en  ops w0 [z o
2ep >1 139 |7 0.256 ATLAS.CONF-2019-014
HH, A-hG|7G Oepr 23h 36.1 i 0.13-0.23 0.29-0.88 1806.04030
so fa r 1 dep 0jets %1 |@ 03 BRI — 26)1 180403602
.
B @ Direct¥ik; prod. long-lived ¥ Disapp. ik 1jet ™ 361 Pure Wino 1712.02118
g % Pure Higgsino ATL-PHYS-PUB-2017-019
DT stable 3 R-hadron Multiple 36.1 1902.01636,1808.04095
. . - N S g Metastable g R-hadron, 3—gqf’ Multiple 36.1 1710.04901,1808.04095
e Stringent limits set in strong, 3rd o2
' ViE 18 - Wwzeteer 4en Oets 36.1 el 1804.03602
22 2-qet) K - gqq 4-5 large-R ets 36.1 . Large 47, 1804.03568
h z Multiple 36.1 m(1)-200 GeV, bino-like ATLAS-CONF-2018003
gen. searcnes. B it wage s -z ek b
i, fi—bs 2jets+2b 36.7 1710.07171
it it 2en 2h 36.1 BR(l—be/bu)>20% 1710.05544
Tu ov 136 BRI —qu)=100%, cosé,=1 ATLAS-CONF-2019-006
e EWKSUSY probed to »
*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

un p rece d en t e d l eve I. S. simplified models, c.f. refs. for the assumptions made
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ATLAS at the High Luminosity LHC

Large Hadron Collider (LHC) HL-LHC
| Run1 st Rwm2  pows2 | R3[| 13 [ Run4-5. |
7 TeV— 8 TeV — 13 TeV 13/14 TeV
mmmmmmmmmmmmmmmm
’ ’ >  HL-LHC.

HL-LHC: High Luminosity LHC
Ls: Long Shutdown Run-2 searches AT LAS
TeV: Tera electron Volt .

discussed today. | c\ws 2019, A ERT

e ATLAS will face new challenges at HL-LHC.

o Instantaneous luminosity increase x 10.
o  ~200 pp interactions per bunch-crossing.

e ATLAS s expected to record 3000 fb™ of data at HL-LHC!

e As part of European Strateqy on Particle Physics, many HL-LHC
prospects studies done.
o Input from ATLAS, CMS, ALICE, LHCb and theorists.
o  5working groups: SM, Higgs, BSM, Flavour, Heavy lon.
o Summary TWiki: HLHEL HCWorkshop



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHELHCWorkshop

HL-LHC prospects studies: W’ & mono-jet

ArXiv 1812.07831

e Both W' & mono
analyses will benefit
from increased
luminosity.

o \W'slv:
o  Expected exclusion at
HL-LHC: 79 TeV
o ~2TeVincrease from
Run-2 limit!

e Mono-jet:
o  Expected exclusion at
HL-LHC: 2.52 TeV

o B [pb]
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https://arxiv.org/pdf/1812.07831.pdf

EWK SUSY production
will benefit greatly from
increase in luminosity!

Pileup and SM
backgrounds
challenging.

Despite challenging
conditions, HL-LHC
expected to probe EWK
SUSY to unprecedented
levels!

m(Xy, X9) [GeV]

= L [RERAS EAERD ERF=0 ERELA
@ 1200~ . . . -
o, - ATLAS Simulation Preliminary ]
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200 y .
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L LEP2 7 excluded i
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https://arxiv.org/pdf/1812.07831.pdf

COHClusionS Huge search program, only a selection

shown today:

O

O

Exotics: Heavy resonances, DM, LLPs.
SUSY: Strong, 3rd generation, EWK
production.

Many New Physics scenarios probed to
unprecedented levels.

Selection of HL-LHC prospects:

W', EWK SUSY and mono-jet prospects
shown today, many more studied for
European Strategy.

Vast improvements expected for large
number of New Physics scenarios.

O




BACKUP



W’ systematics

Source Electron channel Muon channel
Background Signal Background Signal
mr=2(6)TeV mr=2(6)TeV | mr=2(6)TeV mr=2(6)TeV
Trigger negl. (negl.) negl. (negl.) 1.1% (1.0%) 1.2% (1.2%)

Lepton reconstruction
and identification

Lepton momentum

scale and resolution

ERS resolution and scale
Jet energy resolution

4.1% (14%)  4.3% (4.3%)

3.9% (2.7%) 2.7% (4.5%)

<0.5% (<0.5%) <0.5% (<0.5%)
<0.5% (<0.5%) <0.5% (<0.5°70)

8.9% (37%) 6.6% (38%)

12% (47%) 13% (20%)

<0.5% (<0.5%) <0.5% (<0.5%)
<0.5% (0.6%) <0.5% (<0.5%)

Multijet background 4.4% (420%) N/A (N/A) 0.8% (1.5%) N/A (N/A)
Top-quark background 0.8% (1.9%) N/A (N/A) 0.7% (<0.5%) N/A (N/A)
Diboson extrapolation 1.5% (47%) N/A (N/A) 1.3% (9.7%) N/A (N/A)
PDF choice for DY 1.0% (10%) N/A (N/A) <0.5% (1.0%) N/A (N/A)
PDF variation for DY 8.1% (13%) N/A (N/A) 7.4% (14%) N/A (N/A)
EW corrections for DY 4.2% (4.5%) N/A (N/A) 3.7% (7.0%) N/A (N/A)
Luminosity | 1.6% (1.1%) 1.7% (1.7%) | 1.7% (1.7%) 1.7% (1.7%)
Total | 12% (430%)  5.4% (6.4%) | 17% (62%) 15% (43%)
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Z’ systematics

Uncertainty source Dielectron Dimuon

for my [GeV] 5000 5000
Spurious signal £12.5 (12.0) £0.4 (10) £1LT (11.0) =£2.1 (
Lepton identification +1.6 (1.6) +5.6 (5.6 T <+25)
Isolation (0.3) +1.1 (1.1 +0.4 (0.5)
Luminosity (1.7) H.F (1.T) +1.7T (1.7) .7 (1.T)
Electron energy scale '_Hijg) t8;}l -
Electron energy resolution (1):5%) ig:‘é .
Muon ID resolution fg:i (fgjg)
Muon MS resolution +2.4 (2.1)

‘Good muon’ requirement

+55 [ +55
—35 |\ —3d 30




Z’ limit comparison

§ §I I I I | I I I I I I I I I I 1 I I I I 1 1 I I I
92] =
bw - ATLAS
< 105z :
£ - }y’j ]
© 1E =
107 =
1072 =
1 0—3 —— ATLAS Vs =13 TeV (ee 139 fb™; uu 139 fo™") _;
ATLAS Vs = 13 TeV (ee 36.1 fb™; pu 36.1 fb') 3
—e— ATLAS Vs=13TeV (ee3.2fb; uyp 3.2fb") 7
1 0—4 K —=— ATLAS Vs =8TeV (ee 20.3fb™; pyp 20.5fb™") __|
= ATLAS Vs=7TeV (ee 4.9 fo"; un 5.0 fb™) =
r —»— ATLAS Vs =7 TeV (ee 39 pb™; uu 42 pb™) :
1 0—5 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 l 1 1 1 1 | 1 1 1 1 I
1 2 3 4 5 6

m,, [TeV] 31



Impact [%]

Source of uncert. @) ) ©
b-tagging 40 8.0 10

V +jets modeling 3.5 6.0 5.0
Top modeling 37 48 45
MC statistics 1.8 54 49
SM V h(bb) 08 32 21
Diboson modeling 0.8 1.5 1.1
Signal modeling 30 28 15
Luminosity 20 256 258
Small-R jets 14 30 2.0
Large-R jets 02 1.0 20
s 12 1.7 1.1
Leptons 0.2 08 0.7
Total syst. uncert. 6.5 13 13

Statistical uncert. 2.3 20 22

Total uncertainty 7 24 25

DM MET + H systematics

32



Events / 2 GeV'?

Data / MC

SUSY Strong oL: Pre-fit distributions
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SUSY Strong oL: VRS

Events

Significance Data/SM

T T
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ATLAS Preliminar Z22. SM Total
s=13TeV, 139 fb’ W W+ets
4
10" E™VRoLdPhi for MB-GGd — il
103 [ Diboson
Np=[42) W Multijet
102 ———— —e————
10 E
1
107"
1.6 == N ks
1 gy O ittt o ;;;/;/+;/;;;/f//////é /////// /// //////// /// 4
R e P DR TP s s, . a7
0.5 = /// AT —
2 F E
0 ; — :
-2 F -
— C\ln N Q q’_\ d
oS © Y © < <,
= = &, & 0,

My [TeV] 34



SUSY Strong oL: VRS
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SUSY Strong oL: CRs

wW(W+jets) w(Z+jets)
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ATLAS Preliminary Vs=13 TeV, 139 fb'  MB-GGd
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