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Run 2 is over!

Huge thanks to the LHC division for efficient and smooth operation
© 2018:~ 70 /fb
© Run-2 integrated: ~ 160 /fb (goal: 120 /fb)

Delivered Luminosity [fb™]
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Huge thanks to the LHC division for efficient and smooth operation

© 2018:~ 70 /fb

Run 2 is over!

© Run-2 integrated: ~ 160 /fb (goal: 120 /fb)

Delivered: 158 fbo™!

13 TeV

orded: 149 fb™
sics: 140 fb™

— 80— T T 1 — = B
o) - . L . 2160~
&=, 2o ATLAzs0 1(znIme{_l_w?_lrnesny ] =S - ATLAS /s =
— pp Vs=7Te — L .. =
% - —— 2012pp (s=8TeV ] %’140_—Pre“mmary
o) - 2015pp Vs=13TeV ] a - _
€ 60 _—_ 2016pp (s=13Tev — S 100 ] LHC Delivered Rec
& - —— 2017 pp Vs=13TeV ] e - Phy.
S 50F =2018pp (s=13Tev ] > N DATLAS Recorded
- . —1100— .
8 - ] o - DGood for Physics
— — 7 _'G_)' L
o 0 1 ® 80F
= ~ T O —
QL 30K = L 60
a - 1; € ]
201 J8 8 40F
X: 18 3%
10[- =k 201~
O: | | ! ; | i | - o—— I
yan A AN oct

Month in Year

© usable for physics: ~ 140 /fb

To come:

© Run 3:2021— 2023, 150 /fb at 14 TeV

© Run 4:2027+,

3000 /fb at 14 TeV
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1808.0/7858

Run 2: exquisite understanding

electron momentum scale & resolution; pt(miss) resolution
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tagging (boosted) hadronic W, top decays: moving to advanced techniques
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https://arxiv.org/abs/1808.07858

ATLAS physics programme

Standard Model measurements: Over 800 publications submitted
by ATLAS in total (~100 in 2018)
© electroweak measurements .
Full details at
© top quark physics https://twiki.cern.ch/twiki/bin/view/AtlasPublic

© flavour-changing neutral current processes

Searches for BSM physics:

© generic SUSY

© dark matter

© exotic signatures: long-lived heavy particles
Higgs boson physics:

© H(125) properties

© search for di-Higgs production

Heavy-ion physics


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

Standard Model measurements

Standard Model Production Cross Section Measurements

Status: July 2018
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ATLAS-CONF-2018-030 ATLAS-CONF-2018-033

Observation of EW WW, WZ production

Sensitive probes of triple gauge-boson couplings

© studied for leptonic W, Z decay modes
* WW:W*W+* /W-W- only

q/// q///
174 144 174 144
1 w4 W Q\‘\mwi ! W=
HO
Z z z z
q q q q
/ / q /

q q


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-033
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-030
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Observation of EW WW, WZ production

° ° ° ° q
Sensitive probes of triple gauge-boson couplings »
e wW*
© studied for leptonic W, Z decay modes
© WW:W+W+* /W-W- only .
cc\; 45 E_ 'A'TL'A'S I-l’rélirhir;ar'y T '.' o | —— ? 102 - ATLAS Preliminary {s=13TeV,36.1fb" | EE q .
— 40F (5=13Tev,36.1 10" CIWZEW 4 3 ® Data o q
I C W*Z-QCD 3 = B — Sherpa (scaled) —| 4 <
CIC.) 35 ;— [ f/l%sid. leptons 3 E: : """ WZJ:J:_EW x1.77 E
> n v tt+V 3 aq s = WZjj-QCD x 0.6 |
m 30 - // - tZJ and VVV __: -ci\ -_I-. I I . U) T T T T | T T T T | T T T T | T T T T | T T T T
o5 E- 7 oL une 3 % ] = - = " ATLAS Preliminary —¢— Data .
- 7 3 107° - T o I 7] G>.) Vs=13 TeV, 36.1 fb! Wtwtﬁ QcD
= a - it L _|
20F = S ; I 60 Non-prompt
o ) 3 F e i T D =110 B e/y conversions
15 = E B : ] B . \(/)vz |
C ] i | : ] ther prompt
10 % = i 4 44444 Total uncertainty
[ 7 : | 0] _
sE Z N B
C E 8_ O
e ———— | O s - A
S 2r 1 2
o 1 e F 20 = —+— =
S I T s 0 % 7 g B 1
e e el Qi 4 osf - .
- 05 0 0-5 1 50 1000 oo o0 500 1000 1500 2000 2500 3000
BDT Score m; [GeV]
m, [GeV]

Signal significances:

© WLZ:5.6 O observed (3.3 0 expected)
© same-sighn WW: 6.9 0 observed (4.6 0 expected)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-033
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ATLAS-CONF-2018-037 Way,

k\ZIJ

Measurement of sin2(Ow)

Of continued importance due to tension between LEP-era measurements

New measurement using 8 TeV data (2012)

| | full phase space:
< at LO and ignoring acceptance effects: Ace — S A,

3
do 3 doV+t
dy®*dm*dcosf 16w dy** dm?

©® good agreement overall between data & predictions (not using absolute rates)
+ cross-check with results obtained using unfolded differential dO

(1+ cos’ O + A, cos 0)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037

ATLAS-CONF-2018-037 Way,

k\ZIJ

Measurement of sin2(Ow)

Of continued importance due to tension between LEP-era measurements

New measurement using 8 TeV data (2012)

| | full phase space:
< at LO and ignoring acceptance effects: Ace — S A,

3
do 3 doV+t
dy®*dm*dcosf 16w dy** dm?

©® good agreement overall between data & predictions (not using absolute rates)

+ cross-check with results obtained using unfolded differential dO
ATLAS Preliminary

(1+ cos’ O + A, cos 0)

LEP-1and SLD: Z-pole [ - 0.23152 + 0.00016
LEP-1and SLD: AZ® | —e—i | 0.23221 = 0.00029
SLD: A B —e—i 1 0.23098 = 0.00026
Tevatron B — 1 0.23148 = 0.00033
LHGb: 7+8 TeV B | . . | 0.23142 + 0.00106
CMS: 8 TeV B — . | 023101000053 sin? Hgff = 0.23140
ATLAS: 7 TeV K . . | 028080 + 0.00120 +0.00021 (stat.)
ATLAS: ee o+ — 0.23119 = 0.00049
ATLAS: ee,, o e |0.23166 = 0.00043 +0.00024 (PDFs)
ATLAS: 8 TeV B — 1 0.23140 = 0.00036 + 0.00016 (syst.)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037

JHEP 10 (2018) 047
Angular analysis of Bg = K* u*u- decays

FCNC process, of great (renewed) interest following LHCb 3.4 G tension
with SM predictions
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https://doi.org/10.1007/JHEP02(2016)104
https://link.springer.com/article/10.1007/JHEP10(2018)047

1812.03017

Bd,S — u+u.

Rare FCNC decay sensitive to BSM
loop contributions

Multivariate analysis (BDT) to suppress
continuum bg, yields extracted from
m(p*U-) distributions in different

BDT intervals

© same variables as in Run-| analysis; BDT output not correlated with mass
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Bd,s — u+u.

Rare FCNC decay sensitive to BSM
loop contributions

Multivariate analysis (BDT) to suppress
continuum bg, yields extracted from
m(p*U-) distributions in different

BDT intervals

© same variables as in Run-| analysis; BDT output not correlated with mass
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https://arxiv.org/abs/1812.03017

ATLAS-CONF-2018-027

Spin correlations in tt decays

Top-quark spin transmitted to decay products, charged lepton is a sensitive
probe " also for spin correlations in dilepton tt events

< used earlier to search for stop pair production with m(t) ~ m(t)

© consider A@(e,M) in lab frame

® integrated & in bins of m(tt)
Find stronger spin correlations than predicted by SM (3.2 O)

< possible hint for un-understood production (e.g. t1t* — tx"tyY or decay
(e.g. t — H™ b) characteristics
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EP) C78 (2018) 565

Search for resonances decaying to tt

Searched for in lepton+jets events

© high branching fraction, “tractable” kinematic constraints, exploit top tagging

© absence of a signal used to set limits on several benchmark signal models

©® /' (top-colour-assisted technicolour &
simplified DM models) , f

© RS gk, Gkk
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EP) C78 (2018) 565

Search for resonances decaying to tt

Searched for in lepton+jets events

© high branching fraction, “tractable” kinematic constraints, exploit top tagging

© absence of a signal used to set limits on several benchmark signal models
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Searches for BSM physics

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

Status: July 2018 [L£dt =(32-79.8) fo~! V5 =8,13TeV
Model t,y Jetst ET™ [rdt[m] Limit Reference
T ! ! L ! ! L ! ! ot
ADD Gk +g/q Oe,u 1-4j  Yes 36.1 Mp 7.7 TeV n=2 1711.03301
€ ADD non-resonant vy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
S ADDQBH - 2j - 370 |Ma 89TeV =6 1703.09217
& | ADDBH high 3, pr >le,pu >2j . 3.2 M 8.2 TeV n=6, Mp =3TeV,rot BH 1606.02265
£ ADD BH multijet - >3] - 3.6 Mp 9.55TeV n=6, Mp=3TeV,rotBH 1512.02586
g RS1 Gk — vy 2y - - 36.7 | Gk mass 4.1 TeV k/Mp = 0.1 1707.04147
§ Bulk RS Gk —» WW/zZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp = 1.0 CERN-EP-2018-179
W Bulk RS gkk — tt 1e,u >1Db,>1J/2] Yes 36.1 gKkk mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP leu 22b,>23j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(A®D — tt) =1 1803.09678
SSM 7" — ¢¢ 2e,u - - 36.1 Z’ mass 4.5 TeV 1707.02424
(%) SSMZ' —» 17 271 - - 36.1 Z’ mass 2.42 TeV 1709.07242
S  Leptophobic Z’ — bb - 2b - 361 | Z mass 2.1 TeV 1805.09299
3 Leptophobic Z’ — tt le,u 21b,>21J/2) Yes  36.1 Z’ mass 3.0 TeV r/m=1% 1804.10823
ﬁ SSM W’ — ¢v Tepu - Yes  79.8 | W’ mass 5.6 TeV ATLAS-CONF-2018-017
S SSMW -1y 17 - Yes  36.1 | W’ mass 3.7 TeV 1801.06992
8 HVT V' - WV — qqqq modelB O e, u 2J - 79.8 V’ mass 4.15 TeV gv =3 ATLAS-CONF-2018-016
HVT V' — WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv = 1712.06518
LRSM W} — tb multi-channel 36.1 | W mass 3.25 TeV CERN-EP-2018-142
_ Cl qqqq - 2j - 37.0 A 21.8TeV 7, 1703.09217
@) Cl ttqq 2e,p - - 36.1 A 40.0 TeV 7, 1707.02424
Cl tttt 2lepy 21b21j] Yes  36.1 A 2.57 TeV |Carl = 4 CERN-EP-2018-174
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mped 1.55 TeV g4=0.25, g,=1.0, m(x) = 1 GeV 1711.03301
g Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mped 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VVxx EFT (Dirac DM) Oep 1J,<1j Yes 32 |m, 700 GeV m(x) < 150 GeV 1608.02372
Scalar LQ 15t gen 2e >2j - 3.2 LQ mass 1.1 TeV =1 1605.06035
9. Scalar LQ 2" gen 2u >2j - 3.2 | LQmass 1.05 TeV B=1 1605.06035
Scalar LQ 3™ gen leu  21b,23] Yes 20.3 [lOmasesocev B=0 1508.04735
VLQ TT - Ht/Zt/Wb + X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet ATLAS-CONF-2018-032
N VLQ BB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet ATLAS-CONF-2018-032
% :EU vLQ T5/3 T5/3|T5/3 - Wt+ X 2(SS)/>3 eu=21b,21j Yes 36.1 Ts/3 mass 1.64 TeV B(Ts;3 > Wt)=1, c(Ts;3Wt)=1 CERN-EP-2018-171
:?:’ 8— VLQY —» Wb+ X ey 21b>1] Yes 3.2 Y mass 1.44 TeV B(Y — Wh)=1, c(YWb)=1/V2 | ATLAS-CONF-2016-072
VLQ B - Hb+ X Oeu,2y >21b,>1j Yes 79.8 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
VLA QQ — WqWgq Teu 4] Yes 203 [OmaESIeo0Gev 1509.04261
« Excitedquark g — qg - 2j - 37.0 q* mass 6.0 TeV only u* and d*, A = m(q*) 1703.09127
8 S Excitedquark g* - qy 1y 1j - 367 |gqmass 5.3 TeV only u* and d*, A = m(q") 1709.10440
S E Excitedquark b* — bg - 1b,1j - 361 |b*mass 2.6 TeV 1805.09299
W & Excitedlepton ¢* 3eu - - 20.3 = A=3.0TeV 1411.2921
Excited lepton v* 3eu, 1 - - 20.3 AN=1.6TeV 1411.2921
Type Ill Seesaw 1epu >2j Yes 79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2e,u 2] - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
. Higgs triplet H** — ¢¢ 23,4eu(SS) - - 36.1 870 GeV DY production 1710.09748
_‘1:’ Higgs triplet H** — (7 3eut - - 20.3 DY production, B(H;* — (1) =1 1411.2921
"o" Monotop (non-res prod) 1eu 1b Yes 20.3 anon—res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
L L L L L L L1 I L L L L

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

10 Mass scale [TeV]
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Searches for supersymmetry

~ ~ ~ ~N

Both for strong (4q, £8) and EW (X*X©°) production

q

: alsoW —0v
© also using new . \

reconstruction
techniques (R|R)
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Searches for supersymmetry
Both for strong (4q, £8) and EW (X*X©°) production

© also using new . \
reconstruction

techniques (R|R)

alsoW —0v

Significantly enlarged excluded region for strong production;
excess in EW search in both 20, 32 regions (largest deviation: 30)

400

200

© compatible with compressed scenario (M = — mgo ~ 100 GeV)
2 '
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Searches for heavy, long-lived particles
Arise in many BSM models (Hidden Valley, SUSY, ...); cT poorly constrained

ATLAS searches for both heavy charged (through dE/dx) & neutral particles
(decays in Muon System)
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ATLAS-CONF-2018-039
arLas-cone20is0s1 - Searches for Dark Matter

Mono-H(bb) (£’+2HDM simplified model)
as a test case for reconstruction improvements

q

© variable-radius jets (R ~ 30 GeV/p7) to
reconstruct high-pt H —bb as “pencil” jets
inside large-R jet
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ATLAS-CONF-2018-039
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m, [TeV]

Mono-H(bb) (£’+2HDM simplified model)

as a test case for reconstruction improvements

<

variable-radius jets (R ~ 30 GeV/pr) to

reconstruct high-pt H —bb as “pencil” jets

inside large-R jet

Combination of DM searches
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Vs =13 TeV, 36.1 b
JHEP 10 (2017) 182

&= Dijet

Dijet ¥s = 13 TeV, 37.0 fb™
PRD 96, 052004 (2017)

Dijet TLA ¥s = 13 TeV, 29.3 fb™

PRL 121 (2018) 0818016

mls

Er+y ¥S=13TeV, 36.1 b
Eur. Phys. J. C 77 (2017) 393
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ET+jet Y5 =13 TeV, 36.1 fb'
JHEP 1801 (2018) 126
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Searches for Dark Matter
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[ ATLAS limits at 95% CL, direct detection limits at 90% CL
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— Dilepton

fs =13 TeV, 36.1 fbo'
JHEP 10 (2017) 182

£ Dijet

Dijet ¥§ = 13 TeV, 37.0 fb™!
PRD 96, 052004 (2017)
Dijet TLA ¥§ = 13 TeV, 29.3 fb"!

PRL 121 (2018) 0818016

miss
E; T +X
ET*+y ¥s =13 TeV, 36.1 fb”!

Eur. Phys. J. C 77 (2017) 393
E7**+jet V5 = 13 TeV, 36.1 b
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Figgs boson physics
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Observation of VH production,H — bb

Aim: demonstrate H — bb. Evidence already last year

Analysis with 80 /fb: 4.9 O signal (expected: 4.3 O)

© |leptonic W, Z decays Z — bb peak as standard candle
(o} FrrrrrrrryrrryprrTrr T T T T T T T T T T T T T T T T T L L L L L I
S - ATLAS —e-Data ] ATLAS —e Data ]
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Observation of VH production, H — bb

Aim: demonstrate H — bb. Evidence already last year

Analysis with 80 /fb: 4.9 O signal (expected: 4.3 O)

© leptonic W, Z decays

© combination with other channels suffices to claim observation

© VH:H — ZZ* — 0+0-0+0 H =Yy

® H — bb: ttH,VBF

—Total Stat.
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WH ——o—— 1.08 "y, (D027 0.
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H —bb: 5.4 0 (expected: 5.5)

ATLAS VH s=13 TeV, 79.8 fb !
—Total — Stat.
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VH: 5.3 0 (expected: 4.8)
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Essential to obtain unambiguous information on y; information (no loop
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Observation of ttH production

Essential to obtain unambiguous information on y; information (no loop

contributions)

© decay modes:YY, ZZ*—4|, bb,

multi-leptons (WW, TT)
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BSM interpretations

Constraints both from H(125) measurements, searches for other Higgs
bosons

© example: (MMSM

October 2018
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An essential step towards probing the Higgs potential

Di-Higgs production

ATLAS-CONF-2018-043

© also (alternatively) probe heavy resonance (—HH) production (Gkg, ..)

© hlghest senS|t|V|ty for at Ieast one H — bb decay bbbb, bbyy, bbTT)
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1804.06174

An essential step towards probing the Higgs potential

© also (alternatively) probe heavy resonance (—HH) production (Gkg, ..)
“ highest sensitivity for at least one H — bb decay (bbbb, bbyy, bbTT)

Combination of multiple channels starts to yield interesting results
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Many fresh results in both pp (and heavy ion!) collisions

* in this presentation could only cherry-pick from the highlights

Only a few results used even the 80 /fb 2015—2017 (pp) dataset
* next few years: expect many analyses to use the full Run-2 dataset..

* as well as the advances in understanding & reconstruction techniques
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" YY et*e in ultra-peripheral Pb Pb collision



