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The nitty gritty work
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Full Run Il results deserve the best calibrations and smallest uncertainties...

over wide n, Pt range [arXiv:l908.00005]_

- Few % uncertainty on b-tagging efficiency [axi:woosio],
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Jet energy scale uncertainty of a few percent

Muon reconstruction efficiency known to few per-mille
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Full Run Il Higgs Measurements

- Full dataset used in yy,ZZ channels for differential measurements, good
agreement with state-of-the-art QCD calculations within uncertainties

[pb/GeV]

T,H

do/dp

Data/Theory

o(pp — H) = 56.7754(yv), 54.472-6(41), 55.474:3 (comb.) pb

| g ATLAS Preliminary 4 Gompneggam
- \s= 13 TeV, 139 fb’ A Hosyy .
1.6 5 HoZZ 4 =
1.4F L B NNLOPS K = 1.1, + XH ~—
1.2 ! —
= |51 E
0.8E *DE Zf* ]
0.6F DE--‘H-#; =
0.4 i , =
M 2
O:....I....I....I....I....I....I....lﬁr"@'lﬁw
1.4:_LI 11 | 11 | T 11 | I | I | L | L | I | T 11 | I I_lE
1.2 { f =
T
0.8F + =
0_6_—r IIIIIIIIIII | | 111 | | 111 | | 1 111 | I 11 1 | | 11 1 | 1 111 | | 11
0 10 20 30 45 60 80 120 200 350 1000

[GeV]

- 2.5 pb (NLO — N3LO QCD,NLO

EW)

ATLAS-CONF-2019-032

roY +17 '+~ ‘1 T rrrrr-~~rrrr~1rrrrrr1r T °rr°°T1 "
= 100k ATLAS Preliminary — G, My=125.09 GeV _
% - AHoyy 0 H—>ZZ*—4l QCD scale uncertainty
Q - .
bo_ ¢ Combined data Bl Total uncertainty (scale ® PDF+a,)
80 | Systematic uncertainty -
60 i +?
40 —
20 ! \s=7TeV, 45fb" _
- Vs=8TeV, 20.3fb"
I Vs=13TeV, 139 fb” ]
O ! | | I 1 PR N TR TN TN SN SN RN TN TN S NN S S S S S

10 11 12 13

(s [TeV]


http://cdsweb.cern.ch/record/2682844/files/ATLAS-CONF-2019-032.pdf

Lepton Flavor Violating Higgs Decays

Full Run-1l searches for H—ep [axxXiv:1909.10235]
Br( H—ep) < 6.1x10-5;
(Also limits on Br( H—ee) < 3.4x10-4)
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Di-Higgs Searches

+ Di-Higgs searches provide powerful
constraints on BSM physics

Initial Run |l searches combined to put
6.9xSM limit on non-resonant HH

P roduction [ arXiv:1906.02025 ]

8 76666660

8 6666660

A1/b

- bbWW channel updated to full Run Il
dataset

Upper limit of 1.2+04.9 3 pb (40xSM) for this
Single Channe| [arXiv:1908.06765]
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Investigating the Aleph my, fluctuation

arXiv:1610.06536
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Aleph data found 5(2.6)o local(global) sig. for a 30 GeV
My resonance in events with b-jets

CMS analysis shows 1.40 deficit to 4.20 local excess @
28 GeV

- ATLAS analyzed full Run |l data and finds no excess

[ ATLAS-CONF-2019-036 ]
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http://cdsweb.cern.ch/record/2684853/files/ATLAS-CONF-2019-036.pdf

Many more Higgs results!

Short Title

Search BSM H(125)->emu lepton flavor violating decay and H(125)->ee

h(125) combination cross-sections, couplings

HH->bb WW-> bblvlv

Search BSM H(125)->tau | (I=e,mu) lepton flavor violating decay

Search BSM bH H->bb

Combination h(125)h(125)

H(125)->invisible combination

VH(125), H->WW

VH(125) H->bb STXS

Summary of searches for mediator-based dark matter and scalar dark energy models

Measurement of the 4 lepton invariant mass distribution at 13 TeV with the ATLAS detector

Short Title

Search BSM bH with H-> mu mu

Self-coupling constraints from single and double Higgs measurements

Search for flavor-changing neutral current t to Hq with H->b-bbar and

H(125) combination differential cross-sections gamma gamma and 4l

Search BSM H->HH->4W and HH->4W

H(125)->gammagamma differential cross sections

H(125) -> tau tau VBF HH to 4b

Search H(125)->mumu
Search BSM H->HH->bb WW and HH->bb WW
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H(125)->41 STXS and differential cross sections
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Electroweak Sector: Vector Boson Scattering in ZZjj
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+ Observed ZZjj EWK production!

o(obs) = 0.82+0.21 fb

o(pred) = 0.61+0.03 fb

All VVjj channels have > 50

significance (V = W, 2)
13 TeV Zyjj result and full Run |

differential Zy also available [ATLAS-
CONF-2019-034, ATLAS-CONF-2019-039]
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Measurements Sensitive to pQCD

- Measurement of inclusive photon production up to Evr ~1 TeV with < 10%
experimental & theoretical uncertainties [axwomons]|

- Excellent NLO & NNLO agreement with data; NNLO uncertainties

comparable to data uncertainties
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ATLAS-CONE-2019-035

Multiscale Dynamics: Lund Plane

New proposal to represent % ;:, - Regions of the
internal structure of jets™ = = UE/MP Lund jet plane
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Many more Standard Model results!
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S(j,atlar Iepttoquarks prltssandisnddifoentalrssesscaiinaast b Inclusive single diffractive dissociation cross-section of pp collisions at 8 TeV ATLAS-CONF-2019-012 09-APR-19 8 24.11 nb! Documents | intemal
+Je evens \LUIU’ LR LW ) o e LALLA | = L=


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

Precision Top Physics

- Lepton + jets 13 TeV dataset used to measure

precise top quark differential distributions in wide

phase space (including boosted!)| axiusomsorss |

+ ep dilepton 13 TeV dataset used to measure ot to

2.4%!

o7 = 826.4 £ 3.6(stat) = 11.5(syst) £ 15.7 (lumi) + 1.9 (beam) pb

+ Also used to extract pole mass, differential distributions

[ATLAS—CONF—201 9-041 ]

—
o
w

ATLAS Preliminary
eu + b-tagged jets
Vs=13TeV, 36.1 fb’
Vs =8TeV, 20.2 fb”
Vs=7TeV, 4.6fb"

I B

[
|

Inclusive tf cross-section o, - [pb]

== NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
m=172.5 GeV, PDF+a, uncertainties from PDF4LHC

mP®€ = 173.1720 GeV
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% 10’ ATLAS * (x10°),200 < m' [GeV]<400 -2
G 10°E(s=13TeV,36.1f6" o (x10%,400 < [GeV]<550 &
™ 5C T _
. 10°g Resolved = (x10%),550 < m' [GeV]<700 §
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https://arxiv.org/abs/1908.07305
http://cdsweb.cern.ch/record/2686255/files/ATLAS-CONF-2019-041.pdf

o 0.07

I I I ! -
= NNLOQCD +NLOEW ATLAS Preliminary=

0.06§— =
Fu” Run II TOp ReSUItS 0_055_- Powheg+Pythia8 Vs =13 TeV, 139 fb” E
! 0.04 f_ + Data (stat./total) —f
- Measured charge asymmetry, defined as ok E
A = N(Aly| > 0) = N(Aly| <0) Aly| = |v,| = |5l 0.02;— —;
N(Aly| > 0) + N(Aly| < 0) 0.01E _'__{7 :
Good agreement with NNLO pred, puts tight oF i
limits on dim 6 BSM operators [AILAS-CONF-2019-026]  -0.01 E
~0.02F -
8 ATLASPreiminary #Data (i 0085555 {550.750]  [750.1000] [1000,1500] > 7500
345000;_ /s =13 TeV, 139 fb” [liSingleTop  Other E m. [GeV]
%40000;_ Et;st-Fit Bl Lep. fakes”” Uncertainty _; t
S TLASCONF2019038 ] Used very pure Sl)lslzeptor.\ sample to dlre.ctly measure
o : top width I =1.94535Gev | in agreement with 1.322 GeV
20000 SM prediction
15000F . . . .
10000k Sensitive to BSM contributions, relatively model
5000f independent
5 :
0.9 =
°%0 40 60 80 100 120 140

reco m_[GeV] 17


http://cdsweb.cern.ch/record/2682109/files/ATLAS-CONF-2019-026.pdf
http://cdsweb.cern.ch/record/2684952/files/ATLAS-CONF-2019-038.pdf
http://cdsweb.cern.ch/record/2684952/files/ATLAS-CONF-2019-038.pdf

Many more Top results!

Short Title

Journal Reference

Date

Links

SearCh for FCNC tqgamma in Single tOp Submitted tO PLB 22'AUG'19 13 80 fb.1 .I ...........................................................................................
nternal
Submitted t Documents | 1908.07305 | Inspire
Differential ttbar cross-sections in lepton+jets with 36 fb-1 E; J'g' eaio 20-AUG-19 13 36 fo-! - | ineprre
nterna
Submitted t Documents | 1907.10862 | Inspire
KS and Lambda production in ttbar events at 7 TeV E:J'(T:“ eato 25-JUL-19 7 5 fp! | It
Internal
) ) Submitted to 1 Documents | 1905.02302 | Inspire
Measurement of the tOp-qual'k mass US|ng ttbar+1jet eventS at 8 Tev JHEP 06‘MAY‘19 8 20.3 fb I“ ........ I ...........................................................................
Submitted t Documents | 1903.07570 | Inspire
Spin Correlation measurement at 13 TeV E:J'gl e o 18‘MAR'19 13 36 fb.“ I._ ........ I .................. I .................................... I .......... p I .......
_ JHEP 08 (2019) 1 Documents | 1903.02942 | Inspire
MeaSUrement of the Jet ShapeS at 13 Tev ............................................... 07'MAR'19 13 36 ﬂ). ....................
033 HepData | interal
JHEP 05 (2019! Documents | 1902.07158 | Inspire
ATLAS+CMS combination Of Run 1 single top measurements and extraction Of th 088 .................. ( ................ ) 18~FEB-19 8 20 fb.1 .I ............... I .................. I .................................... I .......... p I .......
nierna
Phys. Rev. D 99 Documents | 1901.03584 | Inspire
Measurement of ttv in multilepton ﬁnal States using 36.5fb'1 at 13 Tev ys ‘ eV 11-JAN-19 13 36 ﬂ).1 ............. u ................... I .................................... I .......... p I .......
(2019) 072009 Internal
JHEP 05 (2019; Documents | 1812.11568 | Inspire
SearCh for ﬂavor_changing neutral current t tO Hq With H_>b_bbar and tautau at 13 Tev 123 .................. ( ................ ) 30‘DEC'18 13 36 fb.'] I“ ........ I .................. I .................................... I pl .......
Eur. Phys. J.C 79 Documents | 1812.01697 | Inspire
Measurement of the ttbar+gamma Cross section at 13 Tev ..... ur ....... - y S .......................... 04‘DEC‘18 13 36 m.‘] ................................... I .................................... I .......... p I .......
(2019) 382 Internal
JHEP 04 (2019 D ts] 1811.12113 | |
Measurement of the ttbb cross sectonat 13 TeV~«<HEPO4 (2019) 20-NOV-18 13 P I 1 ocuments | 1811.12113 | Inspire
046 HepData | interal
Phys. Rev. D 99 Documents | 1811.02305 | Inspire
4 tOp quark search With 1 or 2 |ept0rIS ys ev 06‘NOV‘18 13 36 fb.‘] ................................... I .................................... I pl .......

(2019) 052009

Short Title Document Number

Top quark mass using soft muon tags ATLAS-CONF-2019-046 27-SEP-19 13 36 fb"! Documents | intemal
Observation of Zq single top at 13 TeV ATLAS-CONF-2019-043 23-SEP-19 13 139! Documents | intermal
tigamma cross section in emu channel ATLAS-CONF-2019-042 22-SEP-19 13 140 Documents | intemal
Measurement of the ttbar production cross-section in the lepton+jets channel at 13 TeV ATLAS-CONF-2019-044 22-SEP-19 13 139 fo! Documents | intemal
Top width measurement in dilepton ttbar ATLAS-CONF-2019-038 02-AUG-19 13 13961 Documents | intermal
Inclusive and lepton differential cross-sections in dilepton ttbar with 36 fb-1 ATLAS-CONF-2019-041 04-AUG-19 13 36 b Documents | intemal

Measurement of ttbar charge asymmetry at 13 TeV in I+jets ATLAS-CONF-2019-026 09-JUL-19 13 139 fb-" Documents | Briefing | internal 18
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ATLAS SUSY Searches™ - 95% CL Lower Limits ATLAS Preliminary

July 2019 V5 =13 TeV
- _1 - -
S l ' SY Model Signature  [Ldt [ Mass limit Reference
L | | I | | | | | ] L} L I L | | 1 | | | |
Gd, G4 Oe u 26jets  Ep ™ 36.1 1.55 m(/\7?)~<01 00 GeV 1712.02332
o mono-jet  1-3jets  Ej 36.1 0.71 m(g)-m(¥1)=5 GeV 1711.03301
% 3%, §—qa¥1 Ocp 26jets  Ep' 361 |2 | 2.0 m(¥})<200 GeV 1712.02332
& g Forbidden 0.95-1.6 m(X;)=900 GeV 1712.02332
B 3z z—qa(tOT] Se.u 4 jets I A I 1.85 m()?‘Qfeoo GeV 1706.03731
g, ee, uu 2 jets E; 36.1 g 1.2 (")-m(Xl )=50 GeV 1805.11381
B 3z, goqqWZ u . Z-1liels EmS 08 00794
3 SS e, 6 jets mm =200 GeV ATLAS-CONF-2019-015
C
= gg, gt 0-1e h fgmws 798 |g . 92995 ") 000Gey ATLAS-CONF-2018-041
2 i 00 cov
biby, by —bX) )Xt Multiple 36.1 | B Forbidden 0.9 m(¥})=300¢ GeV, BR(bX.) 1708.09266, 1711.03301
Multiple 6 orbidden D.58-0.8 (¥’ =300 Ge .:, —RR(z} _ 08.09266
Multiple 139 |5 Forbidden . = ] = ] = ATLAS-CONF-2019-015
w o bibi, bi—b¥y — bhi 0e,u 6b  EM® 139 Forbidden 0.23-1.35 Am(E3. ¥1)=130 GeV, m(¥1)=100 GeV SUSY-2018-31
< 9 0.23-0.48 Am(Xz,X?) 130GeV, mm)=o GeV SUSY-2018-31
T S :
§'§ A, fl—’Wb)?(l) or ¥} 02ep O2jets/t2bEy” 361 | ¥))=1GeV 1506.08616, 1709.04183, 1711.11520
. g 1, t1—>WbX1 1epu 3jets/1 b EF™ 139 i 0.44-0.59 m(¥})=400 GeV ATLAS-CONF-2019-017
S A, t1—>‘r1bv #1516 Tr+Teut 2jets/Thb Ly 6. m(71)=800 GeV 1803.1017/8
3 % R, fi—ck) | 68, E—ck) Oe,pu 2¢ EP™ 36.1 E 0.85 m(¥})=0 GeV 1805.01649
@ _ i 0.46 m(7, ,&)-m(¥")=50 GeV 1805.01649
Oe,u mono-jet EF™*  36.1 i 0.43 m(7, ,&)-m(t})=5 GeV 1711.03301
iy, 1 +h 1-2ep 4b ETSS 361 b 0.32-0.88 m(¥)=0 GeV, m(7, )-m(t’)= 180 GeV 1706.03986
iy, h—i +Z Se,u 1b ERS 139 Forbidden ! m(¥})=360 GeV, m(f,)-m(¥\)= 40 GeV ATLAS-CONF-2019-016
Y05 via Wz 2-3e, EMS 361 | e 0.6 m ()= 1403.5294, 1806.02293
: L)-m(X; )=5 GeV ATLAS-CONF-2019-014
XiXT via Ww s : . m(t})=0 ATLAS-CONF-2019-008
XiX; via Wh Te, o X; /¥ Forbidden . m(¥))=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF2019-XYZ
= § WX vial/v s X . m(Z,7)=0.5(m (Y% )+m(¥})) ATLAS-CONF-2019-008
W= 2z ) mis: * [FL, FRU 0:1650:3] 0.12-0.39 m(?)=0 ATLAS-CONF-2019-018
PLrlLR, I—E0) ' miss . m(’)=0 ATLAS-CONF-2019-008
0.256 m(Z)-m(¥})=10 GeV ATLAS-CONF-2019-014
HH, H—hG/ZG Oe,pu >3b EFMS 361 )74 0.13-0.23 0.29-0.88 BR(Xl — hG)=1 1806.04030
4epu Ojets  EF™  36.1 H 0.3 BR(Y! — ZG)=1 1804.03602
D o DirectX]¥] prod., long-lived i} Disapp. trk 1 jet EPss 361 | i 0.46 Pure Wino 1712.02118
= % Pure Higgsino ATL-PHYS-PUB-2017-019
g’ g Stable g R-hadron Multiple 36.1 1902.01636,1808.04095
S 2 Metastable % R-hadron, 3—qqg¥) Multiple 36.1 m(¥))=100 GeV 1710.04901,1808.04095
LFV pp—v: + X, Vr—eu/et/ut e, eT,uT A5,,=0.11, A132/133/233=0.07 1607.08079
YiEXT IS — WWjzeettvy 4ep Ojets  EMiss m(¥))=100 GeV 1804.03602
gz, 8-q9a%1, X1 = qqq 4-5large-R jets . Large A7), 1804.03568
Q>_ Multiple m(Y})=200 GeV, bino-like ATLAS-CONF-2018-003
O 77 b, X)) - ibs Multiple m(¥))=200 GeV, bino-like ATLAS-CONF-2018-003
[~lfl,[~l—)q£ Z & RR(7 ho |k 1°/. N N A/
1 DV BR(7, —qu)=100%, cosf,=1 ATLAS-CONF-2019-006
1 1 1 1 1 1 1 1 I 1 ] 1 [ ] 1
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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ATLAS Preliminary —— sMm Total
\s=13 TeV, 139 fb ¢ Data

MB-SSd L] Wijets

11]]]

SUSY Strong Production

Events / 200 GeV

: . , 10° fi(+EW) & single top
- Comprehensive search for all hadronic final states of s . s
B Multijet

squarks & gluinos in R-parity conserving simplified 107
scenarios

(@%,) = (1800, 600)

—

- Cut-based and BDT approaches combined for
maximum sensitivity

15 E
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- Model independent results also presented M,y [GeV
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N
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| All limits at 95 % CL [arXiv:1712.02332] 4 P 1400 [ 0-leptons, 2-6 jets B Exp. limits BDT 7 p
B . ~ — Al limi % = OLobs.36fb" . ~
— = q =0 — Alllimits at 95 % G T [arXiv:1712.02332] ’ q =0
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SUSY EWK Production

+ If squarks and gluinos are very heavy then may only have access to charginos and
neutralinos

- Low cross-section final states dominated by leptons + MET, sometimes “extras” like Higgs

July 2019 ATLAS Preliminary  1s=8,13 TeV, 20.3-139 b’ All limits at 95% CL
; 350 _I L L I LI I 1 }: LI | 1 ::l l::l I r 1 1 1 I rm T 1 1 I LI I 1 I_ . ' ”I . J’) ),)l )l): ( l + C()S‘ A¢ )
[ _ _| == Expected limits CT = \ <Py Pt ~ bb )s
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https://arxiv.org/abs/1909.09226

Many more SUSY results!

Short Title

Journal Reference

Date

Links

Chargino-neutralino pair; Higgs boson in final state, 2 b-jets and 1 lepton

Stop pair, sbottom pair, gluino pair; two same-sign leptons or three leptons

Chargino pair, slepton pair; 2 leptons

Sbottom; b-jets

Gluino pair, squark pair; displaced vertex with lepton pairs

Spin correlation measurement at 13 TeV

Summary of searches for mediator-based dark matter and scalar dark energy models

Searches for 3rd generation Leptoquarks

Gluino pair, squark pair, stop pair, R-hadron; pixel ionisation, calorimeter and muon timing

Chargino-neutralino pair; Higgs boson in final state

Displaced jets in muon system

Short Title

Submitted to
EPJC

Submitted to
JHEP

Submitted to
EPJC

Submitted to
JHEP

Submitted to PLB

Submitted to
EPJC

JHEP 05 (2019)

19-SEP-19

18-SEP-19

21-AUG-19

08-AUG-19

23-JUL-19

18-MAR-19

03-MAR-19

21-FEB-19

05-FEB-19

22-DEC-18

18-NOV-18

Gluino pair; squark pair; gluino-squark; O-lepton

Soft b-hadron tagging for compressed SUSY scenarios
Chargino-neutralino pair; Higgs boson in final state, 2 photons

Chargino-neutralino pair; 3 leptons, weak-scale mass splittings

Stop pair; 1-lepton

Chargino-neutralino pair, slepton pair; soft leptons

Stop pair; Z boson

Staus; taus

Stop pair, long-lived; displaced vertex and displaced muon

13

13

13

13

13

13

13

13

13

13

13

139 b

139 fb-1

139 fb"!

139 fb-1

Document Number

ATLAS-CONF-2019-040

ATLAS-CONF-2019-027

Date

05-AUG-19
11-JUL-19
17-MAY-19
19-MAY-19
19-MAY-19
19-MAY-19
17-MAY-19
17-MAY-19
18-MAR-19

13
13
13
13
13
13
13
13
13

139 fb’!
139 fb’!
139 fb’!
139 fb’!
139 fb’!
139 fb’!
139 fb’!
139 fb’!
136 fb™!

Links

Documents | intemal

Documents | intemal

Documents | intemal

Documents | intemal

Documents | intemal

Documents | Briefing | internal

Documents | intemal

Documents | Briefing | internal

Documents | intemal
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Exotics

ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: May 2019 [£ dt = (3.2 139) oL Vs=8,13 TeV
Model ty Jetst ET™ [rdi) Limit Reference
1 1 1 I 1 1 1 1 1 | LI I 1 1 1 1 1 1 L L I 1 | | 1
ADD Gkk + g/q Oe,u 1-4] Yes 36.1 Mp 7.7 TeV n=2 1711.03301
g ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n =3 HLZNLO 1707.04147
S  ADDQBH - 2] - 37.0 Mg 89TeV n=6 1703.09127
2  ADDBH high ¥ pr >1e,p > 2] - 32 | M 8.2 TeV n=6, Mp = 3 TeV, rot BH 1606.02265
QE) ADD BH multijet - > 3] - 36 | My 9.55 TeV n =6, Mp = 3 TeV, rot BH 1512.02586
S RS1 Gk — vy 2y - - 36.7 Gkk mass 4.1 TeV k/Mp, =0.1 1707.04147
© Bulk RS Gkx —» WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp; = 1.0 1808.02380
b Bulk RS Gxx — WW — qqqq Oe,u 2J - 139 Gkk mass 1.6 TeV k/Mp; = 1.0 ATLAS-CONF-2019-003
L Bulk RS gkk — tt le,u >1b,>1J/2] Yes 36.1 gkk Mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP ey >22b,>23j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMY - tt) =1 1803.09678
SSM Z" — ¢t 2eu - - 139 Z’' mass 5.1 TeV 1903.06248
» SSMZ’ - 17 27T - - 36.1 Z’ mass 2.42 TeV 1709.07242
g Leptophobic Z’ — bb - 2b - 36.1 Z’' mass 2.1 TeV 1805.09299
Q Leptophobic Z’ — tt 1e,u >1b,>1J/2) Yes 36.1 Z’ mass 3.0 TeV Mm=1% 1804.10823
Q SSM W’ — ¢y 1epu - Yes 139 W’ mass 6.0 TeV CERN-EP-2019-100
S SSMW -1y 17 - Yes 361 | W mass 3.7 TeV 1801.06992
PU HVT V' - WZ — qqqq modelB 0 e, u 2J - 139 V’ mass 3.6 TeV gv=3 ATLAS-CONF-2019-003
O HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv =3 1712.06518
LRSM Wk — tb multi-channel 36.1 Wr mass 3.25 TeV 1807.10473
LRSM Wg — uNg 2u 1J = 80 Wg mass 5.0 TeV m(Ng) =0.5TeV, g, = gr 1904.12679
_ Cl qqqq - 2 - 37.0 A 21.8 TeV 1, 1703.09127
O  Cltqq 2e,pu . - 361 | A 40.0 TeV n;, 1707.02424
Cl tttt >1eyu >1b,>1] Yes 36.1 A 2.57 TeV |Cat| = 4n 1811.02305
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.55 TeV g4=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
=S Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
Q  vWyy EFT (Dirac DM) Oer 14,<1j  Yes 32 | m, 700 GeV m(y) < 150 GeV 1608.02372
Scalarreson. ¢ — ty (DiracDM) O-1e,u 1b,0-1J Yes 36.1 my 3.4TeV y=0.4,1=0.2, m(y) = 10 GeV 1812.09743
Scalar LQ 15t gen 1,2 e >2] Yes 36.1 LQ mass 1.4 TeV B=1 1902.00377
@] Scalar LQ 2"? gen 1,2 u > 2] Yes 36.1 LQ mass 1.56 TeV B=1 1902.00377
~ Scalar LQ 3™ gen 2T 2b - 36.1 LQZ mass 1.03 TeV B(LQY — br) =1 1902.08103
Scalar LQ 3™ gen 0-1e,pu 2b Yes 36.1 LO;‘ mass 970 GeV B(LQY - tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X  multi-channel 36.1 | T mass 1.37 TeV SU(2) doublet 1808.02343
>0 VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
T o VLQ T5/3 T5/3|Ts;3 > Wt 4+ X 2(SS)/>3 eu>1b,>21] Yes 36.1 Ts/3 mass 1.64 TeV B(Ts3 > Wt)=1, c(Ts;3 Wt)=1 1807.11883
% 8_ VLQY - Wb+ X 1eu >1Db,>1] Yes 36.1 Y mass 1.85 TeV B(Y - Wbh)=1, cgp(Wh)=1 1812.07343
VLQ B - Hb+ X Oeu,2y >21b,>21] Yes 79.8 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
VLQ QQ — WqWgq 1eu >4j  Yes 203 [lOmaSSIeo0cew 1509.04261
S @ Excited quark ¢* — qg - 2] - 139 q* mass 6.7 TeV only u* and d*, A = m(q") ATLAS-CONF-2019-007
Qo g Excited quark g* — qy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
S € Excited quark b* — bg - 1b, 1] - 36.1 | b* mass 2.6 TeV 1805.09299
w § Excited lepton ¢* 3e,u - - 20.3 = A=3.0TeV 1411.2921
Excited lepton v* 3eut - - 20.3 A=16TeV 1411.2921
Type Il Seesaw Teu > 2] Yes  79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2] - 36.1 Ng mass 3.2 TeV m(Wg)=4.1TeV, g, = gr 1809.11105
oy Higgs triplet H** — ¢¢ 2,3,4 e, u (SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
< Higgs triplet H** — (7 e ut _ _ 203 |H*tmass = 400GeV DY production, B(H;* — (1) =1 1411.2921
o Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
V§=13TeV v_=13-rev L 1 a3l 1 1 1 1 L1 aal 1 1 1 1 L a1 gl 1 1 1 1
partial data full data 1 0_1 1 1 0 Mass Scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.

+Small-radiiis (larae-radiiis) iets are denoted bv the letteri (.])
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Dark Matter Searches

- Simple assumptions on leptophilic and leptophobic dark matter scenarios
narrowing parameter space for DM at LHC

- Axial-vector mediators exclude to 2.6(3.6) TeV for leptophobic(philic) DM

+ Vector mediators exclude to 2.6 TeV for leptophobic DM

1 .6 . /I L | ' / | UV I
N X Q) -
- ?iTLAS*DrellmlrIary N O 7 _
14 B 13 TeV Jul 2019 2 b Q;J/ _
] — Vv . °\\C) -
R 2 _
- 2 N )
1.2 = —
|— | | ] —
1 B —_
0.8 -
SN ]

(Y o

= D .’; -
0.4 @ —
& | :
= §’ ¥ ! Axial-vector mediator, Dirac DM -
0.2—Q?: L gq=0' sg|=os gX= 1 -
S4 | Ke All limits at 95% CL i

ﬁ( ‘/. i 1 " | 1 1 PR PR T | PR T T N TR SRR TR T NN TR TN TN N

0 0.5 1 1.5 2.5 3 3.5 4
m, [TeV]

— Dijet

Dijet, 37.0 fb

PRD 96, 052004 (2017)
Dijet TLA, 29.3 fb™

PRL 121 (2018) 0818016
Dijet+ISR, 79.8 fb

PLB 795 (2019) 56
Boosted dijet+ISR, 36.1 fb™
PLB 788 (2019) 316

Boosted di-b+ISR, 80.5 fb™
ATLAS-CONF-2018-052

tt resonance

36.1 fb™
EPJC 78 (2018) 565

bb resonance

36.1 fb™
PRD 98 (2018) 032016

ET°4+X

ET*°+y, 36.1 b

Eur. Phys. J. C 77 (2017) 393
ET**+jet, 36.1 fb!

JHEP 1801 (2018) 126
ET+Z(1l), 36.1 fb*

PLB 776 (2017) 318
ET**+V(had), 36.1 fb”

JHEP 10 (2018) 180

m, [TeV]

—
o

T T ..- TT "T'I” " T T T /, r 7 : ]
" ATLAS Preliminary R [
1 4-{s = 13 TeV, July 2019 Ny E
. N :. / /0'.. &P\‘ / |
- ) /."'q,'l' / i
R / /.'.. / /\% ’ -
1.2 / g™ .
: / ) / g 2@,}? :
1= / L s N
= / ’\// /((\Q} |
R y /. & _
= Y «\(\ / i
N , E
0.8} ) :
0.6 N & __
o -
S éb -
0.4\ & —
N | -
0.2 S QE Dilepton Axial-vector mediator, Diqac DM -
<L / gq=0.1,gl=0.1,gx=1 i
5 4 T All limits at 95% CL -

v i . L | I T T | J o

0 0.5 1 1.5 2 2.5 3 3.5 4

my [TeV]

— Dilepton

139 fb™
PLB 796 (2019) 68

~— Dijet

Dijet, 37.0 fb
PRD 96, 052004 (2017)

Dijet TLA, 29.3 fb™
PRL 121 (2018) 0818016

_— E-TiSS+X

ET*°+y, 36.1 fo

Eur. Phys. J. C 77 (2017) 393
ET*+jet, 36.1 fb!

JHEP 1801 (2018) 126
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Dark Sectors: Displaced Lepton Jets

Fraction of DPJ

If there exists a complex dark sector it could couple to the

higgs and mix with the SM through a dark photon

0.2

0.18

0.16

0.14

0.12

0.1

0.08

Search for displaced lepton jets from dark photon decays

Set limits based on dark photon ct, mass and mixing parameter

to the SM [M]

_I [ | 1 | 11 | 11 | 11 | 11 | 11 | 11 | L | [ I_
- H- 2y +X ATLAS Simulation -
- m,=125GeV E
= m, =400 MeV s=13 TeV :
- - — FRVZ signal -
- - - - MC multi-jets J_:
:LLJ I : —I_I_:
-1 -0.8 1

d

10

95% CL Limit on oxB(H— 2y +X) [pb]

ATLAS

36.1 fo' Vs =13 TeV

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

B(H— 27d+X) =10%

----- expected limit
— observed limit
expected + 2¢

N expected + 1o

1

10

10 10°
Dark photon ¢t [mm]

10°E

10

HLSP

arXiv:1909.01246

B(H—> 4y +X) = 10%

' ATLAS

uDPJ - uDPJ channel

m,, = 125 GeV
m, =400 MeV

£ 36.1 b Vs = 13 TeV

------ expected limit
— observed limit
expected + 2¢

N expected + 1o

1

10

102 10°
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https://arxiv.org/abs/1909.01246

ATLAS Long-lived Particle Searches™ - 95% CL Exclusion ATLAS Preliminary

Status: July 2013 [£dt=(18.4-36.1) fb"1 5 =8, 13 TeV
Model Signature  [£dt [b] Lifetime limit Reference
RPV x0 — eev/euv/uuv  displaced lepton pair ~ 20.3 | x} Iife;imel m _—— 77a0mm| ] o Im(IE)I:l ;-;ITGV, m()lfcl’)zl1-(;T;Vl " 1504.05162
GGM y? - Z G displaced vix + jets 20.3 )(‘1’ lifetime m(g)=1.1TeV, m(x%)= 1.0 TeV 1504.05162
GGM X(l) - 7ZG displaced dimuon 32.9 X‘I’ lifetime 0.029-18.0 m m(g)=1.1TeV, m(x?)= 1.0 TeV 1808.03057

GMSB non-pointing or delayed y 20.3 | x{ lifetime _ SPS8 with A= 200 TeV 1409.5542
AMSB pp — x*x%,x{x;  disappearing track 20.3 | x7 lifetime _ m(y¥)= 450 GeV 1310.3675

AMSB pp — xix%, x{x;  disappearing track 36.1 | x7 lifetime 0.057-1.53 m m(x7)= 450 GeV 1712.02118
AMSB pp — xx, xix7 large pixel dE/dx 18.4 | x7 lifetime _ m(x*)= 450 GeV 1506.05332
Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519 m B(g — Sg)= 0.1, m(g)= 500 GeV 1811.07370
Split SUSY large pixel dE/dx 36.1 g lifetime >0.9m m(g)= 1.8 TeV, m(x9)= 100 GeV 1808.04095
Split SUSY displaced vtx + E;“‘SS 32.8 g lifetime 0.03-13.2m m(g)= 1.8 TeV, m(x?)= 100 GeV 1710.04901
Split SUSY 0(,2-6jets +EMS  36.1 | g lifetime 0.0-2.1 m m(g)= 1.8 TeV, m(x})= 100 GeV | ATLAS-CONF-2018-003

low-EMF trk-less jets, MS vix 36.1 s lifetime 0.18-120 m m(s)= 25 GeV 1902.03094

FRVZ H - 2y4 + X 2 e—, u—jets 20.3 0-3 mm m(yq)= 400 MeV 1511.05542

FRVZH — 2y, + X 2 e—, u—, n—jets 36.1 v4 lifetime 1.5-284 mm m(yq)= 400 MeV CERN-EP-2019-140

FRVZ H — 4y, + X 2 e—, u—, m—jets 36.1 | ya lifetime CERN-EP-2019-140

3.7-178 mm m(yq4)= 400 MeV

H— Z4Z4 displaced dimuon 32.9 Z, lifetime 0.009-24.0 m m(Z4)= 40 GeV 1808.03057

H— ZZ, 2 e, u + low-EMF trackless jet 36.1 Z4 lifetime 0.21-5.2m m(Z4)= 10 GeV 1811.02542

VH with H — ss — bbbb 1 —2{ + multi-b-jets 36.1 s lifetime  0-3 mm B(H — ss)=1, m(s)= 60 GeV 1806.07355

$(200 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m o x8B=1pb, m(s)= 50 GeV 1902.03094

(600 GeV) — s's

low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.04-21.5m o x 8= 1 pb, m(s)= 50 GeV 1902.03094

(1 TeV) - ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o x 8= 1 pb, m(s)= 150 GeV 1902.03094

HV Z'(1 TeV) = qvqu 2 IDMS vertices ~ 20.3 | s lifetime 07X B=1pb, m(s)= 50 GeV 1504.03634
HV Z’(2 TeV) — qvqy 2 ID/MS vertices 20.3 s lifetime o x 8= 1 pb, m(s)= 50 GeV 1504.03634
1 1 1 1 1 bL1 II | | 1 [ | [ ] 1 L 1 b1 II 1 1 1 | I | I'
0.01 . 100
ct [m]
1 IIIIII 1 1 1 IIIIII 1 1 1 IIIIII 1 1 1 IIIIII 1 1 1 IIIIII 1 1 1 1. 11
0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.
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Many more Exotics results!

Short Title

Journal Reference

Search for displaced lepton-jets

Gluino pair, squark pair; displaced vertex with lepton pairs

lepton + MET resonance search

Search for excited electrons

Search for highly ionising particles/monopoles

Prompt and Displaced Heavy Neutral Lepton Search

Heavy Neutrino search in boosted topology

H(125)->invisible combination

Dilepton Resonance Search

Summary of searches for mediator-based dark matter and scalar dark energy models

Search for top - anti-top resonances in the hadronic final state

Searches for 3rd generation Leptoquarks

Search for displaced hadronic jets in the calorimeter

Gluino pair, squark pair, stop pair, R-hadron; pixel ionisation, calorimeter and muon timing

Scalar leptoquarks pair search and differential crorZo=2tos ——ooo o mnt e fo o sios oo Zie e Sot
events Short Title

Resolved low mass dijet resonance search with IS VBF HH to 4b

Dijet resonance search
Search for MET plus a single top quark

Low mass boosted di-b-jet resonances with an extra jet

Submitted to EPJC

Submitted to PLB

10.1103/PhysRevD.100.052013

Eur. Phys. J. C 79 (2019) 803

Submitted to PRL

Accepted by JHEP

Phys. Rev. Lett. 122 (2019)
231801

Eur. Phys. J. C 79 (2019) 481

Phys. Rev. D 99 (2019) 092007

03-SEP-19

23-JUL-19

13-JUN-19

07-JUN-19

24-MAY-19

23-MAY-19

29-APR-19

10-APR-19

14-MAR-19

03-MAR-19

26-FEB-19

21-FEB-19

08-FEB-19

05-FEB-19

ATLAS-CONF-2019-030

13

13

13

13

13

13

13

7,8,13

13

13

13

13

13

13

Document Number

ATLAS-CONF-2019-007

ATLAS-CONF-2018-052

36 fb-1

32.8 fb1

139 fb-?

36 fb!

36 fb"1

11-JUL-19
17-MAR-19
26-NOV-18

Documents | 1909.01246 | Inspire

HepData l Internal

Documents | 1906.05609 | Inspire
HepData | intemal

HepData l Internal

Documents | 1904.05105 | Inspire

HepData l Internal

MNAasiimantas | 1QND NN2T77 | lnenira

13 126 fb-!
13 139 fb-?
13 80 fb-1

Documents

Documents

Documents


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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LS2 Work

+ Large program of consolidation: fixing leaks, replacing
old parts, etc.

E.g., TRT gas change due to leakage, replacement of pixel
opto-boards, cooling connections replaced for calorimeters,

muon gas leak repairs

Significant maintenance to technical networks and general
infrastructure

+ Phase Il Upgrades demonstrator & prep work:
Tile calorimeter electronics demonstrator installed

MDT replacement options studied

View of the Inner Detector, after opening of
end plate (March 2019)
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Super Cells

1 B

Present Phase-|

Phase | Upgrades

Liquid Argon Calorimeter Electronics improved to
provide higher granularity information to trigger
system

Level 1 Calorimeter trigger completely redesigned
to exploit LAr granularity and new muon electronics

TDAQ Readout System completely redesigned:
FELIX

Planned installation of New Small Wheel: l — |
completely new muon inner endcap -

| P




' Thank you!

ATLAS ' “n

EXPERIMENT

1 EXPERTME \ Highest mass géntral dijgt event (8 TeV)

Event: 4144227629

| 2016-08-08 08:51:15 cnsi"""\ / T founa in\reSOﬂ?ﬁCG search
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Jet Energy Scale: ATLAS

3 01 1 I T T T T T I I 1 I T T T T
s - Data 2015-2017, Vs = 13 TeV ATLAS Preliminary -
a " anti-k, R = 0.4, EM+JES )
@ _
2 0_08_—11 =0.0 Total uncertainty -
- B === Absolute in situ JES _
& i =111+ Relative in situ JES _
D 0.06— == Flav. composition, inclusive jets _
I T Flav. response, inclusive jets -
S — Pile-up, average 2015-2017 conditions -
5 == Punch-through, average 2015-2017 conditions -
S 0.04
LL

0.02

20 30 40 107

10°

Fractional R,, g uncertainty

JETM-2018-006

ATLAS-CONF-2017-063

- ATLAS

0.06— Vs =13 TeV, 36.2 b, multijet

— Trimmed R = 1.0 anti-k, (LCW+JES+JMS)
0.05— Large-R jet My | < 0.8

- Recoil system: anti-k; R = 0.4 EM+JES
Total uncertainty

0.04— Statistical uncertainty
B — in-situ R = 0.4 EM JES uncertainty
B — Single particle uncertainty
0.03[ ---- Flavour composition, response
N Pile-up, average 2016 conditions

Event selection criteria

|

0.01

-y
-y
-y
-~ o
L™ -

------. "----.-.

- ur - - -~

Ll — -~ -

‘.
5'..
s

2x10° 3x10°
Large-R jet p. [GeV]

3x10° 10°
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2018-006/
http://arxiv.org/abs/1310.8197

STXS Cross-Sections

arXiv:1909.02845

'y

V(lep)H

arXiv:1909.02845

ATLAS
Vs=13 TeV, 36.1 - 79.8 fb™

Py, = 89%

m, =125.09 GeV, ly | <25

B?’ 7/B Z7* I.l
B, /B, |_._|
WW*/B 27* I_.+

—e— Total

SM

B../B,,.

107

1

10

qq— Hlv, p,” <250 GeV

qq— Hlv, p,” =250 GeV

gg/qq— Hll, p,” <150 GeV

gg/qq— Hll, 150 <p " <250 GeV

r Yoy

gg/qq— Hll, p,” > 250 GeV

gg—H

0-jet

1-jet, pl < 60 GeV

1-jet, 60 < p’; <120 GeV
1-jet, 120 < p’; < 200 GeV
> 2-jet, p’; <200 GeV

> 1-jet, p!! 2200 GeV
VBF topo + Rest
VH topo

Iz
— o

p’T > 200 GeV

p¥ < 250 GeV
p‘T/ > 250 GeV

p¥ <150 GeV

150 < p¥ < 250 GeV
p¥ > 250 GeV

1072

107

1

o xB,,./Bo. [pb]
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https://arxiv.org/abs/1909.02845
https://arxiv.org/abs/1909.02845

Phys. Rev. D 99 (2019) 052004

Multiscale Dynamics: Gluon splitting

- Select sample rich in g>bb by large radius
jet with 2 small radius sub-jets, at least 1

———
- ATLAS -

/T

b-tag § 15 Vs=13TeV,L =33 fb" _
" o5 b ]
Probe quantities related to b-b system 3 )
S~ L ' | )
Top _8 \\\\\\ @\ \\\\\ A\ \\\\\\\\\\ \\\\\\ S @
P b view b = KB o -
| / o~ 4 E i )
g Large R [ b | ; i @® 2016 Data ]
N 9 0.5 Total Uncertainty
 swall] 3 i AR(b,b) - A Sherpa 2.1 -
& ( - NER Pythia 8.230 (A14 + Var2+) -
b N %D 3 i £3  Pythia 8.230 (A14,nogpol.) |
‘\_}4 / O | | |
- - g ) -
q q R s SRR o SR -
8 5
Data shows significant deviation from models 0.8 1
in angle related to gluon polarization (largely AB ) b/ T

unconstrained from prior data)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052004

arXiv:1906.09254

Multiscale Dynamics: Jet Constituent Characteristics

By exploiting the fact that forward jets tend to SO e T T T
be quark dominated, can extract in situ quark C [ s-13Tev. 331" :

. : : = - -
& gluon distributions T 0.4]-900<Jetp, / GeV <1000 -

® Topic 1 Data

Utilize ML technique, topic modeling, to extract < 0 & Topic2Data :
distributions without dependence on MC models — 0.91 e a1
. ) opic thia 8. i}

. o - - -~ Quarks Pythia 8.186 A14 -

Jet Topics Mixed Jet Sample N R | :

0.2— e - === Gluons Pythia 8.186 A14 _

' Mixed Jet Sample |
| 0000

Quarkje? o000
Alsaiitha \

0000
o000
| Jet Fractions Mixed Data Histogram

Gluon Jet

Phys. Rev. Lett. 120, 241602 (2018)
Paper has detailed comparisons of jet
fragmentation quantities in forward and central
regions, compares g/g distributions extracted
with MC fractions to NSLO predictions
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https://arxiv.org/abs/1802.00008
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-16/

Q/G Jet Extraction

arXiv:1906.09254

-+ Topics converge to quark/gluon
definitions in the case that there
are some bins in the dataset
which are purely quark or purely
gluon

Basically true for quarks, not
quite true for gluons, but
converges at high pT

Only true for Nch

~ 40—

< nch

-
- (minj{hf /hC.-}) x h¢
h.! = :
| | — min;h! /S
T he — (minj{h;./hf}) X h{
T | — min; h< /K
|
-

- Extraction relying on MC
fractions shows good agreement
with N3LO at low pT, diverges at
high pT

Used for Nch & fragmentation
variables

h = fihd +(1- f))hf,
(1= f)hE,

- /i

30!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-16/

Top Charge Asymmetry

ATLAS-CONF-2019-026

-
y——

p -

ATLAS Preliminary
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{s =13 TeV, 139 fb™

differential A%, vs. NNLO QCD + NLO EW
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http://cdsweb.cern.ch/record/2682109/files/ATLAS-CONF-2019-026.pdf

Multi-scale: Jet production

- ATLAS selects hadronic top, W and dijet events and compares |et
substructure variables for data and standard generators

w [ | | | | | | i
c & ATLAS 1 b L
& oo N _ATLAS - -
° 32t el - Tobigiecion WhTLAS. .
- £ \ -k, R=1. —e— Ditg Ttre\creeereRRLT sfer13 TSV, 33t
° L N Soft Droth=O,z =0.1 - = Povx?ﬁégfpythia
—p 0.5— cut — - — = Powheg+Merwig FE R
B ] - MG5_aMC+F’y’£hia -‘f .
- 2 N\ W selection _ 4 E=+ - Sherpa ., F'
04— / #7 Top selection N sE |
B /% |4/ Dijet selection ] 2 - v . 1
E /////% E o 18 AnIti-ILII:%i1I.0:pTII>)3;I?i|JQ/-IL-I HI I...I NG et | I%I ——
— — = 1.6 ’ _ . - 1 l";”i" ~ i / ti-k, R = 1.0,
0.2:— I ) —: ‘3‘5 14 Sof drOpgoezféét 1;1_ :. ' Sof d1r0P5=OED
i |||||||¢|||||||W%/% : = gé TE RS | |
T oy , E | X S R e v L i el S AR R i
5 T ;
P 0O I I W MM L TV Wi
0 1 2 3 5 6 7/ 8 9 .
Nsubjets Selection
£
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https://arxiv.org/abs/1903.02942

