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ATLAS Run 2 proton-proton dataset

Run 1, 2011-2012: 25 fbt, 7-8 TeV
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Month in Year

2015-2018: 139 fb-1, 13 TeV
Data taking efficiency: 94.2%
Data quality efficiency: 94.6%

In addition: heavy ion results (not covered)
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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Main detector upgrade for Run 2:
addition of an insertable B-layer
= 4t pixel layer

(3.3 cm from the beam)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults

Pileup environment in Run 2
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2017: Z—pu event candidate with 65 reconstructed vertices
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[ Physics object performance
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Deep NN tagger Jet energy scale for large-R jets
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. BSM
I. SUSY
[Il. Dark matter

I\VV. Higgs boson

V. Rare SM processes
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[ . BSM

"Ju the explonation of the wnbmown, the ligh-energy
{routien nemaind the bedt motivated direction to

Physics Briefing Book
arxiv:1910.11775
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https://arxiv.org/abs/1910.11775

Where Is everybody?

No new resonances observed until ~4 TeV

ATLAS Exotics Searches” - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: May 2020 [£dt =(3.2-139)fo Vs=8,13TeV
Model £,y Jetst ET'™ [rdti] Limit Reference
T T — T T T T T —T T T —TT
ADD Gyx + 8/ Oepu 1-4j Yes 361 Mg 7.7 TeV n=2 1711.03301
'{-_‘ ADD non-resonant yy 2y - - 36.7 Mg l 8.6 TeV n =3 HLZ NLO 1707.04147
S ADDQBH - 2j - aro Mg I 8sTev -5 1708.08127
c ADD BH high T py =lepu =»2j - 3.2 M I 8.2 TeV n =6, Mp = 3 TeV, rot BH 1606.02265
E ADD BH multijet - = 3] - 3.6 M 955TeV n =06, My =3TeV rotBH 1512.02586
[ RAST Gk — 7y 2y - - 36.7 | Gukmass a1Tevl ki Mpy = 0.1 1707.04147
@ BukRS Gux — WW/ZZ multi-channel 36.1 Giw Mass 2.3 TeV 1 kiMp — 1.0 1808.02380
‘I.ﬁ Bulk RS G — WV — fvgg Ten 2j/1J Yes 139 Gkk mass. 2.0 TeV I ki Mey = 1.0 2004. 14636
Bulk RS gy — tt tep =1b =12 Yes 6.1 Brk Mass 3.8 TeV rim—15% 1804.10823
2UED ! RPP lepg =22b,z3j Yes 381 KK mass 1.8 Tev | Tier {1,1), BAMY - ) =1 1803.09678
SSM Z' — ¢f 2ep - - 139 | 2’ mass salkev 1903.06248
SEM Z" — 1 2t - - 36.1 Z' mass 2.42 TeV I 1700.07242
w Leptophaobic Z* — bb - 2b - 361 Z' mass 21 TeV 1805.09298
§ Leptophobic Z* — tt ODep z1b =z22J Yes 139 2’ mass 4.1 Ta\ll Fim=12% 2005.05138
SSM W - £y e - Yes 139 | W mass do Tev 1906.05609
B SSM W' — 1w 1r - Yes 361 W mass 3.7 TeV 1801.06992
% HVT W — WZ — fvggmodel B 1e.p 2§14 Yes 139 W’ mass 4.3 Tei g =3 2004.14636
& HVTV' o WV - qqggmodelB Oep 2J - 138 |V mass 3.8 TeV v =3 1906.08589
(4] HVT V' — WH/ZH model B multi-channel 36.1 V' mass 2.93 TeV ] gv=3 1712.08518
HVT W — WH model B Oep =1bz=2J 139 W’ mass 3.2 Tev I gv =3 CERN-EP-2020-073
LRSM Wg — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM W — jillg 2u 1o - 80 | Wpmass sotev (i) — 0.5 TeV, g — g 1904.12679
— Clqqqq - 2j - 37.0 A 1 21.8TeV 1, 1703.09127
Q Gl ffgg 2ep - - 138 n I 35.8 TeV L CERN-EP-2020-066
Cl ettt zlep 2ibz1] Yes 361 A 2.57 TeV 1 |Carl = 4 1811.02305
Axial-vector mediator (Dirac DM) Oep 1-4j Yes 36.1 Mhnad 1.55 TeV 1 2q=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
= Colored scalar mediator (Dirac DM) 0 e, p 1-4j Yes 36.1 Minod 1.67 TeV I £=1.0, m{y) — 1 GeV 1711.03301
Q VVyy EFT (Dirac DM} Oep 14, 1)  Yes 3.2 M. 700 GeV m(x) < 150 GeV 1608.02572
Scalar reson. ¢ — ty (Dirac DM)  0-1e,u 1b,0-1J  Yes 36.1 my 3.4 TeV l ¥ —04,4—02 m(y) — 10 GeV 1812.09743
Scalar LQ 1% gen 12e =2j Yes 36.1 LQ mass 1.4 TeV I B—1 1902.00377
©  Scalar LQ 2" gen 12p =2j Yes  36.1 LQ mass 1.56 TeV 1 p=1 1902.00377
=0 Scalar LQ 3™ gen 2r 2b - 36.1 LQf mass 1.03 TeV 1 B{LQY = br)— 1 1802.08103
Scalar LQ 3™ gen O-1epu 2h Yos 36.1 Lu; mass 970 GeV M BILQI = t7) =0 1902.08103
VWO TT — Ht/Zt/Wh+ X multi-channel 36.1 T mass 1.37 TeV i SUi2) doublet 1808.02343
e VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV 5Ui2) doublet 1808.02343
FE VIO TaTeslTs o Wik X 2(SS)23en>1D 1] Yes 361 |Tsamass 1.64 TeV 1 B{ Tos — Wia 1, o TesWiepe 1 1807.11883
T2 VIQY Wbt X lepu =1b>1 Yes 361 [Y¥mass 1.85 TeV 1 BLY — Wh)=1, ca(Wb)= 1 1812.07343
VLQ B =+ Hb+ X Oey,2y 21b=1j Yes 798 B mass 1.21 TeV xg= 0.5 ATLAS-CONF-2018-024
VLQ QQ — WaWg lep = 4] Yes 203 [IOESEsGe | 1509.04261
@ Excited quark ' — gg - 2j - 138 q* mass 's.rrev only v and d". A = m(g") 1910.08447
E & Excitedquark g* — gy 1y 1] - 367 |qmass s.dtev only i and d', A = m(g') 1709.10440
g E Excited quark b* — bg - 1b1j - 36.1 b* mass 2.6 TeV 1 1805.09299
W G Excited lepton £* Jep - - 20.3 = 1 A=30TeV 1411.2921
Excited leptan »* Beut - - 203 A—16TeV 1411.2821
Type Ill Seesaw Tep =2j Yes  79.8 | N®mass 560 GeV L ATLAS-CONF-2018-020
LRSM Majorana » 2u 2j - 36.1 Ngr mass 3.2 Tev l m{We) —41TeV. 2t —gr 1809.11105
& :iggs lr-i;let ﬁ: - zi’ 2‘3‘; epn(SS) - - 36.1 H=* mass 870 GeV 1 g¥ nm:ucmn o J 1710.08748
iggs triplet = fr euT - - 20.3 production, B{H* — ¢7) — 1 1411.2821
g Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV 1 DY preduction, gl = 5e 1812.03673
Magnetic monopoles — - - 34.4 monopale mass 237 Tev l DY preduction, |g| = 1gn., spin 1,2 1905.10130
Vs=13 TeV V5= 13 TeV e | N = el . e ST . —
partial data full data 10 1 10 Mass scale [TeV]

Try to go beyond Run-1 approaches: novel techniques, Higgs in the decay
chains, more motivated scenarios, unconventional signatures, etc.
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[ Search for the HH—bbbb process via VBF

arxiv:2001.05178

[ ggF non-resonant HH
RIS Post-fit uncertainty
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https://arxiv.org/abs/2001.05178

[ Leptoquarks W

Renewed interest following the hints of B-anomalies: R(D*), R(K*)
Possible lepton flavour universality violation (in b—c/s semi-leptonic decays)

arxiv:2010.02098
+ " Q - Search for cross-generational leptoquarks:
, L0 LQ to tl tl (e/p)
- Optimised for m(LQ)>1 TeV: top hadronic decays
in the boosted regime (single large-R jet)
2 [ amas | |  ban - g F ]
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https://arxiv.org/abs/2010.02098

[ 1. SUSY ]

" Supersymmetry remains the only buown dynamical
solution to the Higge naturalucds froblem that can be
extrapolated ap to veny high enengied, in a condidtent

Physics Briefing Book
arxiv:1910.11775
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https://arxiv.org/abs/1910.11775

[ Where is hiding SUSY? ]

Very compelling theory, still attractive in spite
of the current stringent limits on ‘natural’ SUSY

Model Signature  [Ladr (™ Mass limit

4 G Oep  26jetls ENC 139 [10x Degen] : 19 mif})<400 Gev
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gUSY phase space

Other main types of searches:

- EW production covered by these se
- 3'd generation squark (see backup)

Recent focus on:
compressed mass spectra, R-parity violating SUSY,
non-prompt decays, etc.

Thibault Guillemin Run 2 highlights from ATLAS 11



[ R-parity violating SUSY 2020

R-parity: (-1)3B-L+2s
RPV benchmark model: MSSM + extension adding gauged U(1)g

Electroweak pair production of two charginos or chargino/neutralino

(* arxiv:2011.10543
ok RPV coupling:
- - chargino to ZI, Hl or Wv
- neutralino to WI, Zv or Hv
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https://arxiv.org/abs/2011.10543

[ Long-lived particles %
arxiv:2011.07812

- Sleptons search: unique sensitivity to
S GMSB models

i - Lifetimes considered: 10 ps - 10 ns
- Signal leptons (e/y): large d, > 3 mm
=» Special reconstruction techniques
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https://arxiv.org/abs/2011.07812

[ 1. Dark matter ]

“The seanch for D co fascinating becanse & brings
together diffencut fields (panticle physics, cosmalogy,
astrophysics) and difencat expenimental techuigues

(accelenatons, andengroand detection, cosmic nays). "

Physics Briefing Book
arxiv:1910.11775
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https://arxiv.org/abs/1910.11775

[ Dark matter opportunity at colliders

Very little clue on the mass scales of the DM particles

zeV aeV feV peV neV ueV njeV eV keV MeV GeV TeV PeV 30M
<1 | | | | | | I | | P | | | .
R | | | | | | y * v g v v v vy L | LI | R [ arxiv:1707.04591
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https://arxiv.org/abs/1707.04591

Mediator—DM+X:

monojet search

$PATLAS

EXPERIMENT

ATLAS-CONF-2020-048

g 9 x Pair-production from quarks via
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2020
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axial-vector or pseudoscalar couplings
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https://cds.cern.ch/record/2728058

Mediator—DM: Higgs portal model

2020

Invisible Higgs decay search
SM: BRy,, = 0.1% (via H—>ZZ*—4v)
VBF topology most sensitive
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-008/

[ V. Higgs boson ]

" The discovery of the Higge boson has opencd a
wew nesearnch frogramme, which o a clear frionity
for the futune of prarticle phyoico. -

Physics Briefing Book
arxiv:1910.11775
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https://arxiv.org/abs/1910.11775

[ Decays into bosons: refining the Run 1 observations
2020
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Run 2 = fermionic coupling quest
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https://cds.cern.ch/record/2725727
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-045/
https://arxiv.org/abs/2004.03447

Observation of the ttH process

c T ' ‘
5 ATLAS ¢ Data
2 0 o _y3Tev, 36107  Jt+light
S 400l & Wit + =1b
2 400¢ Single Lepton [JNon-tt
(i 6] 1
350 SR - ---ttH (norm)
Post-Fit
300

O
O

Data / Pred.

T T
Wt
Ot + 1c
mtt+ v 1
7 Total unc.

1708 -06 0.4 02 0 02

04 06 08 1

Classificaticn BDT output

£ 4

5 19 atias # Data

2 F Vs=13Tev, 36.1 fo ' []fIW

:>j [ or88 I Diboson
10 Post-Fit M ¢ mis-id

INLRARRL

AN AR AR RN RN RRAN RN RS R
WitH

iz
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[JOther

27 Uncertainty --- Pre-Fit Bkgd.

| TR |

Lol

-

'?_; 1.25 E— é
R WWW
w® 075 | -
e 05 E + 1

-08 -06 -04 -02 0

|
-

02 04 06 08

BDT output

(2]
€ 100 —
¢+ Data - :
2 ATLAS , M (uet.a 1 | arxiv:1806.00425
w \s=13 TeV, 79.8 fb" B ttH (u=1.4) ]
e [0 Non-ttH Higgs T
I Cont. Bkg. -
Had categories Lep categories |
o
@
@
53]
a
Had 4 Had 3 Had 2 Had 1 Lep 3 Lep 2 Lep 1
T T T T ] T T T T ] T T T T | T T T I T T I T T
ATLAS e Total Stat. [ Syst. — SM
Vs=13TeV,36.1-79.8fb"

Total Stat. Syst.
ttH (bb) |._I.| 079+ 080 (+ 2% +0.53)
ttH (multilepton) HE=— 156+ 04 (£ 0% . % 0% )
fiH (yy) ———— 139+ 032 (+ 0% . o37 )
tiH (22) I <1.77 at 68% CL
Combined F—e— 182+ 0% (£0.18,% %)

L 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 | 1 1 | 1 1
-1 0 1 2 3 4
. SM
0,../0
6.4 o observation for ttH /O
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https://arxiv.org/abs/1806.00425

[ H—Dbb process

S
. . arxiv:2008.02508
50 observation reached with VH
in 2018 (80 fb! of Run 2 data) Boosted VH (p;,>250 GeV)
Higgs in one single large-R jet
arxiv:2007.02873 |nC|USive VH 8 6 atas '_;_‘D;t;' e ‘—:
—_ | T 1T | T T I T 1T I LI I L | T 1T | L l LI I T -'g E r 18 TBV 139fb- -VH! Hﬁbs(uvﬂ=0l72) ]
T 40C ATLAS e Dat = £ 5 f”f’epwfs s [ ]y oy ]
% T {s=13Tev. 139" -v:,aH 5 bb (1=1.17) ] 1% C ;: i;g;z:;'zmg I Bronly uncertainty -
g 35__ 0+1+2 leptons I Diboson . m 4—_ T =]
Ko} E 2+3 jets, 2 b-tags [] B-only uncertainty E -(3' Weighted by S/8
Ia 30:_ Dijet mass analysis _: g 3
m [ Weighted by Higgs S/B ] =)
- 25- = o
o r . =
£ 20- = S
=3 ] >
= 15° E o of
> 10 = 7 _1:
8 r . = I RN IS RPN RPN PP B
o 5- - o 60 80 100 120 140 160 180 200
- ] w
g E 3 m, [GeV]
_g') OZ ] —_ !
c C - £ 12— oosted VH, H — bb, V - leptons —
3 40 60 80 100 120 140160 180 200 5 A 0 et ot e e
L m C —Expected []Theo. unc. -
R R A R R I I I I L mbb[GeV] X 8;_ T V=W V=2 _;
ATLAS VH, H— b5 V5=13 TeV, 139 fo” T3 s = = =
—Total Stat. ? 4i X E E FT
Tot. ( Stat., Syst.) %) E - ! E .
WH | ean 085 2T (2. 08) e S E richness
WH: 4.3 o (0bs.) o 1 L I
_2__ ; -
2w mg ans ZH: 4.3 o (0bs.) 5 o T -
............... o 1 x L —_ —_—
g . 1 ]
Comb. e 1.02 :\3.113 (_001112 —8:;) g 0 = _ i 1
AP P P R I B P . 350( n Dr"; 250( 2 TZ";
008 TTTE e es e e Y 4,5%[;5 :D,”wooee,, 00,., % “Ho0g,, 06,

Thibault Guillemin Run 2 highlights from ATLAS 21


https://arxiv.org/abs/2008.02508
https://arxiv.org/abs/2007.02873

[ Coupling to the 2"d generation of fermions? %

- H—pp most promising arxiv:2007.07830
But challenging: BR (H—up) ~ 2 104
- Huge Drell-Yan background

> 700__’ LN NN DL AL L AL BN L AL R LR B L L L | T LA B "__ I T T T T ‘ T T T T ‘ T T T T I T T T T T T T T I T T T T
5, = ATLAS -+-Data = ATLAS Vs=13TeV, 139 b’ H - un
N 600 Y5=13TeV, 139 b’ —oowlpdt o moyst | Total Stat. Syst
@ = . — Signal p 3 Total Stat. yst. SM ota at.  Syst.
:,E, 500F H — pp, In(1 + S/B) weighted ... Bkg. pdf —
D 4000 = VH and ttH categories —se==— 50 +35 (£33, +1.1)
Ee] - -
2 300 = qgF O-jet categories —®—] 0.4 16 ( £15, £0.3)
D - -
S 200 — ) i
= E 3 ggF 1-jet categories = 24 £12 ( £1.2, £0.3)

100 —

- = ggF 2-jet categories o 06 £1.2 (1.2, £0.3)
o)
é VBF categories - 1.8 £1.0 ( £1.0, £0.2)
C;S | +0.2
s Combined HH 12 +06 ( £06, 57 )
D | 1 | 1 1 J L 1 1 1 ‘ 1 1 1 1 I 1 1 L 1 | 1 1 1 1 | | 1 1 1 {
110 115 120 125 130 135 140 145 150 155 160 —1Q -5 0 5 10 15 20
m,, [GeV] Signal strength
20 exclusive categories 200 (O bS.)

based on production modes
and kinematics

Run 3 dataset critical to increase sensitivity
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[ Effective field theory interpretation

Goal:

the Higgs boson couplings to SM particles
ca"()

Lsmerr = Lsm + Z

- Warsaw basis
- Reduction to a set of sensitive operators

0(6

Impact: operator / STXS* bin
= 1 ¢ = 0.1
%‘ Cha
o 05 c,, =0.5
© Chg
30

05 -
-1 . . .
VH STXS bins

10 most-sensitive combinations
fitted simultaneously (rotated matrix)

*STXS: simplified template cross section

constrain the dimension-6 Wilson coefficients
corresponding to operators impacting (in)directly

S

ATLAS-CONF-2020-053

ATLAS Preliminary
V/8=13TeV, 139 fb~!

T T T T
— 68 % CL
95 % CL

my = 125.00 GeV, |yy| < 2.5 —*— Linear

SMEFT A =1TeV

Linear + quadratic

01 o am |
CI-:GuC-‘:thop (X10) e
o,  —
ol P
HW,HB,HWB,HDD,uW ,uB |
-0.2 -041 0 0.1 0.2
T 7 T 1
2l + ..............
HW,HB,HWB, HDD,uW,uB
Hu,Hd Hg"
o2l B P
HG,uG,uH top
L | L
-2 —-15 -1 -05 0 0.5 1 1.5 2
L L
C[3] o e
HW,HB,HWB, HDD,uW,uB
bl B P
HG,uG,uH.top
m _l_ .......
Crie i
1 o PR ——
clibn e (x0-1) —e—

10 -8 6 -4 -2 0

2 4 6 8

Parameter Value
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/

[ V. Rare SM processes ]

mectanceal effects to probe shonter distances or
ag a. a W .!,”

Physics Briefing Book
arxiv:1910.11775
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https://arxiv.org/abs/1910.11775

Electroweak production of VVjj

LHC production of VVjj

s 2

. QCD EW irreducible VBS Very small cross sections (~fb)
f, as @ a j ATLAS Run 2: 50 observations
_ fq . . .
.8 " fi v . vy - for VVjj EW production in
fa
Vs ik v v N . ¢ ssWW, WZ—-3L and ZZ —4l/212v
. b A Uy [arxiv:1906.03203, arxiv:1812.09740,
a2 as a2 q arxiv:2004.10612]
] 22 T T T T T T c T I
&0y MW D A el 32O
P W Others 7 Uncertainty = e -QQZZ zz Uncertainty
c 18r > Signal Region
2 ATLAS o 30}
Hotey Vs =13TeV, 139 b 7
L Ceeef
Signal Region
4] 212v
8
6
4
2
18 . N TS
8 085 segaor o 0% 04 oe.os 1 R T B T R
MD MD
relyj ..
UEW Hoch Significance Obs. (Exp.)
(eeejj 1.5 £04 0.95+0.22 5539 0 .
[hvvjj 07 £07 n 12(18) Observation
Combined | 135+034 | 096+022 55(43) 0 of EW ZZ]j
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https://arxiv.org/abs/2004.10612

[ Evidence for tttt production W
arxiv:2007.14858

Rare process: og,, = 12 fb

¢ t
g g ] _
Event selection: t ¢ Enhanced in
- 2 SS leptons or =3 leptons Co .~ Mmany BSM
- High event activity (H; > 500 GeV)  ° . . Scenarios

- 26 jets and 22 b-jets

b- tag multlpI|C|ty for BDT>0

. . . @ 1400
BDT in signal region 5 | ATLAS oData Wit
Wyl (s=13TeV,139fb" [JttW mtz ]
1__ :\II‘IlI‘I\II\IIl\I\‘I\I‘l\ll_\_lll\l\: | BDT>0 .ﬂH DOm'S-ld
o
2 ol ?TLAS , $Data i 7 C Post-Fit mHF e @Mat. Conv. ]
= 10 ? S:13T9V,139fb DTEW .ttZ o *é 100— .HF}J. .Lowm* —
0 - SR mtH [JQ mis-id 3 B mOthers [ttt .
L B . 4 L
C Post-Fit WmMat. Conv. mHF e ] B ~Uncertainty
10° Elowm. MHFp 801 ’ .
g [@Others [tit 3
7 Uncertainty ]
107k E

10

101:153 ||||||

1.55 )
////?*7/ ///Mi s ;+_ W,;%é 0 ' ‘ '
0. 5 4‘_ **V % ‘+‘!/ ? 8 Number of b- tggged jets

Y508 S04 02 0 0z 07 OGBD'(IJ'iZcIon; meas — 24"'7 fb 4 3 (0} (ObS ) (2 4 o exp. )

Data / Pred.

Data / Pred.
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[ Observation of the yy—WW process W

Production through trilinear and arxiv:2010.04019
guartic gauge-boson interactions
) . ) - Test of the gauge structure of the SM
7 w e .
f - Sensitivity to anomalous gauge-boson
w interactions
g [T T T amas T
Y w- ¥ w- ?‘j 150 Vs =13 TeV, 139 fb” ]
@ L Ny = 0 i
Event selection: g T = %ffww j
. 100 4 —TT 1
eu vertex, no associated tracks, p;##>30 GeV e 1T — R i
! P Non-prompt a
I Cther qq initiated a
% 1200~ 4 paa | ATLAS ' 50 777 Totaluncertainty —
2 —e {s=13TeV, 139 fo" i
1000 [~ oy W p* > 30 GeV
M Otherqq initiated o4
800 — M Non-prompt ] —— S
- I Tl ceriny 3 R
600~ =
ol g "o
— I. hd 1 L /j/‘i
200 - 100 120
- p3* [GeV]
g4 1 Ofigmeas — 313+ 0.31 (stat) = 0.28 (syst) fb
g P Ofigexp = 2.8+ 0.8fb/ 3.5+ 1.0 fb (rescattering effects)
0.6 , — ; —

0 1 2 3 4 8.4 o obs. (6.4 o exp.)

Number of reconstructed tracks, N

Thibault Guillemin Run 2 highlights from ATLAS 27


https://arxiv.org/abs/2010.04019

| Bs)>—HH ="

& L L L B L L I
o 1.2F -
. b - ATLAS —— 2015-2016 data ]
- Search for deviations w.r.t. the SM T S
of the small B 5,° branching ratios Toost T
- Reference decay mode for the BR @ ooe- 7 ., famameseane 4
extraction: B*—J/W¥ K* with J/WY—pp 04F E
0.2F =
0 + - BB" = J[y K )X B[y = p"u™)  fu - .
B(B(SJ_)/U ) = N - X oF ]
Dret Jags) - .
—0.2__'I I\:
0 7
E’ 184A'TU;S' H L A B . B(%Sgwmno;]
* 2015-2016 data N — +0. -
e 80 (s=13Tev,263 10" —— Total ft E B(Bs"—Hu) = 2.8, 10
» 14/ 0.4163 <BDT <=1 — - Continuum background —
E 12 ...... b_)u+ u'Xbackground_: ATLAS'CONF'2020'049
i oA T Poaldng background ATLAS, CMS, LHCb - Summer 2020
: Bﬁ”waﬂ“; g = preliminary :
8 - = 0sE 2011-2016data 3
6 H i 04F 3
4 T 03F 3
2 B ) = - ]
- 0 S Y A g Q 02f 3
O [— PO S fk X1 P SRR SO, ALA Y SRR ENR ST AR DRV LAV W m b .
4800 5000 5200 5400 5600 5800 olk E
Dimuon invariant mass [MeV]
0
1

arxiv:1812.03017 5

B(B! — pu) (107)

B(Bs"—uu) = 2.69%9°7; 55 10°°
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https://arxiv.org/abs/1812.03017
http://cdsweb.cern.ch/record/2727216

Conclusion and prospects ]

= ATLAS Run-2 highlights presented around 5 themes:
- BSM: nothing found yet in direct seaches
- SUSY: focus on more complex scenarios
- Dark matter: exploring the collider window
- Higgs: everything consistent with the SM predictions so far

- SM: pushing towards rare/forbidden processes

= Huge and diverse physics program for Run 3 and beyond
- Run 3: expect to increase the current statistics by a factor ~3
- HL-LHC: 96% of the final dataset still to be collected

LHC

HL-LHC

13-14 TeV 14 TeV

energy

Dlodes Consolldatl
LIU Installation

11 T dipole coll.
Clvll Eng. P1-P5

ATLAS -
upgrade phase 1

ALICE - LHCb

HL-LHC
installation

5 to 7.5 X nominal Luml

ATLAS - CMS
HL upgrade

iation
damage
2 x nominal Lumi

upgrade

integrated @Tili1Rj & ]
R 4000 (ultimate)

Detector upgrades,
computing challenges,
new reconstruction and
analysis techniques, etc.
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Backup
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[ Dijet resonance searches %

Search for resonant new physics using a machine-learning :
i . . arxiv:2005.02983
anomaly detection procedure (no signal model hypothesis)

— 500 T T TT T T T T 100 - - _~ _~
e s [ T 3D search.. A—-BC m, 'IjeV,.mB,C 100 GeV
O ool V5 =13Tev, 130 b 3 s - Boosted single large-radius jets
£ | X Injected Signal ] Q
a0l ™ <3000 Gev 1 Hio" = (3O<mJ<500 GeV)
- me =200 GeV E - Weakly supervised classifiers
- mc =200 GeV =
200 > _I‘"\""I""I""I""""\""I""\"_
E ) 1 g0 810 ATLAS ' D
- ] o E y ata 3
100L- B 2 Vs =13 TeV, 139 b — Fit ]
- . g10° e=01 Signal 1=
0_ | [P P T L] 10_3 Lﬁ E mA = 3000 Gev E
0 100 200 300 400 500 - “Signal 2 1
“ m; [GeV] e m, = 5000 GeV -
E=2 35; 'l amas E - .
-0 Tk ' Vs =13TeV, 139 fb-! 10 E
c I = =
.09)'3? 301 ' €=0.1,ma =3000 GeV — - ]
%? o5F . = Observed = 1__ ™ -
¥ E ' --- Expected = =T , 3
5%20;_ vV Vv :_:|:10 _; = el i 2
O% 150 . +20 = °
§ 10F l‘ .4 Dijet (3")<0.4) ] £ ; i Sy E
o f l A ! A Dijet (<$,T—f")>0.4)€ “‘é 05 -u—”u”i_] 1 "ﬂu ”I-; e
Sﬁi - . . ' X Diboson Search - a ‘i__ E
Elo1 o1 T : ] 4,
@00@00@00@00@00/&?& (mB :mC) [GEV] 2500 3000 3500 4000 4500 5000 5500 GOOOmJJSfJé]gV]
%0 %, Y Modern bump-hunt (NN selection applied)
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Leptoquark searches

1st generation

2nd generation

3rd gen. (LQ=b1)

3rd gen. (LQ=t7)

3rd gen. (LQ=tt/bv B=0.5)
2-3rd cross-gen. (LQ=te)
2-3rd cross-gen. (LQ=>tp)
1-3rd cross-gen. (LQ=qe)

1-3rd cross-gen. (LQ=>qu)

B ATLAS 0 CMS

0 0.45 0.9 1.35

Observed lower limits on scalar LO mass [TeV]

1902.00377 36 fb-

1811.01197 36 fb
1902.00377 36 fb!
1808.05082 36 fb!
1902.08103 36 fb!
1811.00806 36 fb
ATLAS-CONF-2020-029 139 fb!
1803.02864 36 fb!
ATLAS-CONF-2020-029 139 fb-!
EXOT-19-015 137 tb
2010.02098 139 fb-!

2010.02098 139 b
1809.05558 36 fb!

.0 2006.05872 139 fb-!
* 2006.05872 139 fb-
1.8

From T. Vazquez Schroder
CERN-LHC seminar
December 8, 2020
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SUSY summary plot

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

July 2020 Vs=13TeV
. 1 A
Model Signature  [Lde [ Mass limit Reference
g, 34t Oe.p 26jets L™ 139 [10x Degen | 1.9 m({) <400 GeV ATLAS-CONF-2019-040
® mono-jet  1-3jets  EP™ 361 0.71 m(g)-mi¥})=5GeV 1711.03301
£ gt Oep  26jets 8 139 |7 235 m(E)=0 Gev ATLAS-CONF-2019-040
g H Forbidden 1.15-1.95 m(!)=1000 GeV ATLAS-GONF-2019-040
r.% 78, B—agWi) Ten 2-6 jets _ 139 & 2.2 m(i)<600 GeV ATLAS-CONF-2020-047
LT gﬁ,,,;(ff)i? ee, juu 2jets  EFP™ 36.1 2 1.2 m(g)-m(¥})=50 GeV 1805.11381
8 i goagWzi Oep 7-Mjets Ep™ 139 | 2 1.97 miEl) <600 GeV ATLAS-GONF-2020-002
S SSe.u 6 jets 139 | & 115 m(g)-m(¥;)=200 GeV 1909.08457
= g2, g—iv| O0-1ep 3b Ep™ 798 | & 225 m(}) <200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 B 1.25 m(z)-m(¥1)=300 GeV 1909.08457
Byby, by —b® [E Multiple 361 |k Forbidden 0.9 mi’)=300GeV, BR(E! =1 1708.09266, 1711.03301
Multiple 139 b Forbidden 0.74 m(E))=200 GeV, m(¥1)=300 GeV, BR(1f})=1 1909.08457
Bibi, by —bis — bR Oe.pt 66 EZN 133 |5 Forbidden 0.23-1.35 Am(FS, 7)=130 GeV, m(f!)=100 GeV 1908.03122
25 27 2h Eps 139 by 0.13-0.85 Am(F1.F]}=130 GeV, m(¥])=0 GeV ATLAS-CONF-2020-031
§ § O-tep  zljet M 139 | § 1.25 m()=1 Gev ATLAS-CONF-2020-003, 2004.14060
%‘E Tep 3jets/1b  ENS 139 i 0.44-0.59 m(F))=400 GeV ATLAS-CONF-2019-017
< Ii, [ =% by, 71216 Tr+tept 2jets/1h EP  36.1 i 1.16 m(#,)=800 GeV 1803.10178
S8 it itk Oept 2c EMS 361 |z 0.85 miE)=0 Gev 1805.01648
s i 0.46 {7, &)-miFy)=50 GeV 1805.01649
Oeu  monojet Ep™ 361 |7 0.43 m(f, &)-m(X})=5GeV 1711.03301
Fuy, By st B3z i) 1-2ep 1-4b  ENS 139 | @ 0.067-1.18 m{P)=500 GeV SUSY-2018-09
Ry, b= +Z 3ep 1h EPS 139 | h Forbidden 0.86 m(F})=360GeV, m(f,)-m(¥")= 40 GeV SUSY-2018-09
FiE) via wz 3e.u Eﬁ‘“ 189 |y m:’ﬁ' 0.64 md)=0 ATLAS-GONF-2020-015
ce zljet  ERS 139 | Feid 0.205 m{E; }m(i%)=5 Gev 1911.12608
T via ww 2e.p S I Pt 042 miE])=0 1908.08215
B ¥9 via Wh O-lep  2b2y EMS 139 | ¥4y Forbidden 0.74 m(¥)=70 Gev 2004.10894, 1909.09226
=8 W vialsy 2e.p Ems 43 | 1.0 m(E,7)=0.5(m (¥} }+m(E)) 1908.08215
WS 5 7ort? 27 eps 139 | T [FL TR L] N0N650:8] 0.12-0.39 m{E])=0 1911.06660
Tirlir, €8] 2e.p Ojets  EX™ 133 |7 0.7 m(E)=0 1908.08215
ee, iy =Tljet  EP™ 139 & 0.256 m(7)-m(F})=10 GeV 1911.12608
HH, H—hG[ZG Oep =3b b‘Ef“ 36.1 " 0.13-0.23 0.29-0.88 BRIF] — hG)=1 1806.04030
de Ojets  EP™ 139 | @ 0.55 BRI - ZG)=1 ATLAS-CONF-2020-040
'§ @ Direct ¥]¥; prod., long-lived ¥1 Disapp. irk  1jet  EXS  ag1 | i 0.46 Pure Wino 1712.02118
2g 015 Pure higgsino ATL-PHYS-PUB-2017-019
1=
gg Stable  R-hadron Multiple 36.1 I3 2.0 1902.01636,1808.04095
S 2 Metastable g R-hadron, g—qqt! Multiple 36.1 @ =T0RS 02 s T 20s] 2.4 m{¥1)=100 GeV 1710.04901,1808.04095
YR G szeere 3epu 139 Pure Wino ATLAS-CONF-2020-009
LFV pp—¥. + X,V —eplet/ur epLeT T 3.2 19 A4y, =011, Aimyi33233=0.07 1607.08079
FERT IR = wwizetttvy dep Ojets  EM® 361 miT)=100 Gev 1804.08602
78 E—agks ¥ 5 qqq 4-5large-R jets 36.1 1.9 Large 7, 1804.03568
n>. Multiple 36.1 20 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
O 77, 7ok, X) - by Mutiple 36.1 MT)=200 GeV, bino-like ATLAS-CONF-2018-003
i, i=b¥y Xy — bbs = 4b 139 Forbidden m(F})=500 GeV ATLAS-GONF-2020-018
2jets+2b 36.7 1710.07171
fify, f—gl 2e.p 2b 36.1 0.4-1.45 BR(f) —be/bu)>20% 1710.05544
1u DV 136 16 BR(f—qu)=100%, cosf,=1 2003.11956
* ; ; " -1
Only a selection of the available mass limits on new states or 10 1 Mass scale [TeV]

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

q
P W
( _ 9
TSl =0
q X1
p : '
ql

Njel=[2!4) Njel=[2'°°) N]et=[4,°°)
2] T T T T T T T T T T T T T T I T T T T
2 8 ¢+ Data
o 107 ATLAS ~— SM Total
@G 1% ¥s=13TeV, 139 fo” [ Fed
108 SR for MB-SSd i | [ fi(+EW) & single top
" | | [ Diboson
10 ; ; B Muttijet
10° ; e,
10°
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1
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=15 | Z, —
% E | . =
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g 1 = - %% | +£
0.5 — i *’ | —
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arxiv:2010.14293

Multi-bin search:

MB-SSd (squark-squark-direct)
MB-GGd (gluino-gluino-direct)
MB-C (compressed)

Gd production, B(@ — q 7,)=100%

; N I T | T T T T T I T T T ]
[0} - -
O, 1600 ATLAS co- Explimit(tio,)  —
53 - Vs=13TeV, 139 fb" wer.
E 1400 [ O-leptons, 2-6 jets —— Obs. limit (£1 oy ) -
C Al limils at 95 % CL 0L obs. 36 fb™ -
1200 [arXiv:1712.02332]  —]
1000{— —
BOO|— . gos s —
600 =
400 . :
200 =
C | 1 1 1 1 | N N I 1 L s 1 | 1 1 1 1 N

500 1000 1500 2000 2500
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https://arxiv.org/abs/2010.14293

[ Search for stop pairs in 0/1/2-lepton final state%

arxiv:2004.14060

O lepton ,

>

arxiv:2012.03799

1 lepton p> Jdi

ATLAS-CONF-2020-046

2 Ieptons

b

b

q

q

O

0

O

3 decay modes considered in each case:
2-body, 3-body and 4-body decays

Vs =8,13 TeV, 20.3-139 fb July 2020
;goo:lllllllllllllll
) - ATLAS Preliminary
O, 800F 7

- tt, production

S = C  Limits at 95% CL
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E
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3 regions: m( t1) [GeV]
1) Mgiop > My + My
2) Mgop ~ My + My
3) mstop < My+my + mx

Complementarity
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https://arxiv.org/abs/2004.14060
https://arxiv.org/abs/2012.03799

[ EW production with compressed mass spectra
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https://arxiv.org/abs/1911.12606

[ Mediator—DM: Higgs portal model

- WIMP taken to interact very weakly
with the SM particles, except for the
Higgs boson

- BR,, assumed to be fully coming
from the decay to WIMPs

- Valid up to my,,yp<my/2 (decay to 2
WIMPS)

- Limits set on the cross section for
scattering between the WIMP and
nucleons via Higgs boson exchange

arxiv:1708.02245, Hoferichter et al.

OCwimp-nucleon [€MF]

1 0—41

10743

10°%

1074

1074

o

ATLAS-CONF-2020-052

009  ATLASPreliminary |
=7TeV, 4.7 fo’ —
_All'limits at 90% CL Vs=8TeV, 20.3 fb 1
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Higgs Portal Other experiments
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mamme Majorana WIMP - i LUX
PandaX-ll __|
=== XenoniT —
1 II 1 1 1 1 11 | IJ 1 1 1 1 11 1 I
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Mye [GEV]

Significantly better limits
at low mass (<10 GeV)

Competitive until the
Mymp = My/2 threshold
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https://arxiv.org/abs/1708.02245
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/

[ Observation of the coupling to the lepton t

Evidence at Run 1 from ATLAS+CMS combination

arxiv:1811.08856

% ~ | | I | | T T I | T T T | —]
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6.4 o observation
(via combination with Run 1)
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https://arxiv.org/abs/1811.08856

[ The Z/y decay

arxiv:2005.05382

- Only loop diagrams
- Complementary to ggF and yy
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Crucial to measure all possible
couplings accurately
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arxiv:1308.2676, A. Azatov etal. |

Ex: composite fermions

dA(h—Zy)/As\ and Precision Electroweak Tests [U = 0]

Impact on T/S of modified
Higgs couplings due to loops
of composite fermions
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https://arxiv.org/abs/2005.05382
https://arxiv.org/abs/1308.2676

[ Combined measurements of production and decay rates
2020

ATLAS-CONF-2020-027
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http://cdsweb.cern.ch/record/2725733

Simplified template cross sections

Exclusive regions of phase space

for specific production modes

- Combine decay channels

- Decouple theory uncertainties from the
measurements

- Retain experimental sensitivity

- Isolate BSM sensitivity regions

ATLAS-CONF-2020-027

2020
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http://cdsweb.cern.ch/record/2725733

[ The self-coupling quest W
Shape of the Higgs potential: critical to understand the

EW symmetry breaking mechanism in the early universe.

oo ---h ~h
e’
HH 1 ZD A s arxiv:1908.06765
900 ---h h

HH — bbWW

arxiv:1906.02025
Early Run 2 combination
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101 =
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Sensitivity: ~10 og,
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3 main channels not yet updated to full Run 2 dataset
Evidence for HH process may be reachable at Run 3.

Sensitivity: ~30 ogy
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https://arxiv.org/abs/1908.06765
https://arxiv.org/abs/1906.02025

arxiv:2010.02566

- Exploit huge sample of Z decays

to search for LFV: Z—ert/ur

- Hadronic t decays (1P and 3P)

- Neural network discriminant
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Improve over LEP limits
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https://arxiv.org/abs/2010.02566

CP-violating phase in ®¢

e

CPV measurement from interference between mixing and direct decay of B, — J/y®
Time-dependent flavour-tagged angular analysis
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arxiv:2001.07115

| CMS, J/wK'K™, 1161 b
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