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ATLAS: 10 years at the energy frontier
CERNCOURIER

LARGE HADRON COLLIDER

® The LHC has provided a unique playground
for us to perform measurements that ENERGY FRONTIER
could not have been done otherwise ?

® Precision measurements in multiple areas

e QCD, Top,.... Higgs

® Search for rare processes

® Search for new phenomena

® Today | will show some selected new
results

ooling
Proto nsmrget cardlac arrhythmia
Exploring the Einstein Telescope
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LHC Run 2

o160 ® The performance of the LHC and ATLAS in
= L AILAS \s=13TeV PP :
2140 Preliminary Run 2 (2015-2018) was outstanding

® Delivered: 156 fb-1

® Recorded: 147 fb-1
(Data taking efficiency 94.2%)

® Good for Physics: 139 fb-1
(Efficiency 94.6%, high data quality)
e Total luminosity know to precision of 1.7%

|
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<120 . . LHC Delivered Recorded: 147 fb
-

ATLAS Recorded ' Ysics: 1391
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9 f ® QOver 100 papers produced with Run 2 data
20 o | will present some of the more recent
0—— ! results.
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Detector Understanding & Performance

e Understanding of the detector is critical
® Reconstruction of physics objects (e, U, T, jets...) precisely known from careful data-driven calibrations
e Several improvements during the last year using machine learning techniques (e.g. b-tagging, t-identification...)

Alignment of the inner detector

arXiv:2007.07624
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Background Rejection

Optimisation of large-R jet

reconstruction

and W/Z/H/top-tagging
arXiv:2009.04986
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2019-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2018-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-033/

Tests of the
Standard Model
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Lepton flavour violation: Z_’eT/HT arXiv:2010.02566

e LFV forbidden in SM
e Neutrinos are known to oscillate but

charged LFV would be an 10 ATLlASI """" T 0 I)\'fLAISHl """" EERER R R
. . . Z Dat _ - Dat —
unambiguous sign of new physics S 4000 13 TeV 139 i - je?—anhad_vis fakes — o 2000 S - 13 TeV. 139 fo" : je?—?rhad-vis fakes -
9 ~ - T ’ Bl Zott 1 ~ - ’ Bl Z-ot |
e Use large LHC Z boson (8x109) sample to £ 3500 g o3P m Zl 3 £ L SR uegp o Z-l -
search for Z- It with hadronic tau o - | ?thers = o 00T | Toual -
> = otal uncertalnty =4 > ~ Total uncertalnty
o L , i 3000 .o . Z>et(B=5x10%J L - . z—m (B =5x10") -
e Utilise significantly improved RNN tau = | - - R -
2500Fe - 3000 -
ID = LS _ . - N
® Main backgrounds are Z->tt and W+jets 2000 = - -
o /-1t corrected to ATLAS differential 1500 S, - 2000:_ -
cross section 1000l .,f 1000: e T ;
. _ cecon . &
e Jet->1 fakes from data-driven fake 0 . T 00
rate e
e Utilise multi-class NN to separate S and B S 1?:,,,,”,," ,,,,,,,, S o
e Most stringent BR limits for unpolarised \%’ 1. Oi;RBeS:is'g"a' (B‘_1X1:+ " + E{
T’s (surpassing LEP): S gost AR X FY . ' 1’+++ ?+ ++ =
® BR(Z—>et)<8.1(8.1)x10% obs (exp) - 0%20130405060708000
® BR(Z->put)<9.5(6.1)x10% obs (exp) Combined NN output
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https://arxiv.org/abs/2010.02566

Lepton-flavour universality in VW decays

® Use abundant tt produced at
ATLAS (~275M) as a source of
unbiased W bosons
® One W decays leptonically

(trigger event) + 2 b-tag jets

® (Other W is “unbiased

® Measure ratio of prompt
(W-uv) to softer, delayed
muons from tau decays
(W->1tv—>pvwy)

® Partially motivated by long-
standing 2.70 LEP deviation
(Phys. Rept. 532 (2013) 119):
e R= BR(W->1v)/BR(W->pv)
=1.070 £ 0.026
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arXiv:2007.14040

L L L I
ATLAS —a— LEP (Phys.Rept. 532 119)

. ATLAS - this result
/s =13 TeV, 139 fb Statistical Uncertainty

[ | Systematic Uncertainty
—e— [ otal Uncertainty

*

] I | | ] E |

.02 1.04 1.06 1.08 1.1
R(t/w)=B(W—tv)/B(W—uv)

098 1

® New results improve
precision by a factor of 2
e R= BR(W->1tv)/
BR(W—->uv) =0.992 £ 0.013
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https://arxiv.org/abs/1302.3415
https://arxiv.org/abs/2007.14040

e Differential cross-section is sensitive to e.g. BSM physics in EWSB

Associated tty + tWY production and ttZ production

® Measurement have direct access to coupling of the heaviest SM particle to electroweak gauge bosons

e Good agreement of the SM predictions with the measured inclusive, fiducial and differential cross sections

JHEP 09 (2020) 049

b
g e
Ve
Y
Vu
8 H
b

C \s=13TeV, 139 fb”
L Normalised cross-section

S 107 e

3 1L
3 = ATLAS

® Unfolded data
tfy+tWy (MG5_aMC+Pythia8)

- - - - tty+tWy (MG5_aMC+Herwig7)

A Theory NLO

0 stat.

Stat @ Syst.

Theory/MC Pred./Data

e,l, Y final states

'8 Ni " 3l + 4] combination —-= MG5.aMc@NLO + Pythia8
! © 0.008 === MG5_aMc@NLO + Herwig7 —
~ |5 Sherpa NLO inclusive .
=== Sherpa NLO multi-leg
0.006 - + ~— NLO + NNLL JHEP 08 (2019) 039 _'
0.004 - LI m
0.002 + | | m
¢ L-—l-_l‘-l-_l.-l;
0.000 | | —
2.0
- Stat. Stat.  Syst. _
Clew 1.5p== N
|- -
S0 10— AR
0.5 | | | =
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ATLAS-CONF-2020-028
t 3 and 4 lepton

final states

- ATLAS Preliminary
| V/s=13TeV, 139fb~"

¢ Data

Parton-level p# [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-028/

ATLAS-CONF-2020-025

N IIIIII | | IIIIIII

ATLAS R

o E ATLAS ® TEEC13TeV & i asosesn _
® New measurement of as from ° o.14 Preliminary o TEEC8Tev  x CMSMy, —
Transverse Energy-Energy I + TEECTTV o nte
. : . 012—_ v C>I<\'/| -186(i)ggt!>23:£1et Y C>I<\°/I -189547[1 05237 _—
Correlations (TEEC) in multi- : Do a DORe
jet events (based on NLO 0.1 " —
: n 1 IEYRE _
calculations) + oal TN -
* 0s(my) = 0.1196 + 0.0004 (exp) oy -0rr000nt oy | :
+0.0072/-0.0105 (theo) 0.06[ o(m,) = 0.1196 7" (TEEC global fit ~
R S R I B | | R S S S I B

102 10°
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-025/
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Observation of Yy —= WW

arXiv:2010.04019
Y W+ Y W+
® Following the on from the evidence
seen in Run 1 by ATLAS and CMS o
® Production through trilinear and quartic
gauge-boson interactions (Born level) . - ] -
® Test of gauge structure of the SM,
sensitive to anomalous gauge-boson . , , , | - -
. . £ 1200 — Data ATLAS ER: - ATLAS -
)
Interactions ) N QZ‘T"T’W (s = 13 TeV, 139 fb" B S 150 (s = 13 TeV, 139 fb" —
1000 — g WW p > 30 GeV . 77 Ny = 0 B
. ~ Other qq initiated o —e— Data _
® Search for WW-evpv signature 800 | — o Rrome! 0 m— -
B . 100 YY—>1T —
® B < Total uncertainty f B Drell-Yan |
e-Ju vertex, 600 — = I<31q—>ww _
- <---1 y on-prompt
O pTll > 30 GeV, - | - L Othelroqq nitiated i
. o 400 B | » ) 50 44424 Total uncertainty |
® no add. charged particle activity Fossimss _
200 — £ -
® org=3.13 £0.31 (stat) £ 0.28 (syst) fb N | | , , | == "
s 4 e 0 v
® Consistent with theoretical O 1 2 o %
d. . D\c; 1K z 3 D\c; ///// ,,///‘
preaictions S — ] = 7
‘ ObS. (exp.) Slgnlﬁcance: 8.40 (6.70) 06 I | ............................. S S | | .......... — ..l._
0 1 2 3 4 120
Number of reconstructed tracks, n pi“ [GeV]
o
@ o)
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https://arxiv.org/abs/2010.04019

Observation of AFP-tagged Yy — Il

arXiv:2009.14537

® Forward scattering of incident protons is a key prediction P

— =
of photon fusion \}\‘\r', ¢
® |Measured in ATLAS Forward Proton spectrometer (AFP)
B —_"—-‘e Y )
Lepton ffff
p p p P
Scattered Scattered
proton «— —» proton
Proto:r;beam Prot;n beam Lr) 70 :_ S b _::_ | | | | ! | I | ! | | | | | _:
Al gob ATLAS I ¢ Data 2017 :
S P 5=13TeV, 1460 : \ Uncertainty 5
Lepton . o 50 3 \ + PP—P(YY—HM)P E
p ~ 210m S Lok m, €[70,105] GeV ~ § \ Mipp—p(yy—ee)p
N ' . ee+upt, 0.02<8<0.12 1 ] pp—>p(yy—>uu)p* ]
= 30f T Postfit + W pp—p(yy—ee)p”
® Ofq (ee+p) =11.0 £ 2.6 (stat) £ 1.2 (syst) £ 0.3 (lumi) fb D 205_ 3 Combinatorial bkg. :
® Ofiq (up+p) = 7.2 + 1.6 (stat) £ 0.9 (syst) £ 0.2 (lumi) fb I ol il ' =) §
® (Obs. significance: well above 50 for both (ee) and (pup) ; W LI . S + R E
® Results are in agreement with the SM prediction O 00 0 002 o004 -002 0 002 0.04
&A . &A gC . gC
® Fi -secti i tagging i AFP Il AFP i
First cross-section measurement using proton-tagging in / v\
photon-fusion processes at the LHC Fractional proton energy Fractional proton energy
loss from scattered proton loss from lepton kinematics

)
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https://arxiv.org/abs/2009.14537

Searches for Physics
beyond the Standard Model
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Search for physics beyond the SM

® Many searches performed and more

(s=8,13TeV, 20.3-139fb ' July 2020

are ongoing < 0071 | EREEa T — Ovsenea ims
. O — Taal - = = Expected limits
® Limits continue to improves with = 1y producion S X Daa 1518, 5= 13 Ta¥, w90 ]
P C;x“700—_ Limits at 95% CL o 1 | = oL s a W G e
new reconstruction techniques = - - o |
B _ = X P DR T 'X1
and analysis strategies 600 ]| rscowsme ﬁ
. - - ATLAS-CONF-2019-017]
® Also extending to phase spaces 500E 1 | =2 o i o i e |
with challenging experimental - ] | pecorames
Signatures 400__ T Data 15-16, ¥s = 13 TeV, 36.1 fb
. . . - _ —;1—>t§?/¥1—>bW§?/'f1—>bff'i?
® e.g. Stop production limits 300F — [1709.04183, 1711.11520,
. . = - 1708.03247, 1711.03301]
e Analyses with 0,1,2 lepton final 200F- 1 o
states increase limits - - 19007570
e Improves the limits in the difficult 100 E RS
] '[1—>'[x1 t,— x1 t,— 'x1
compressed region, where the / MR S - 1506.08616]
decay products have very low 200 400 600 800 1000 1200
transverse momentum m( t,) [GeV]
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® Huge phase space of possible BSM

® Some require specialised reconstruction e.g.

® Unconventional signature are often harder

® Mains backgrounds normally originate
from detector and reconstructions

® Can allow us to probe small cross
® Signature focused searches can be

® A focus for future search results is to
ensure that they can be simply interpreted

)

L

Tackling challenging BSM signatures

sighatures!

non-prompt particle decays

to be mimicked by the SM

effects, cosmic muons, etc
sections

applied to many BSM models

in additional models accurately

XPERIMENT

Efficiency

—h

0.8

0.6

0.4

0.2

ATLAS-CONF-2020-051
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-051/

Long Lived Parti

® Search for two leptons with high pr and high do
® Unique sensitivity to pair-produced sleptons in
GMSB SUSY at the LHC
® |SP gravitino, suppressed decay with no secondary
vertex
® |astlimits at ~¥90 GeV from LEP
(Eur.Phys.J.C46:307-341,2006)
® First LHC analysis to target this model with this
signature and improve the limit
® Expect <1 event per signal region, observe 0 — no
SUSY here either
® Exclude huge range of phase space previously
under-explored
® slepton up to 800 GeV in co-NSLP scenarios for
0.1ns

L ATLAS Highlights - Higgs 2020

cle Searches

ATLAS-CONF-2020-051

= I1GIG, le[e,u,1]

w 105 I I B L L R I L L
<, .

© .4l ATLAS Preliminary =77 Beectedimis
_g vg=1 3 TeV 139 fb-1 — Observed limits

O ’ ]

= o Alllimitsat95% CL | [ ©NSPe

_3||||||||||||||||||||||||||||||||||||||||||
10779700 200 300 400 500 600 700 800 900
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https://arxiv.org/abs/hep-ex/0507048
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-051/

jet p, = 1.9 TeVv

337215

Event: 2546139368
2017-10-05 10:36:30 CEST

Run:

EXPERIMENT

SIATLAS




® Signature: An energetic jet recoiling against Eymiss

M Oan et Searches ATLAS-CONF-2020-048

provides a model independent probe for dark matter

3 Lo ATLAS Preliminary 4 owa ® Require at least one jet (Er >150) GeV, and EtMiss >200 GeV
2 s =13TeV, 139 f5" [ S Mosetw. e (Reduced thresholds)
9 10° & Signal Region - Post Fit - VBF”;_) ”’/ " . .
S 0.(i) > 150 GeV -W(Q,j)ﬂefs”)”es ® \/eto leptons (now also including taus)
L|>J 10° T VBF W(— Iv) + jets

104 £ oo ! g X

0 Muttijet + NCB
10° == m{E%) = (600, 580) GeV
= = = m(x, Z,) = (1, 2000) GeV
102 == DE, M, = 1558 GeV Yq 9x
med
10 B0 .
1 R TR T q X

< 12FT T A R S Sy B S B * ______ S — - @ Backgrou nds

11:_ ............................................................................................................................................... — . .
- T 7 AP ST S S too - o 7Z->w & W->lv+jets constrained from 1/2 lepton
e 8'25:::::::::::::::::??ﬁi[f??é?Pﬁ?ﬁfiéiﬁ?iéé:::::::']::::f:::::::::::::::li:::::::::::::::l:f:_f PRs

=00 400 >0 o0 100 prT‘JC%iP[(()EeV: o ?2x reduction of theory systs. via improved
calculations of W/Z+jets which now have NNLO
QCD and NLO EW corrections
@ ® Final Uncertainty 1-4% a precision search y
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-048/

Monojet searches: Dark Matter
ATLAS-CONF-2020-048

® Limits on many models (compressed SUSY,
extra dimensions etc.),

e e.g. Asimplified models where DM couples to
SM particles via spin 0/1 mediator

1500 ! ' ! ! | ' ' ' ' | ' ' ' — T T TTTTT T T TTT T T TTTTT

; -37 [ L]

® Expected limit+ 2, - (\E 10 = =

Q B Expected limitt 10, . O, 38 - B

1 g X - = = = Expected limit E\ 1 O ; %

g === Observed limit (+ o0y ) ] e 39 ]

=== Relic density,Q.h° > 0.12 N "6 1 O = E

Perturbativity limit = anF Z

9q Gy 1000 ——— ATLAS Vs = 13 TeV,36.1 16" ] i‘ 10 40 %_ —§.

med - g \é 10741k =

[T s .

! . 1 10— 2

ial di 2 - 10—44;— ATLAS Preliminary 90% CL limits —

® e.g. Axial-vector mediator ' i I =
¢ MOde' assumpuons' - 10 §_ ;)irf(;';es”gioi‘ '13'(\)” Axial-Vector Mediator _§
e Neutral, spin-1 particle acts as mediator = | 107%e E
o DM assumed to be Dirac fermion %. ’ | . , " AHR i : 10—47-[ L vl L1 |||||||2 |1 |||||||3 - ||||||-|_4

e Five parameters: 1000 20?7? i 1 10 10 10m [Ge1\/ ?

e Masses of the mediator and DM particle Zy X

® g :coupling to all lepton-flavours
e gy: coupling to DM Mediator masses up to 2 TeV excluded for low mx
®

. . - Significant improvement over previous limits
gq: flavour-universal coupling of Z’ boson Sig P P

to all quarks

@)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-048/

Riggs Boson Physics

e | don’t want to ruin the fun so | won’t say much
e Many production and decay modes are well established

e (Double) Differential measurements, STXS, properties and searches for rarer decay

H—ZZ— 4] H—>W

Eur. Phys. ]. C 80 (2020) 941 ATLAS-CONF-2020-026
%180r|_||||||||||||||||||||||||||‘||I|D;t;|||||||||||Jt > E' I '+' 'D'tl L B C ATLASPre||m|nary E
O o ATLAS MO Higgs (125GeV) - © 3000 e Vs=13TeV, 139 fo =
o 160-H — Z7* — 4 2 . - Back d e -
i 40 [ Vs=13TeV, 139 b X VWY ! 2 2500;_ ackgroun m,, = 125.09 GeV _;
% - 7 % i?:ézitmy - '% 2000 f_ Signal + Background All categories _f
Q120 — = m In(1+S/B) weighted sum =
L1l - - © 1500® S = Inclusive —

100 ] g - —
- - ¢ 1000 — T%%eeeees, —
80 - = -
- : 500__ ]
60 n - E | | | | | -
: : > 100 e =
40 B ] — ~ -
: {2 s0F =
20 :— | "> ] é 0 = i
) == o P =
80 90 100 110 120 130 140 150 160 170 % 110 120 130 140 150 160
m,, [GeV] O [GeV]
0 =53.5 +4.9 (stat) + 2.1 (syst) pb 0°BRyy = 127+7(stat)+7(syst) fb
Oosm =55.7 £2.8 pb osm*BRyy =116 5 1fb
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Events / bin

Data / Pred.

(Tot. — Bkg.) / BKg.

H—=WW

ATLAS-CONF-2020-045

ARSRRARE SAARNRARRARARRN AR RARA AR AR RARRE RARE
TLAS Prellmlnary +4- Data &Uncertamty

= A

~ {s=13TeV, 139 fb" H H
— H —-> WW* — evuv . Ve . ooF
=P .Other H tt/ Wt

e Bww  Wzn

Mis-id [ other vv

ES TS

e \\\\*\\w&\x&%\\\\

_GVBF Bwa .,085 +O 10(stat)+917/ -0-13 (Syst

| 1 1 |

Pl lscp 5y 075 W08y /[089093/[0 %09
CRs DNI\Ibutput in SR


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-29/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-045/

VH H—bb

® Not a rarer decay but a more difficult one

® Two analyses used to maximise the phase-space studied

® Resolved for low and medium Higgs pr
® Boosted for high Higgs pr

® (Clearly establishes coupling to 3rd generation fermions

Resolved

[T | T T | T T
40:_ ATLAS —eo— Data
- {s=13TeV, 139 o™
E 2+3 jets, 2 b-tags

30 - Dijet mass analysis
_  Weighted by Higgs S/B

25
20
15[
10

o O
TRATTTT]TTT

Bl VH, H - bb (u=1.17) ]

35__ 0+1+2 leptons I Diboson
B-only uncertainty

:IIIIIIIII
40 60 8

Events / 10 GeV (Weighted, B-subtracted)

Signal strength: 1 = Oobs / Osm

IIlIIIlIIIIlIIIlIIIlIIlIl:
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/

Rare decays

® Important to test the Yukawa sector as well all possible Higgs decay paths
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Best fit signal strength: pzy = 2.0 £ 0.9 (stat)
+0.4/-0.3 (syst)
Obs. (exp.) significance: 2.20 (1.10)

Best fit signal strength: u=1.2 +0.6
Obs. (exp.) significance: 2.00 (1.70)

Run 3 and beyond essential to increase sensitivity

L ATLAS Highlights - Higgs 2020 - Anthony Morley 23 >~


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-42/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/

VBF H—invisible ATLAS-CONF-2020-008

e Direct search for Higgs decaying into 3 ot Lo AT Ay Postit e e MW -
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-008/

Summary & Outlook

® ATLAS continues probing the Standard Model with new measurements and
searches with the full run-2 dataset
e These would not be possible without the continued development of our

understanding of the detector and improved combined performance
improvements and novel analysis techniques.

e Standard model continues to prove unbelievably predictive but with
improvement measurements and searched hopefully we find a few
Inconsistencies

® Much more still to come from the Run 2 dataset some of which you hear
about this week!

® ATLAS Collaboration is working hard to prepare for run-3
e Hardware:

e |S2 activities on track following restart
® Phase-l installation and commissioning, including NS
e Software:
e |mplementation of reconstruction for new detectors
e Significant improvements in CPU, memory & disk usage
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® htips:
® htips:

EEEEEEEEEE

Useful links

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

Future

® Many searches and measurements utilising the Full Run-2 dataset in the
pipeline
® Many utilising new or improved methods

® Run 3 promises to double the size dataset and preparations are ongoing

® Many detector receiving some TLC during the shutdown
® |mprove higher granuanilty L1 trigger for the calorimeter will be available in Run-3

® |argest upgrade is the NSW which will lower the fake trigger rate in the muon system

® NSW-A on track for installation in ATLAS in spring 2021
e NSW-C: Chamber production continuing and target installation in Oct’21 still possible

e Many Improved to both the online and offline software

e Migration to a multithreaded software
® |large improvement in the event reconstruction time allowing for more specialised event
reconstruction to be run on all events —> More diverse physics searches possible!
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