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The LHC and ATLAS Detector in 2018

» Excellent performance of the LHC in 2018 !!! N N
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Good for physics: 97.5% (60.1 fb)

Luminosity weighted relative detector uptime and good data quality efficiencies (in %) during stable beam
in pp collisions at Vs=13 TeV between April 25 — October 24 2018, corresponding to a delivered integrated
luminosity of 63.8 fb'! and a recorded integrated luminosity of 61.7 fb™X. Dedicated luminosity calibration
activities during LHC fills used 0.7% of recorded data and are included in the inefficiency. The luminosity
includes 193 pb! of good data taken at an average pileup of p=2.
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ATLAS Run 2 Datasets (2015 - 2018)

- ATLAS
140 Preliminary
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Month in Year
Other Datasets
* Pb-Pb, proton-Pb, Xe-Xe
 Data with low <p> for precision W physics

» Data with different beam energies / optics
for diffractive physics

The LHC is a very versatile machine !
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Recorded Luminosity [pb "/0.1]

Proton-Proton Vs = 13 TeV Dataset

» 156 fb* delivered — thanks to CERN accelerators team !

* 147 fb* recorded (94 %)

« 139 fb™* good for physics (95 %)

Measured to a precision of 1.7 % [ATLAS-CONF-2019-021]

» Average number of interactions per bunch crossing = 34
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Online, 13 TeV det=146.9 fio 1

2015: <u>=134
2016: <u> =25.1
2017: <u>=37.8
2018: <u> = 36.1
Total: <u> = 33.7
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Pile-up in Ru

Continues to pose a humber of challenges... eg. particle identification /reconstruction, trigger rates /bandwidth
4



Reconstruction and Calibration

Data-driven calibration of muon efficiency
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Data-driven energy callbratlon of jets

TLAS Preliminary
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Resonance Search (Z'—bb)

[CERN-EP-2019-162]

—— Phys. Rev. D 98, 032016 (36.1 fb™")
Phys. Rev. D 98, 032016 (Scaled to 139 fb™)
— — Current Result (139 fb™)

ATLAS Preliminary
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» Probing SM / Higgs processes with high precision

» Exploring vast kinematic domain for new physics
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ATLAS Physics Program

Large dataset facilitates a broad physics program

« Detecting very rare processes

ATLAS Submitted Papers

Last update: 03-5ep-2019

ATLAS Run 142
ATLAS Run 1
ATLAS Run 2
ATLAS Full Run 2

ATLAS: B77

Run 1: 593

The LHC is an EVERYTHING factory!

Produced in 139 fb* @ Vs = 13 TeV

Higgs Bosons 7.7 million
Top Quarks 275 million
Z Bosons 2.8 billion
W Bosons 12 billion
Bottom Quarks ~40 trillion

2019 has seen the first ATLAS analyses
based on the full (139 fb*) Run 2 dataset

» 7 papers submitted to journals (so far)

» 26 conference notes

The following is a brief selection of these results



Precision Tests of the Standard Model

Standard Model Total Production Cross Section Measurements status: July 2019
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So far... all measurements
agree with SM predictions

Total production cross section [pb]

Many cross section measurements
have been performed by ATLAS

Theoretical predictions here at NLO or higher
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Vector Boson Scattering

Massive VBS provides a key avenue to probe EWSB — here focus on electroweak production of ZZjj

!/ ! / ! / /! !

q q 7 q 7 q q
}.“E’W""W z Wiz z W Z W z EW WWjj (6.50) [arXiv:1906.03203]
¥ T %
' wjz W EW WZjj (5.30) (phys. Lett. B 793 (2019) 469]
'JZ’rI)\NWW A A 7 W 7
¢ q a q ¢ q q

Multivariate discriminants are used to separate signal from (irreducible) QCD background

0, =0.82+021fb
SM =0.61 + 0.03 fb
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lljj llvvij [ATLAS-CONF-2019-033]
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All VVjj processes have now
been observed (>50) in ATLAS
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Charge Asymmetry in tt-bar

Large sample of ttbar events allows study of production asymmetry (H.O. QCD effects from qqg-bar and qg)

N(Aly| > 0) = N(Aly| < 0)
N(Aly| > 0) + N(Aly| < 0)

Central-forward charge asymmetry: Ac =

Asymmetry measured using resolved and boosted top-quark decays to lepton + jets
(Bayesian unfolding procedure used to infer A_at parton level — correcting for detector/acceptance)

O N ] o 0.07¢ I I | | =
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0 015_ + Data (stat./total) _: 0,043— + Data (stat./total) —;
ooosl. A, =0.0060 £ 0.0011 +0.0010 E 0-03E" several BSM processes predict E
VL ¢ stat syst : 0.02F different A_values | =
0.006F . 0.01E- | ; $ -
0.004 - Og_ ______________ BE
- . -0.01 Inclusive and differential measurements —
0.002 ] _0.02E consistent with SM predictions =
0_ ] _003E | | | | E

<500 [500,750] [750,1000] [1000,1500] > 1500
m, [GeV]

Inclusive

Non-zero at 40 - first evidence of charge asymmetry @ LHC
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Top-Quark Decay Width

Deviations from SM prediction may hint at non
SM decay channels of top-quark / modification
of top quark couplings

Direct measurement of top-quark decay width
Based on m(lb) distribution in dileptonic tt-bar
events

L L L L L
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Decay width extracted from profile-likelihood fit
of templates representing different decay widths
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[ATLAS-CONF-2019-038]
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ATLAS Simulation Preliminary
— 1.32 GeV —0.20 GeV

4
Vs =13TeV, 139 b 1.00 GeV — 1.80 GeV

en — 3.00 GeV —4.00 GeV

* Sensitive to top decay width

* correct lepton-b-jet pairings ~ sensitivity
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I =1.9%0.5GeV

top

SM: 1.32 GeV @ Mgy = 172.5 GeV
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Higgs Physics in ATLAS

All major production / decay modes of the Higgs have been observed (= 50) in ATLAS

ggF VBF VH ttH
Run 1 Run 1 (ATLAS + CMS) 2018 2018

wW/Z T b
o _H _____ L H L
w/ 3 b
H~~ HWW [/ HZZ Hrr Hbb

Run 1 Run 1 Run 1 (ATLAS + CMS) 2018
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Events/2.5 GeV

The Higgs (Re-)Discovery

Inclusive and differential cross sections measured in the H—ZZ*—4l and H—yy channels

We’'re now moving into realm of precision Higgs physics...

[Phys Lett. B716 (2012) 1- 29]

Z . Data

— - Background zz"

E B Background Z-+jets, tt
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[ % Syst.Unc.
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Events/5 GeV
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10F

[ATLAS “CONF-2019- 029]
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[Phys Lett. B716 (2012) 1-29]

ATLAS ¢ Data
— Sig+Bkg Fit (m,=126.5 GeV)

Bkg (4th order polynomial)
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1s=7 TeV, [Ldt=4.8fb"
{s=8 TeV, [Ldt=5.91b"
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[ATLAS-CONF-2019-029]
ATLAS Preliminary + Data E
Vs=13TeV, 139 fo" — Fit ]
----- Background -

* Improved photon 1D

H-yy, my, =125.09 GeV
| | |

TT[TTIT T \Ill\ll\‘\lll‘ll\\‘l

(many more Higgs to play with!)

H—ZZ*—4l 9%
0. =3.35+0.30(stat.) + 0.12(syst.) fb
SM=3.41+0.18"b

H—yy 11%

0. =652+ 4.5(stat.) £ 5.6(syst.) = 0.3(theo.) fb
SM=63.6+3.3fb

Measurements are in agreement with SM

ttH—~~ @ 4.90 (obs) 4.20 (exp)

[ATLAS- CONF 2019- 004]
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(Z)H — 4Lepton Candidate Event

Run: 339849
Event: 1914311665

2017-11-03 00:50:49 CEST




Higgs Boson Cross Sections

Statistical combination of H—ZZ*—41 and H—~~ channels provides more precise inclusive
and differential cross section measurements

[ATLAS-CONF-2019-032]

) L Ao Dl ] > = ATLAS ' Preliminary , 3
£ 100k ATLAS Preliminary — O,y My=12509GeV ] 8 180 - 13 TV, 130 o Z ZT:;neddafa =
% - AHoyy 0 H—ZZ*—41 QCD scale uncertainty . —'é 1.6 O Hozztsdl E
b% | ¢ Combined data mm Total uncertainty (scale ® PDF+o;,) | e NNLOPS K = 1.1, + XH
80 | Systematic uncertainty - 1\% 1.2F —
i | 5 1B | =R Differential p_ distribution
- Total cross section in agreement with SM prediction T 0 8:- ek ﬂ | well described up to 7
60 ﬁg 06% )H 1TeV 3
[ ] 0.4F- # ------ : =
40F 1 e iy :
" 0 i 0:....1...‘|....|....|....1....|.A..‘Hk.0.4$ummh.m§
| . 14r|.l|||llll|IIII||III|II|I|IIII|IIIYlIIIIlIIIIlIII]t
201 \s=7TeV, 451" — 2 1.2F } E
i Vs=8TeV, 20.3fb" 7 o 1-* ............ + ...... + .................... * ....... { ............. =
I Vs =13 TeV, 139 fb ] S 0.8F * { =
0 S T S S S S S S S S S S ST TS BN S ST S MO ST SO S NS g0.6:r|||||||\||||||||||||||||||||||||\||||||||||||||1:
7 8 9 10 11 12 13 0O 10 20 30 45 60 80 120 200 350 1000
GeV
Vs [TeV] Py 1GEV]
Total Higgs boson production cross section: 8 % precision

o(pp — H) = 56.7753(y~), 54.4728(41)| 55.4713(comb.) pb

o(pp — H) = 55.6+ 2.5pb (Theory) (N°LO-NLOinQCD, NLO in EW)
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Higgs Coupling to 2" Gen. Fermions

H- pp H-ee
Very challenging! Small couplings in the SM No sensitivity at LHC to SM couplings
& overwhelming background from Z/y*—pp
[ATLAS-CONF-2019.028) No significant excess is observed
> A B LR L L L L B L B
8 300: ATLAS PreI|m|nary - Data - Lo 4
N osob s=13 TeV, 139 fb" — Total PDF E Upper limit on BR = 3.6x10™ (obs)
~ - H— pu — Signal PDF - -4 ;
2P\ log(1+5/B) weighted .-Bkg.PDF 3 3.5x107 (exp) xS improvement
(] — —_
i - * multivariate discriminants exploit 3
3 1501~ different kinematics of ggF + VBF "4 %103 [ATLAS-CONF-2019-037]
5 100F- signal and DY background events 3 > 00T T T T T T T T T
g = - 1)  ATLAS Preliminary Vs=13TeV,139f0" ]|
= - 5 80_ ¢ Data _
= = *g' R —— Background model ]
2 e ] - 60[- — Sigral (- soBr-2w) ]
? 2] 5 g
5 et T | L ]
110 115 120 125 130 135 140 145 150 155 160 - 1
m,, [GeV] - —
No significant excess is observed C
Upper limit on BR = 3.8x10*  (SM = 2.2x10™) = i + H { + ! ++ ! .
50% improvement § O; + * # * + + + +++++ +++++ ++++++++ +++++++ d )
—500}* llllllllllllllllllllllllllllllllllllll ;
Expect ~15% precision on BR with 3000 fb™ ar-prvs-pus-2018-054] 110 115 120 125 130 135 140 145 150 1[5GS \1/]60
Mee [GE
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Lepton Flavour Violating Higgs Decays

Entries / GeV

Data - fit

[ATLAS-CONF-2019-037]

----- Expected + 1o

700:""""""""'.".""'""""""""""11"— Large sample of Higgs bosons allows us
~ ATLAS Preliminary Vs=13TeV,139f0" J to seach for non-SM decays
600— —
- ¢ Data .
500 — Background model —
400 —— Signal (H— ey BF=0.05%)_f Higgs LFV Limits
] T T T TTTT T T TTTTT T T
300 — ATLAS Preliminary — Observed

Vs=13TeV, 36-139 b

Expected + 2

200 L
Backgrounds = top quarks, 3 eu
100 diboson production, W+jets, —
multi-jets 7 :
68....l....,....l....l...I:IIIZ:ZJJZ:]ZZZ:[ZZZ:ZZJZ_ et farxiv:1007.06131] 4.7x10° [
20 1 ! A } +++ :
_28 + ++H + +++ +++++++++++++ ++++++ +* + ++++ ut [arxiv:1907.06131] 2.8x107 | :
:gg + 107° I1|0|‘2 IIHH I1I(;‘1 IIIH ...1
110 115 120 125 130 135 140 145 150 155 160 95% CL upper limiton B(H — [T) in %

m,, [GeV]

No significant excess observed

Upper limit on BR = 6.1x107° (obs) 5.8x107° (exp)

X6 improvement on previous limit (CMS 2016) [Phys. Lett. B763(2016) 472]
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Di-Higgs Production

Search for Higgs boson pair production via vector boson fusion, where HH—bbbb

Signature = 4 b-jets + 2 jets with large Ay

Sensitive to production of
heavy boson decaying to

HH q q

— - ——

—

q
q q

No significant excess is observed 2
Upper limit on non-resonant production cross- T
section is 1600 fb (obs) 1000 fb (exp) T
o
)
©

The excluded region corresponds to...

¢, <-1.02andc, >2.71 (obs)

c,, <-1.09andc, >2.82 (exp)

Observation of Di-Higgs would require HL-LHC

¢ VVHH coupling 1

q q
H H

— — - ( -

CV K\ RN ~ ~<
H H

q q
q @ q
%t I T T T | T T T | T | T T T | T T T I T T E
B ATLAS Preliminary = Non-resonant signal a
10°E  \s=13TeV, 1261  —— Observed limit (95% CL) 3
- HH—bbbb e Expected limit (95% CL)

4

10 'g_ Expected + 16 _§'
- Expected £ 20 m
10° =
10% =
g 3

Can help constrain

parameters of
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Searches for High-Mass Resonances

Here we’re looking for a resonance / bump on top of a smoothly falling background distribution

dilepton search (m)) Phys. Lett. B 796 (2019) 68 lepton + MET search (m.) arxiv:1906.05609
> T T T T T " T T ' %) T L L T T
@ ATLAS S o8 — W (3 TeV o Data
o 10t o 10 ATLAS —w
et s =13 TeV, 139 fo'' % @ 1o E- 's=13TeV, 130 0" —w %451 E% E%p quark
e . : — W' (6 TeV
=~ 10° . . . W’ — uv selection (6 TeVv) Dz
£ Improved e/u reconstruction and ID- 10 O Diboson
2 40 . MS alignment wrt. previous searches 10° CIMultijet

H 10

e Data
Background-only fit

---- Generic signal at 1.34 TeV,I'/m = 0%
-------- Generic signal at 2 TeV,I'/m = 0%

* Eiata—drjven backggound estimate
b, i i

Pl

10—1 -+ -+ Generic signal at 3 TeV,I'/m = 0% * * 10
L . L 1
2 2l ke St . o
2 g++'++++f+'+*+--***#;+++++*+++}+*{*ﬁ'*#ﬁﬁ@“}***ﬁ'“xf*'w“"""'*""‘ """" ] 2 14
s 4 B 5 12k
S T ae 10° 2x10°  3x10° 5:821
Mee [GEV] o 14
m = 1.2
£8od
No significant excess observed in either search 0 500 000 2000
Transverse mass [GeV]
Sequential SM
Model Lower limits on me [Te‘?l? m(WI) lower llmlt [TeV]
ode obs eeex obsﬂ # ox C ex Decay  Observed  Expected
7 D D | obs exp +800Gev W' — ev 6.0 5.7
Zq)b 4.1 4.3 | 4.0 4.0 \jl(? 4.5 +700 GeV oo T R ;
Z, 16 4.6 | 42 4.2 4.8 200 GV W DY Dl SIS
Zésm | 49 49 | 45 45 | 51 5.1 W’ — ly 6.0 5.8

Upper limits on cross-section are also provided for generic resonances with fixed I' /m (to allow for reinterpretation)



Dielectron Candidate Event

ATLAS

EXPERIMENT

Run Number: 336852, Event Number: 1440436043

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

Dielectron™candidate with
highest invariant .nass in
Run 2
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Searches for High-Mass Resonances

dijet search (m ) [ATLAS-CONF-2019-007]

ATLAS Preliminary

107 s=13 TeV, 139 fb
o Data
Background fit
— BumpHunter interval
- q m, .=4.0TeV
10* 3 q*, m .=5.0TeV

Events
aoo

*

q*, ¢x0.1
p-value = 0.8
Fit Range: 1.1 - 8.1 TeV T

oL W1<08

Significance

No significant excess observed in either search

Upper limits on cross-section are also provided
for generic resonances with fixed I' / m values

Lower mass limit for g*: 6.7 TeV (obs) 6.4 TeV (exp)

Events /0.1 TeV

Significance

(boosted) diboson search

Search for narrow resonances decaying to
WW, WZ, ZZ in fully hadronic final states

Signature = Two high-p_, large-radius jets

4 [arXiv:1906.08589]
10'I""I""I""I""I""I""I""I
10° ATLAS ¢ Data

's=13Tev, 139" =Fi
102 --- Fit + HVT model A m=2.0 TeV
AR -- Fit + HVT model A m=3.5 TeV
10

1

107"
10-2 EWZ or Ww SR

X?/DOF = 6.0/4
10_3.....I....I....I....I....I....I....

2_ ..................... _:

oF Jet substructure of W/Z exploited to .

:‘I_F suppress large multi-jet background ]

15 2 25 3 35 4 45 5
my, [TeV]
* Track-calo-clusters, 3D boosted boson tagger

Model Signal Region Excluded mass range [TeV]
ww 1.3-2.9
HVT model A, gy =1 wZ 1.3-34
WW+WZ 1.3-35
ww 1.3-3.1
HVT model B, gy =3 wZ 1.3=3-
WW+WZ 1.@
ww 1.3-T6
Bulk RS, k/Mp = 1 z7Z none
WW+ZZ 1.3-1.8
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Dijet Candidate Event

mij = 8.02 TeV

/

ATLAS 4

EXPERIMENT

Run: 305777 Dijet candidate with highest invariant mass in Run 2
Event: 4144227629

2016-08-08 08:51:15




Diboson Candidate Event

M(JJ)=4.4 TeV

Run: 338846 ATLAS
Event: 2998836394

2017-10-01 21:17:47 UTC EXPERIMENT

m__=4.44TeV
3

Diboson candidate event with
the highest invariant mass in
Run 2




Searches for SUSY

[https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHY S-PUB-2019-022/]

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2019 \s=13TeV
Model Signature  [£dr[b7'] Mass limit Reference
4, 5-4% Oe.p 26jets EFS 361 1.55 m(EY)<100 GeV 1712.02332
@ mono-jet  1-3jets EPS  36.1 0.71 m(g)-mi})=5GeV 1711.03301
2 ot Oep  26jets EP™ 361 |& 2.0 m(r?)<200 GeV 1712.02332
g z Forbidden 0.95-1.6 m(¥})=900 GeV 1712.02332
& 38 a-aatoOn 3eu 4 jets EE-CAR F 1.85 m(@’)<800 GeV 1706.03731
© ee, 2jets  EPS 361 z 1.2 m(z)-m(¥})=50 GeV 1805.11381
= . :
8 gz goggWzi) Qe 7-1jets EF™ 361 |2 1.8 m(E}) <400 GeV 1708.02794
3 SSe,u 6 jets 139 | & 1.15 m(z)-m(¥1)=200 GeV ATLAS-CONF-2019-015
< .
= 3z gl 0-1eu 3b  EPS 798 [z 225 m(F)<200 GeV ATLAS-CONF-2018-041
SSeu 6 jets 139 |z 1.25 m(z)-m(¥})=300 GeV ATLAS-CONF-2019-015
Biby, By —bT)iE Multiple 361 |5 Forbidden 0.9 m(¥)=300GeV, BR(HE)=1 1708.09266, 1711.03301
Multiple 36.1 by Forbidden 0.58-0.82 m(¥})=300 GeV, BR(bY})=BR (1} 1708.09266
Multiple 139 by Forbidden 0.74 m(t7)=200 GeV, m(¥})=300 GeV, BR( ATLAS-CONF-2019-015
w e Db by —bts — bty Oe,p 6b Eps 139 | B Forbidden 0.23-1.35 AM(ES,70)=130 GeV, m(¥})=100 GeV SUSY-2018-31
L8 By 0.23-0.48 Am(B3, ¥)=130 GeV, m(¥})=0 GeV SUSY-2018-31
[T .
§ - 7 Wbt or i) 0-2e,u 0-2jets/1-2b EX 361 A 1.0 m))=1GeV 1506.08616, 1709.04183, 1711.11520
c g fify, i WhE) Tepu 3jets/1 b EP 139 i 0.44-0.59 m(¥))=400 GeV ATLAS-CONF-2019-017
g’§ fif1, ii—>71bv, 11276 1r+1epur 2jets/1b E'Tniss 36.1 A 1.16 m(71)=800 GeV 1803.10178
T £ ARk /e eoct) Oe.p 2¢ EM 381 |e 0.85 m(¥})=0GeV 1805.01649
s ) i 0.46 m( &)-m(E))=50 GeV 1805.01649
Oe,u mono-jet  EF™  36.1 i 0.43 m(7, ,&)-m(¥})=5 GeV 1711.03301
faiy, a—ot1 +h 1-2ep 4b EPs 361 |4 0.32-0.88 m(¥})=0 GeV, m(# )-m(¥})= 180 GeV 1706.03986
b, L= +Z 3epu 1b Emiss 139 [ Forbidden 0.86 m(¥})=360GeV, m(7;)-m(¥})= 40 GeV ATLAS-CONF-2019-016
XS via wz 23ep EMs 364 | ¥R 0.6 m(t)=0 1403.5294, 1806.02293
ee, up >1 EPS 139 | X/, 0.205 m(¥})-m(¥})=5 GeV ATLAS-CONF-2019-014
2e,pu E'T"iss 139 X 0.42 m(¥))=0 ATLAS-CONF-2019-008
0-1e,u 2b2y  EMss 139 | ¥ /¥y Forbidden 0.74 m(¥})=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
=3 2e,u EMss 439 | 1.0 m(Z,7)=0.5m(¥; )+m(E}) ATLAS-CONF-2019-008
W= 27 Emiss 139 |7 [FL, 7R L] N0M6E0:3] 0.12-0.39 m(i))=0 ATLAS-CONF-2019-018
2e,u Ojets  EP™® 139 7 0.7 m(¥))=0 ATLAS-CONF-2019-008
2e,p >1 EPS 139 7 0.256 m(@)-mE))=10 GeV ATLAS-CONF-2019-014
HAH, A—hG|ZG Oe,u >3b EMS 361 |@ 0.13-0.23 0.29-0.88 BR(Y) — hG)=1 1806.04030
4e,u Ojets  EMs 361 | g 0.3 BR(Y! — ZG)=1 1804.03602
B o Direct ¥} ¥ prod., long-lived ¥} Disapp. trk  1jet  EP™ 361 |i; 0.46 Pure Wino 1712.02118
2 % T 015 Pure Higgsino ATL-PHYS-PUB-2017-019
T .Q
) g Stable g R-hadron Multiple 36.1 z 2.0 1902.01636,1808.04095
S 2 Metastavle g R-hadron, g—qgt" Multiple 36.1 m(t)=100 GeV 1710.04901,1808.04095
LFV pp—v. + X, V- —ep/et/ut ep,et,ut 3.2 A31,=0.11, A132/133233=0.07 1607.08079
YEXT 130 — wwjzeeeevy 4ep Ojets  EMsS 361 m(E))=100 GeV 1804.03602
38, 8—q9%), ¥ = qqq 4-5 large-R jets 36.1 Large 4y, 1804.03568
E Multiple 36.1 m(¥!)=200 GeV, bino-like ATLAS-CONF-2018-003
O 7 il ) = s Multiple 36.1 m(E)=200 GeV, bino-like ATLAS-CONF-2018-003
fify, fi—bs 2jets+2b 36.7 1710.07171
hi, fi—qt 2epu 2bh 36.1 BR(7, —be/bu)>20% 1710.05544
1u DV 136 BR(7; —qu)=100%, cos6,=1 ATLAS-CONF-2019-006

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

1 Mass scale [TeV]
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Searches for SUSY

[https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHY S-PUB-2019-022/]

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2019 \s=13TeV
Model Signature  [£dr[b7'] Mass limit Reference
T T T ——TT T T T —
4, 5-4% Oep  26jets  ENS 361 1.55 m(P) <100 GeV 1712.02332
@ mono-jet  1-3jets EPS  36.1 0.71 m(g)-mi})=5GeV 1711.03301
2 ot Oep  26jets EP™ 361 |& 2.0 m(r?)<200 GeV 1712.02332
g z Forbidden 0.95-1.6 m(¥})=900 GeV 1712.02332
& 38 a-aatoOn 3eu 4 jets ) 361 |# 1.85 m(@’)<800 GeV 1706.03731
© ee, i 2jets  EPS 361 z 1.2 m(z)-m(¥})=50 GeV 1805.11381
B 5z goqWZh Oep  7-jets Ep™ 361 |z 1.8 m(¥}) <400 GeV 1708.02794
3 SSe.u 6 jets 139 | & 1.15 m(z)-m(¥1)=200 GeV ATLAS-CONF-2019-015
< .
= gg gl 0-1e,u 3p  E™S 798 |z 225 m(E})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 4 1.25 m(z)-m(¥})=300 GeV ATLAS-CONF-2019-015
Biby, By —bT)iE Multiple 361 |5 Forbidden 0.9 m(¥)=300GeV, BR(HE)=1 1708.09266, 1711.03301
Multiple 36.1 by Forbidden 0.58-0.82 m(¥))=300 GeV, BR(bY})=BR(1¥})=0. 1708.09266
Multiple 139 | b Forbidden 0.74 m(¥})=200 GeV, m(¥})=300 GeV, BR(t; ATLAS-CONF-2019-015
w e Bibi Bi—b — bt Oe.p 6b  EM 139 |5 Forbidden 0.23-1.35 Am(T3, 7)=130 GeV, m(¥})=100 GeV SUSY-2018-31
L8 by 0.23-0.48 Am(F3,11)=130 GeV, m(¥})=0 GeV SUSY-2018-31
T S .
§ S Ai oWt or 0 0-2e,u 0-2jets/1-2b EP 361 |7 1.0 m(P))=1GeV 1506.08616, 1709.04183, 1711.11520
- g i, [ —>WhY) Teu BjetsAb EFS 139 | & 0.44-0.59 m(})=400 GeV ATLAS-CONF-2019-017
g 5 fif1, i—T1by, 117G ir+lenr 2jetsb EMS 361 |4 1.16 m(71)=800 GeV 1803.10178
s 2 A, ok 186 ik Oe,u 2¢ EM 381 |e 0.85 m(E})=0 GeV 1805.01649
s ) i 0.46 MR, &)-m(P))=50 GeV 1805.01649
Oep mono-jet  EF™  36.1 A 0.43 m(i, &)-m(t))=5 GeV 1711.03301
iaia, -t +h 1-2e.p 4b EMs 364 | & 0.32-0.88 m(¥})=0 GeV, m(7,)-m(¥})= 180 GeV 1706.03986
iy, i +Z Sepu 1b Episs 139 [ Forbidden 0.86 m(¥})=360 GeV, m(7;)-m(¥})= 40 GeV ATLAS-CONF-2019-016
XS via wz 23 ep EMs 364 | ¥R 0.6 m)=0 1403.5294, 1806.02293
ee, >1 EPs 139 | G4, 0.205 m(¥})-m(¥})=5 GeV ATLAS-CONF-2019-014
2eu EMS 439 |8 0.42 m())=0 ATLAS-CONF-2019-008
X1 via Wh O-leu  2b2y EFS 139 | % /¥y Forbidden 0.74 m(¥)=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
= Q XiXivial/v 2e.p Eps 139 A 1.0 m(Z7)=05(m; )}+m(¥!)) ATLAS-CONF-2019-008
W= 27 7o) 27 Ems 439 | F L 7R L] IN0NGE013] 0.12-0.39 m(E)=0 ATLAS-CONF-2019-018
Tirlig, I-00) 2e,u Ojets  EMS 139 |7 0.7 mE)=0 ATLAS-CONF-2019-008
2e,u >1 EP 139 |7 0.256 m(Z)-m))=10 GeV ATLAS-CONF-2019-014
HAH, A—hG|ZG Oe,p >3b  EFS 361 | & 0.13-0.23 0.29-0.88 BR(Y) — hG)=1 1806.04030
4e,u Ojets  EMS 361 | @ 0.3 BR(Y! — ZG)=1 1804.03602
B o Direct ¥} ¥ prod., long-lived ¥} Disapp. trk ~ 1jet  EMs 361 | 0.46 Pure Wino 1712.02118
=2 % 015 Pure Higgsino ATL-PHYS-PUB-2017-019
1=
) g Stable g R-hadron Multiple 36.1 z 2.0 1902.01636,1808.04095
S 2 Metastavle g R-hadron, g—qgt" Multiple 36.1 m(t)=100 GeV 1710.04901,1808.04095
LFV pp—¥: + X, vr—eu/et/ut ep,et.ut 3.2 A5,,=0.11, A132/133233=0.07 1607.08079
YT 100 — wwyzeceeyy 4ep Ojets  EMS 361 m(E)=100 GeV 1804.03602
32, 8-9001. X = q4q 4-5 large-R jets 36.1 Large 7, 1804.03568
E Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
O 7 il ) = s Multiple 36.1 m(E)=200 GeV, bino-like ATLAS-CONF-2018-003
fi, fi—bs 2jets+2b 36.7 1710.07171
i1, fi—qt 2eu 2b 36.1 BR(7, —be/bu)>20% 1710.05544
1y DV 136 BR(7; —q1)=100%, cosf=1 ATLAS-CONF-2019-006

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

1 Mass scale [TeV]
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Events

Significance

Search for Strong SUSY

Stop Pair Production (3 body decay)

Looking for some specific signatures in some difficult channels

A machine learning approach is used to discriminate
the signal from the large dominant tt-bar background

Extends the limits on top squark masses to 720
GeV (with neutralino masses up to 580 GeV).

[ATLAS-CONF-2019-017]

L L R L I = —
ATLAS Preliminary1 < Data %Total SM E >
105 Vs =13TeV, 139fb" it @iy 8
OW+jets [[@Single top— —_
. Il Multi-boson S —
10 —mi = 1>
1,x) (500,380) GeV = TE/

1 IIIIL|_| { IIIIIIII| IIIII|I.L| 111

-1 : :
_2 | I - | L1 1 1 l I I;I I | | I - I | - | - I_:
0.4 0.5 0.6 0.7 0.8 0.9 1

(Output score of ML classifier) NNy

fﬂ production, f1—>bff)~( fﬁbw’i T1—>t52

b

~0
X1

q
q

Signature = one (isolated) lepton
+ high-p_jets + MET

L L L L LA L LB L
800— ATLAS Preliminary —— Observed limit (+15,,) 3
7005 Vs =13 TeV, 139 fo" === Expected limit (10,5
600E Limit at 85% CL e
5001 =
400F- 3
300F =

RO m
200? E
1002_, ;{\j‘“\@ See Stephanie’s Talk on Thursday _;

OLI 1 1 | 1 1 | 1 | 1 1 1 1 | 1 ] | 1 I 1 1 | 1 I 1 1 | I_
200 300 400 500 600 700 800

m(t,) [GeV]
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Events / 30 GeV

12

10

Search for Electroweak SUSY

: : T
Stau Pair Production
. . . : p
Staus theoretically interesting (eg. a light stau / DM) N ~0
but experimentally challenging due to... T _ - X1
* Extremely low production rate :
* Difficulties in reconstructing tau decays at the LHC = o= )‘6(11
p
First time sensitivity in ATLAS! T

Extends the LEP limit of around 90 GeV Signature = two (hadronic) taus + MET

T Tay 2 X T, [ATLAS-CONF-2019-018]

300

T I T T T I T T T l T T T l T T T I T T T I T T T I T T T

) [GeV]

ATLAS Preliminary ~ tdata  XISMTotal

{s=13TeV, 139 fb™ Multi-jet Multi-boson
Wjets .Top quark

%3 250~ Vs=13 TeV, 139 fb”

- - - - Expected Limit (+1¢
All limits at 95% CL

m(

w ----m(E %)) = (280, 1) GeV
N mmmmmmme-

100

|III|III|III|IIIIIIIII1

|IIII|‘\IIII|IIII|IIII

- ATLAS Preliminary SR-combined

oxp)

SUSY

SR-highMass 200 =~ === Observed Limit (x106...)
post-fit Z+jets WM Higgs &
—e--mE %) = (120, 1) GeV & .7 Exclude 120 GeV - 390 GeV where
1 150 lightest neutralino is massless

N \ E
SRR - NN J N T 50
N \Y - L
'I\$\| L L _/I/ ||||IIIII|II|II|IIIIIIII|I::I I"l L1111 I | -
80 100 120 140 160 180 200 220 fo 150 200 250 300 350 400 _ 450 500
m(®) [GeV]
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Events

8

6

Long Lived Particles

Disappearing or Many BSM models predict long lived (weakly interacting)
. Gl | particles — displaced objects in detector

multitrack vertices

— Non-pointing 4
\ .- (converted) photons p
A B i
w7 . t_ H
Displacediepione, &) B g jets eg. atop squark with a “" N
epton-jets, or ro? . . - :
o d particular RPV coupling S~< ’
t
i \ P A3, :
i Trackless,
/4'\ low-EMF jets q

Meta-stable charged

paricies, Signature = displaced muon + displaced vertex

7
|

Multitrack vertices in

the muon spectrometer

Reconstructing these events required
developing dedicated techniques for displaced muons/vertices

Stop R-Hadron, pp — 11, 1 — pj [ATLAS-CONF-2019-006]
T T IIIIII| T T IIIIIII T T IIIIII| T T T TTTTT —
—ATLAS Preliminary -eData [7]Heavy Flavor % 2.8F .
" Vs=13 TeV. 136 fb! | Fakes [[]Cosmics =, - ATLAS Pre“mm?ry .
L EMS Trigger Selection (m.w)=(1.7 TeV, 0.01 ns) 1 -
— Full Muon Selection E”‘;’TT;=E1-7 Iex’ 01 r;s) — € 2.4 === Expected Excl. Limit (+1,2 Gexp)
----- m,t)=(1.7 TeV, 1 ns i - o
B :;::lsicrf;sslj\[/;/ w/ >3 Tracks - T 2.2 :_ - Observed Limit (+1 Gtshl‘ii;)
__ _> __ 2 :_ Exclude masses below 1.3 TeV for
B i 1.8F lifetimes 0.01 ns - 30 ns
[ » ] E e,
. 0 background events 1.6 S
- y ; /// 1 .45_ --------
B 7 % 1.2
;%ﬁ:"'::ﬂ:&-- r m Lol ool Lo aaal 11 |||;|
—2 —1 2
1 10 10 10 1 10 ~ 10
t(t) [ns]
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Light-by-Light Scattering

Observation of light by light scattering (~~—~~y) in ultra-peripheral collisions of Pb+Pb @ 5.02 TeV
(For UPCs impact parameter > x2 radius of ions)

[Phys. Rev. Lett. 123 (2019) 052001]

Very rare process — sensitive to new physics 10 Sl L R LN R R RN

S | - ATLAS ]

o 45__ ]

Pb %ﬂ Pb 3 4o Pb+Pb \sy = 5.02 TeV J

photon photon qc) - .

N o 35F T

| —-eo- Data 2018, 1.7 nb ]

305 [ISignal (yy = vv)

prhl::rt-sr‘ud‘l\‘\F photon 25:_ A¢ = (1 = |A¢y,|/m) EEJCEP gg — vy E

= B vy — ee .

Pb—r Pb - : 3

20F || ¢ i Sys. unc. =

Signature = Exclusive production of two low E_, 15f— * —f

back-to-back photons in otherwise empty event 10:_ . e

SETTe ¢ s

59 candidate events observed for 12 £ 3 0 : 3
events expected from background (8.20) 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 2.08

0

This result demonstrates the power and flexibility of the ATLAS detector
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~Y—y Candidate Event

Pb+Pb collisions \/sNN =5.02 TeV

AI LAS Run: 366994 TWO’YwithAd):0.00Z
Event: 453765663 + no additional activity in event

EXPERIMENT 2018-11-26 18:32:03 CEST




Other New ATLAS Results

A@% ATLAS EXPERIMENT — PUBLIC RESULTS

Summary of ATLAS 13 TeV results using the full 2015-2018 (Run 2) dataset

This page provides a compact summary of published and preliminary ATLAS physics and performance results on 13 TeV proton—proton collision data based on the Run-2 data-set taken between 2015 and 2018. For questions, please, contact the ATLAS physics coordinators. See the central publications
e for other results from ATLAS.

This page also provides links to ATLAS Physics Briefingse for specific results. These are intended to provide a general introduction to ATLAS physics results for a non-specialist audience.

Physics results

Format ort Title Date Vs (TeV) L Links

Documents | 1909.00761 | Inspire

TRIG Paper Perfarmance of the electron and phaton triggers of the ATLAS experiment during LHC Run-2 NEW 02-SEP-19 13 146 ot o

susY Paper Chargino pair, slepton pair; 2 leptons NEW 21-AUG-19 13 139 L Ef::l‘“e“..‘..s. | 1908.08215 | Inspire
HDBS Paper HH->bb WW-=> bblviv NEW 19-AUG-19 13 139 fbl Efmal

sSuUsY Paper Sbottom; b-jets 08-AUG-19 13 139 fb! Efmal

HIGG Conference note Search BSM H(125)->emu lepton flavor violating decay and H(125)->ee 05-AUG-19 13 139 bl

susy Conference note Gluino pair; squark pair; gluino-squark; 0-lepton 05-AUG-19 13 139 fb!

TOPQ Conference note Top width measurement in dilepton ttbar 02-AUG-19 13 139 fb! Documents | Intemal

HDBS Conference note Dimuon search + b-jet at 8 and 13 TeV 31-JuL-19 13 139 fo! Documents | Intemal

STDM Conference note Lund Plane measurement with charged particles 24-JUL-19 13 140 fot

STDM Conference note Observation of electroweak production of two jets in association with a Z-boson pair 12-JUL-19 13 139 fpl

STDM Conference note Z{-->Il) gamma cross section at 13TeV 12-JUL-19 13 139 ol Documents | Intemal

FTAG Conference note Soft b-hadron tagging for compressed SUSY scenarios 11-JUL-19 13 139 bt Documents | Intemal

HDBS Conference note VBF HH to 4b 11-JUL-19 13 126 ot Documents | Intemal

HIGG Conference note H(125) combination differential cross-sections gamma gamma and 4! 11-JUL-18 13 130t

HIGG Conference note H(125)->gammagamma differential cross sections 11-JUL-19 13 139 fol

HIGG Conference note Search H(125)->mumu 11-JUL-19 13 139 bl Documents | Briefing | Intemal
susy Conference note Chargino-neutralino pair; Higgs boson in final state, 2 b-jets and 1 lepton 10-JUL-19 13 139 fb! Documents | Intemal

HIGG Conference note n(125)->41 STXS and differential cross sections 09-JUL-19 13 139 fot Documents | Briefing | intemal
TOPQ Conference note Measurement of ttbar charge asymmetry at 13 TeV in I+jets 09-JUL-19 13 139 fo! Documents | Briefing | Intemal

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ResultswithData2018



Preparations for Run 3 (and Beyond)

LHC / HL-LHC HiLumi )

LHC HL-LHC

LS1 EY ETS “ 14 TeV } LS3 14 TeV
13 TeV energy
splice consolidation INJECTOR UPGRADE Jimi gt}%;l{'ngl
7 TeV 8 TeV button collimators TDIS absorber mec;:gtliton . HL.LH? luminosity
S— R2E project 11T dipole & collimator regions installation

Civil Eng. P1-P5

2011 | 2012 ‘ 2013 | 2014 | 2015 | 2016 | 2017 | 2018
ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 x nom. luminosity 2.5 x nominal luminosity upgrade phase 2
L]

75% I nominal luminosity I ALICE - LHCb
nominal upgrade

.
luminosity
o T -

* New all-silicon inner tracker
Upgrade Phase 2 * New electronics in calorimeter / muon systems
* TDAQ upgrades (HPC, parallelization, GPUs?)



Summary

Excellent performance of LHC and ATLAS detector — Run 2 dataset of 139 fb™

* High precision measurements of Higgs, multi-boson and top quark properties
* Progress in some very rare physics searches

» Searches for new physics through new signatures and improved sensitivities
No significant deviations from SM predictions... so far!

Improvements/repairs to ATLAS detector are ongoing for Run 3 (and HL-LHC)

Much more to come... stay tuned!
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[fb-GeV]

dm(lty)

Pred./Data

ZYy—lly Production

Provides tests of EW sector of SM / sensitive to new physics effects (eg. direct couplings of Z to photons)

p e~ Differential cross sections measured wrt. the lly system
q ——<—
o+ Precision better than 5% in most measurement bins
7 3
§ —— > NAANANANAN Y compared with parton shower MC generators and parton-level

FSR and g/g fragmentation generator Matrix (corrected to particle level).

processes removed

[ATLAS-CONF-2019-034]

= T T T T T T T T T T o = F T T T LI L L L
B ATLAS Preliminary > B ATLAS Preliminary -
= — = (.') = -1 4
"OF (s= 13 TeV, 139 fb™' 5 2 E (s= 13 TeV, 139 fb™' 3
- Z(=ll)y B B C Z(=ly §
1 — SE L —
e = ° B =
e - E = E
E S5 MATRIX NNLO MATRIX NNLO E - S SherpalO Madgraph NLO slightly a
102 Z= MATRIX NLO generally in good | 102 Z= Madgraph NLO underestimating overall |
= e Data agreement! e = e Data normalisation =
._ e e - - SRS PP EEEA R R R
1Ezenie y o e ‘Q“ e o _o 8. 0 o ® QM% ° %
g:_%&* / ) bosssl E g O.SL%%W . e, _:
wl 1 1 1 1 1 : DL- E 1 1 1 1 1 1 3

95 1207130 140 150 160 170 190 220 250 300 400 500 700 2500 95 120 130 140 150 160 170 190 220 250 300 400 500 700 2500

m(lly) [GeV] m(lly) [GeV]



Resonance Search in bjuu Final State

[arXiv:1610.06536]

* ALEPH archived data: p*p”
++ signal+background

~
o
TTT

Recent result on archived LEP data reported excess in dimuon
invariant mass spectrum in events with a b-quark — with a local =
(global) significance of 5.00 (2.60)

------- background only

Events / 1 GeV
(6] ()]
o o
Ty IIIIIIIIIII
5
L S—

signal

Events / GeV

Events / GeV

[ATLAS-CONF-2019-036] Central - Forward
R L B A I L B L B B AL BLR B R B |
14|~ ATLAS Preliminary 4 & 290 ATLAS Prelimina
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m,, [GeV] My, [GeV] .
8 TeV data: [JHEP 1811 (2018) 161]
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Region SR1 SR2 SR1 SR2 . .
Local significance (28 GeV) 0.5 0.5 0.7 0.2 No significant excess is observed
Max. significance 09(29.5GeV) | 1.1(29.5GeV) | 0.8 (27.5GeV) | 2.1 (26 GeV)




Higgs Combined Measurements

Uncertainty source Apfp [%]
Statistical uncertainty 4.4 A TLAS TOtaI Stat' == SySt' | SM
Systematic uncertainties 6.2 E = 13 TeV, 245 - 798 fb-1
Theory uncertainties 4.8 mH = 125.09 GeV, |y | < 2.5
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Higgs Combined Measurements

BSM Higgses searched for both directly and indirectly — couplings measurement provides indirect limit on m (hMSSM)

=3 ATLAS ] Obs. 95% CL
S Vs=13TeV,24.5-798f" oo Exp. 95% CL
my, = 12509 GeV, |y, | <2.5
hMSSM
10 -

| | | | | | | | | I | ‘I‘\ | | I | | | |
00 300 400 500 600
[arXiv:1909.02845] mA [ G eV]



Di-Higgs Combined Measurements

[arXiv:1906.02025]

" ATLAS  —e— Observed

C (5=13TeV, 275-861f0" 1 Eigzgzg e ]
N GSQAF (pp — HH) = 33.51b Expected = 20 i
i _ Obs. Exp. Exp.stat. _

HH BB . 125 15 12
HH— bbbb I | . 129 21 18 |
HH— bbyy I + - 20.3 26 26 |
HH— W'WW*'W I | - + 160 120 77 _
e Wwrr | | . + 230 170 160
HH— bbW*™W’ I | } 305 305 240 ]
Combined| f4 - Ces 0 88

10 10? 10° 10° 10°

95% CL upper limit on O yoF (pp — HH) normalised to GSMF

g9

Non-resonant Higgs boson pair production cross-section is 6.9 x 6 @ 95% CL



Higgs Self-Coupling Constraints

(Direct) HH

[arXiv:1906.02025]
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[ATL-PHYS-PUB-2019-009

ATLAS Preliminary
{s=13TeV, 36.1-79.8 fb™

m,, = 125.09 GeV

- - - Stat. only

— Stat. + Exp. Sys.
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A(HHH) contributes to single Higgs
processes at NLO EW via Higgs self
energy loop correction
(+ additional diagrams).

Therefore an indirect constraint on
A(HHH) can be extracted by comparing
precise measurements of production
yields and SM predictions.
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