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Run 2

ATLAS

* Tremendous step relative to Run 1

46fb1@s=7TeV
20.3fb' @ s = 8 TeV
Run 1

EXPERIMENT

139 fb-1 @ Js = 13 TeV

Run 2

- ATLAS
— Preliminary

:_ . LHC Delivered
ATLAS Recorded
Good for Physics

/s =13 TeV

Delivered: 156 fb
Recorded: 147 fb™
Physics: 139 fb™
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Run 2

ATLAS

EXPERIMENT

* Number of events increase by factor of 10 - 20 relative to Run 1 for key processes

* Huge gain in BSM search sensitivity
* Much improved measurement precision

* Access to rare SM processes

* Huge Run 2 dataset is a gold mine
for physics, for years to come

 LHC not just a proton collider but
- a gluon/quark collider (incl. bottom, top)

- a W and Z collider

- a photon collider
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Run 2 physics program

ATLAS

e Search for BSM, including
- dark matter
- supersymmetry
- heavy fermions, gauge bosons
* Precision SM measurements, including
- Higgs
- top quark
- electroweak sector
- strong interactions
- tests of flavor universality, CPV
* Rare SM processes, including
- anomalous couplings
* Heavy ions, including
- quark-gluon plasma
- photon-photon collisions
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Caveat: only a glimpse of the physics program can be shown here!
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Efficiency

Data/ MC

Detector reconstruction and object performance ATLAS

EXPERIMENT
» Bumper crop of results from Run 2 only possible thanks to excellent understanding of

detector performance, and development of reconstruction and identification algorithms
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Searches at the energy frontier ATLAS

EXPERIMENT
* Naturalness arguments motivate search for TeV-scale new physics

all limits in this talk at 95% CL
* Much ground covered (a few examples here) unless indicated otherwise

® Dijet resonances arXiv:1910.08447
- large kinematic reach (data up to mjj = 9.5 TeV)
* Dilepton & /v resonances - m(g*) > 6.7 TeV, m(QBH) > 9.4 TeV,

- M(W’ssm) > 6.0 TeV, m(Z’ssm) > 5.1 TeV m(W’) > 4.0 TeV, m(Z’pbm) > 4.6 TeV
arXiv:1906.05609 arXiv:1903.06248

Vs=13 TeV. 139 fb1 —— Background fit
W Selecti(;n — BumpHunter interval

--O-- W*, mW* = 4 TeV
W*, m . =5 TeV

W*, ¢ x 1000
p-value = 0.88

ATLAS
\s =13 TeV, 139 fb™
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-30/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/

Run: 329716
Event: 857582452
2017-07-14 10:48:51 CEST

jet1 pT=3.0 TeV
jet2 pT = 2.9 TeV

EXPERIMEN



ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: March 2021 [£ dt = (3.6—139) fo" V5 =8,13 TeV
Model t,y Jetst EI™ [Ldt[fb] Limit Reference
I I | L I I I I I I I | L T I I I I I I | L T I I I I
@ ADD Gkk +g/q Oe 7,y 1-4j]  Yes 139 Mp 11.2TeV n=2 2102.10874
(S ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
£  ADD QBH - 2] - 37.0 M, 89TeV n=6 1703.09127
®  ADD BH multijet - > 3] - 3.6 Mqh 9.55TeV n=6, Mp=3TeV,rotBH 1512.02586
£  RS1Gkk = yy 2y - - 139 | Gk mass 4.5 TeV K/Mp = 0.1 2102.13405
© Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp =1.0 1808.02380
g Bulk RS Gk —» WV — ¢vqq 1eu 2j/1d Yes 139 Gkk mass 2.0 TeV k/Mp, = 1.0 2004.14636
m Bulk RS gkkx — tt 1e,u >1b,>1J/2j Yes  36.1 gkk Mass 3.8 TeV [/m=15% 1804.10823
2UED / RPP le,u >2b,>3j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(ALY - tt) =1 1803.09678
SSM Z7 — (¢ 2eu - - 139 Z’ mass 5.1 TeV 1903.06248
o SSM Z2" - 17 2T - - 36.1 Z’ mass 2.42 TeV 1709.07242
c Leptophobic Z” — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Oe,u >1b,>2J Yes 139 Z’ mass 4.1 TeV N/'m=1.2% 2005.05138
S SSMW’ - ¢y Teu - Yes 139 | W’/ mass 6.0 TeV 1906.05609
® SSM W’ — 1v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
g) HVT W’ - WZ — {vggmodelB 1 e,u 2j/1J Yes 139 W’ mass 4.3 TeV gv=3 2004.14636
© HVT Z’ — ZH model B 0-2e,u 1-2b Yes 139 Z’ mass 3.2 TeV gv =3 ATLAS-CONF-2020-043
Q) HVT W’ — WH model B Oe,u >21b,>2J 139 W’ mass 3.2 TeV gv=3 2007.05293
LRSM Wg — tb multi-channel 36.1 | Wg mass 3.95 TeV 1807.10473
LRSM Wk — uNg 2 u 1J - 80 WR mass 5.0 TeV m(Ng) = 0.5TeV, g = gr 1904.12679
Cl qqqq - 2] - 37.0 A 21.8TeV 1, 1703.09127
- Cl ttqq 2e,u — — 139 A 358TeV 7, 2006.12946
O Cleebs 2e 1b - 139 | A 1.8 TeV g =1 ATLAS-CONF-2021-012
Cl pubs 21 1b - 139 A 2.0 TeV g =1 ATLAS-CONF-2021-012
Cl tttt >1 e,u >1b,>1] VYes 36.1 A 2.57 TeV |Cat| = 4n 1811.02305
Axial-vector med. (Dirac DM) Oe u, 1,y 1-4] Yes 139 Mimed 2.1 TeV g4=0.25, g,=1, m(y)=1 GeV 2102.10874
S Pseudo-scalar med. (Dirac DM) Oe,u, 7,y 1-4] Yes 139 Mmed 376 GeV gq=1, g,=1, m(x)=1 GeV 2102.10874
Q Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 Mmed 3.1 TeV tanp=1, g7=0.8, m(y)=100 GeV ATLAS-CONF-2021-006
Pseudo-scalar med. 2HDM+a Oe,u 2b Yes 139 Mmed 520 GeV tanp=1, g,=1, m(y)=10 GeV ATLAS-CONF-2021-006
Scalar reson. ¢ — ty (DiracDM) O0-1e,u  1b,0-1J Yes 36.1 my 3.4 TeV y=0.4, 1=0.2, m(y)=10 GeV 1812.09743
Scalar LQ 15t gen 2e >2]j Yes 139 LQ mass 1.8 TeV B=1 2006.05872
Scalar LQ 2" gen 2 u >2] Yes 139 LQ mass 1.7 TeV =1 2006.05872
G Scalar LQ 3" gen 17 2b Yes 139 LQ; mass 1.2 TeV B(LQ3 — br) =1 ATLAS-CONF-2021-008
~ Scalar LQ 3" gen Oeu >2j,22b Yes 139 LQY mass 1.24 TeV B(LQ; —» tv) =1 2004.14060
Scalar LQ 3" gen >2e,u,>21t>1j,>1b - 139 LQS mass 1.43 TeV BLQY — tr) =1 2101.11582
Scalar LQ 3" gen Oe,u, 217t 0-2},2b VYes 139 LQS mass 1.26 TeV B(LQY — by) =1 2101.12527
VLQ TT — Ht/Zt/Wb + X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
§~.‘_Q VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
© E VLQ T5/3 T5/3|T5/3 - Wt+ X 2(SS)/>3eu>1b,>1] Yes 36.1 Ts/3 mass 1.64 TeV B(Ts;3 » Wt)=1, c(Ts3Wt)=1 1807.11883
% g_ VLQY - Wb+ X 1eu >1b,>1j Yes 36.1 Y mass 1.85 TeV B(Y — Whb)=1, cg(Wb)=1 1812.07343
VLQ B - Hb+ X 0eu >2b,>1] Yes 79.8 B mass 1.21 TeV singlet, kg= 0.5 ATLAS-CONF-2018-024
VLQ QQ — WqWq e p 24]  Yes 203 [lQmassEeo0Gev 1509.04261
S CéJ Excited quark g* — qg - 2] - 139 q* mass 6.7 TeV only v* and d*, A = m(q*) 1910.08447
Q O Excited quark qg° — qy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
<;> € Excited quark b* — bg - 1b, 1] - 36.1 b* mass 2.6 TeV 1805.09299
n @ Excited lepton ¢* e u —~ - 20.3 = A =3.0TeV 1411.2921
Excited lepton v* e ut - - 20.3 A=16TeV 1411.2921
Type Ill Seesaw 1eu > 2] Yes 139 N® mass 790 GeV 20008.07949
LRSM Majorana v 2u 2] - 36.1 NRr mass 3.2 TeV m(Wg) =4.1TeV, g = gr 1809.11105
S Higgs triplet H** — ¢ 2,3,4 e, u (SS) - - 36.1 £ mass 870 GeV DY production 1710.09748
5 Higgs triplet H** — ¢r 3eut - - 20.3 DY production, B(H* — 1) =1 1411.2921
@) 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 vg=13Tev L1 llI 1 1 1 L1 lll 1 1 1 1 1 1 lll 1 1 1 1
partial data full data 1071 1

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

10 Mass scale [TeV]
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Searches at the energy frontier

* Strong production of supersymmetric
partners: gluinos and squarks !

~ D
m(g) 2 2.3 TeV i
~ 0e88Y == X
m(q) 2 1.8 TeV B Rtong . me
p |

Vs=13 TeV, 36.1 - 139 fb"’ March 2021 q

~ G- qax, 0 lep. [2010.14293] ATLAS Prellmlnary—
- §—> bbY, >3 b-jets [CONF-2018-041]
| G 17, >3 b-jets + >2lep. SS [CONF-2018-041, 1706.03731]
IX3000__9—> GAWE, Oo lep. + 1 lep. [2010.14293, 2101.01629]

g— qﬁWZi{1 >7-12 jets + 1 lep. + >2lep. SS

[2008.06032, 1708.08232, 1909.08457]
G- (v, via U9 2 lep. OS SF + > 3 lep. [1805.11381, 1706.03731
> 11 [1808.06358]
> 1y [1802.03158]

Colours indicate different models
Observed limits at 95% CL
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 Naturalness: TeV-scale stop and sbottom

* Dedicated object performance algorithms &
analysis technigues in compressed regions
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Data 15-18, s = 13 TeV, 139 fb ™
e monojet,?1 — bf' i?
[2102.10874]
S 0Lt -t /T, - bW /T, > bff
[2004.14060]
1L Tt/ T - bWE /T - bif 3]
[2012.03799)
— D 11 - t%?/ ;1 - bW)Z? /?1 - bff’ i?
[2102.01444]

Data 15-16, ¥s = 13 TeV, 36.1 fb
— 71 —>ti?/¥1 - bWi:J /71 — bff' i?
[1709.04183, 1711.11520,
1708.03247, 1711.03301]
ot
[1903.07570]

Data 12,¥s = 8 TeV, 20.3 fb
BT, >t /1, - bW, /T, > bff X
[1506.08616]



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

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

March 2021 Vs =13TeV ATI AS
- _l - -
Model Signature  [Ldt[fb7'] Mass limit Reference
' T T T T T T T LI | T T T T T E X P E R I M E N T
G, G—q%1 Oep ~— 26jets  Ep> 139 1.85 m(¥})<400 GeV 2010.14293
- mono-jet  1-3jets EF™  36.1 g [8x Degen.] 0.9 m(G)-m(¥})=5 GeV 2102.10874
O 3 . : 5 i
£ @ &0 Oepn  26jets EF™ 139 |2 2.3 m(%)=0 GeV 2010.14293
= g Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
% g2, 3—qqWixi Tepu 2-6 jets | 139 |2 2.2 m(¥})<600 GeV 2101.01629
Q 77 3-qqOX) ee, 2jets  EP™ 361 |2 1.2 m(z)-m(¥))=50 GeV 1805.11381
g 3@, 3—qqWZX) Oe,u 7-11jets  EZ™ 139 |2 1.97 mp?‘,’g <600 GeV 2008.06032
3 SSe, 6 jets 139 |2 1.15 %)-m(¥})=200 GeV 1909.08457
S H m(g)-m(¥)=200 Ge
< 3 - s i
= 32, gt 0-1e,u 3b EPS 798 | & 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SS e, u 6 jets 139 |2 1.25 m(z)-m(¥1)=300 GeV 1909.08457
b1b, 0e,u 2b EP™ 139 | b 1.255 m(k)<400 GeV 2101.12527
b, 0.68 10 GeV<Am(b, X))<20 GeV 2101.12527
w = bibi, bi—b¥5 — bhi) Oepu 6b Eg?ss 139 | b, Forbidden 0.23-1.35 Am(¥5,%1)=130 GeV, m(¥})=100 GeV 1908.03122
< .% 2T 2b E7™S 139 by 0.13-0.85 Am(¥5,%1)=130 GeV, m(¥})=0 GeV ATLAS-CONF-2020-031
© .
3= A, i) O-1eu  >1jet EMs 139 |7 1.25 m(t%)=1 GeV 2004.14060,2012.03799
: g_ iy, = Wbt leu  Bjetstb EMS 139 |7 Forbidden ' 0.65 m(¥))=500 GeV 2012.03799
S5 Oh, 1Ty, T —1G 1-27 2jets/t b EF™ 139 | 4 Forbidden 1.4 m(7,)=800 GeV ATLAS-CONF-2021-008
2 L Af, hod) /e eock) 0e,pu 2c BP0 364 |3 0.85 m(7)=0 GeV 1805.01649
e Oep  mono-jet EMSS 439 |7 0.55 m(F,,2)-m(0)=5 GeV 2102.10874
fi1, =, ¥9—z/ht) 1-2e,p 1-4b  EMS 139 |7, 0.067-1.18 m(t2)=500 GeV 2006.05880
hiy, hb—h +Z Se,u 1b EMS 139 | f Forbidden 0.86 m())=360 GeV, m(7; )-m(t})= 40 GeV 2006.05880
XX via Wz 3e.u Eps 139 |G 0.64 m(@%)=0 ATLAS-CONF-2020-015
ee, jit >1jet EM 139 | X[/A 0.205 m(¥i)-m(¥1)=5 GeV 1911.12606
XiXT viaWw 2e,p Emss 439 | ¥ 0.42 m())=0 1908.08215
- XX via Wh 0-1e,pu 2b2y  EMS 139 | ¥/¥; Forbidden 0.74 m(¥})=70 GeV 2004.10894, 1909.09226
=5 VYT via 7y /7 2 e, Emiss 139 | & 1.0 m(Z,7)=0.5(m (¥} )+m(¥})) 1908.08215
W= 7z 7 rt? 27 Emss 439 |7 L, 7r,.L OGS 0.12-0.39 m(@%)=0 1911.06660
bLrlLR, I—E0) 2 e, 0 jets Ei?ss 139 |7 0.7 m(Y)=0 1908.08215
ee, >1ljet EF™ 139 7 0.256 m(f)-m(¥1)=10 GeV 1911.12606
AA, H—>hG/ZG 0e.pu >3b Ei%ss 361 | @ 0.13-0.23 0.29-0.88 BR(T) — hG)=1 1806.04030
4e,p Ojets ~ EMs 139 | & 0.55 BR(Y, — ZG)=1 2103.11684
Direct Y1 X7 prod., long-lived X7 Disapp. trk ~ 1jet  EFS 139 Xi 0.66 Pure Wino ATLAS-CONF-2021-015
8 » X 0.21 Pure higgsino ATLAS-CONF-2021-015
$ g Stable g R-hadron Multiple 36.1 1902.01636,1808.04095
2 5 Metastable § R-hadron, 3—qqt! Multiple 36 m(7%)=100 GeV 1710.04901,1808.04095
S i Displ. lep EPS 139 | & 0.7 (@) =0.1ns 2011.07812
T 0.34 7(£) = 0.1 ns 2011.07812
Y X s ze—eee 3e,u 139 Pure Wino 2011.10543
XX XS — Wwzeeetvy 4e,u Ojets  EF™ 139 1.55 m(¥})=200 GeV 2103.11684
22, 2—q9%1, X1 = qqq 4-5 large-R jets 36.1 1.9 Large A7), 1804.03568
S 7T o) X > ths Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& if, i—bX1,XT — bbs > 4b 139 Forbidden m(¥7)=500 GeV 2010.01015
iy, ij—bs 2jets +2b 36.7 0.61 1710.07171
nty, h—qt 2e,u 2b 36.1 0.4-1.45 BR(f; —be/bu)>20% 1710.05544
1u DV 136 1.6 BR(f;—qu)=100%, cosé,=1 2003.11956
X516 17, ¥\ ,—tbs, X1 —bbs 1-2e,u  26jets 139 | X} 0.2-0.32 Pure higgsino ATLAS-CONF-2021-007
1 [ ] 1 1 1 1 1 1 I 1 1 1 | | 1 1 O
*Only a selection of the available mass limits on new states or 10! 1
dsSs scaile |lie



Searches at the coupling frontier

ATLAS

* Growing dataset provides sensitivity
to weakly-coupled low-mass states

* Challenging for hadronic states due
to trigger limitations
—> alternate approaches w/ ISR jets/photons,

jet substructure, trigger-level analysis
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Y + jets
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Vs =13 TeV, 3.6- 139fb‘

March 2021

trigger

|yT2| < 03 ’,"
| Axial-vector mediator
gx =1.0

Iet trigger :
Y12l < 0.6
| . o b bbb
00 200 1000 2000
m, [GeV]

95% CL upper limits
Observed
-- Expected

—— Boosted dijet + ISR
36.1 b

Phys. Lett. B 788 (2019) 316

— Boosted di-b-jet + ISR

80.5 b
ATLAS-CONF-2018-052

— Resolved dijet + ISR
79.8 & 76.6 fb™
Phys. Lett. B 795 (2019) 56

Resolved di-b-jet + ISR

798 &7
Phys. Le tt B 795 (2019) 56

— Dijet TLA
368293
Phys. Rev. Lett. 121 (2018) 081801

— Dl-b-Jet
243 & 139fb™
Phys. Rev. D 98 (2018) 032016

JHEP 03 (2020) 145
Dijet
139fb™
JHEP 03 (2020) 145

Di(jet angular
370"
Phys. Rev. D 96 (2017) 052004

— it resonance, 1L
36.1 fb'
Eur. Phys. J. C 78 (2018) 565

—— tf resonance, OL
139fb~"
JHEP 10 (2020) 61

o D et + lepton
JHEP 06 (2020) 151

8B

(% gl | | I | | I | I I | | | I I I | | I | I | I I I | | | E_E
bco — ATLAS .
< 10 7z -
E - .
@) 1k =
10 = =
1072 E
1073 2% —— ATLAS Vs =13 TeV (ee 139 fb™ up 139 ") _
& ATLAS Vs =13 TeV (ee 36.1 fb™; un 36.1 fb™') 3
1™ —e— ATLAS Vs =13TeV (ee 3.2, uu3.27)
1074 & —=— ATLAS Vs =8TeV (e 20.3fb™; uu 20.5fo™) __|
= —=— ATLAS Vs=7TeV (ee 4.9fb™; pu 5.0 fb™) =
- —s— ATLAS Vs=7TeV (ee 39 pb™; un 42 pb™') -
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https://arxiv.org/abs/1306.2629

Searches for dark matter ATLAS

q g X EXPERIMENT

* Multiple approaches:
ETmiss + X with X =, y, W/Z, H, t
SUSY searches Ja Ix

e Particularly powerful at low WIMP mass q X
compared with direct detection expts

* Monojet  axiv2102.10874

37 -37 —_— - — )
& 10 g = Dijgpton. 4 10 X ™3 = Dilepton
S ATLAS Pteliminary 3 PLB796(2019) 68 g _3g F ATLAS Preliminary PLB 796 (2019) 68 | . . . . .
S. 1079 L5 - 13 Te, March 202 1o 210 = Do - high level of precision required in W/Z+jets
C E Dijet; JHEP 03 (202 & Dijet; JHEP 03 (2020) 145
o Diet LA PRL 121 @ 1 0"39 Dijet TLA; PRL 121 (2018) 081801 . ( Q )
= 1039 N o
= 10 | =5 recoms S L bkg modeling (NNLO QCD and NLO EW
(- 40 JHEP 03 (2020) 145 C JHEP 03 (2020) 145
5 10° WL = — EMS4X = _41 — E7®+X ( — — )
8 f E¢;+y; arXiv:2011. \:7) 1 O = EQ“:SW; arXiv:2011.05259 an d | e pto n I D W > IV an d Z > I C RS
b 10_41 =0 N ET4jet; arxivi2102 D) 10- 49 ET+jet; arXiv:2102.10874 - - - - - |
* — XENON1T = — XENON1T . . | | .
4 PRL 122 (2019) 141 10_43 B - PRL 121 (2018) 111302 % ATLAS ¢ Data
10 . — LUX = 3 — PandaX O] Vs =13 TeV, 139 b SO Standard Model w. unc.
ET*+X PRL 118 (2017) 251 44 [ 1 PRL117 (2016) 121303 — : : B 2> wv) +jets
107 - 10 - — DarkSide-50 2 Slg.nal Region VBF Z(— I/ vv) + jets
-45 [ PRL 121 (2018) 081307 qC) P (]) > 150 GeV T W(— Iv) +jets
10 e = S T .
107 - 31— XENON1T MIGD L] VBF W Iv) +jets

Dilepton 1 0—46 | PRLI123(2019) 241803 tf + single top
. » = 3 Diboson
1 0—45 Axial- ator, Dirac DM - Vector mediator, Dirac DM 3 MI et + NGB
=0.1,9 =0.1,g =1 -|0—47Eg =0.1,9 =0.01,g =1 - 1 ultijet +
-4 ! X . o E Td i " S E == mt, %) = (600, 580) GeV
- ATLAS limits at 95% CL, direct detection limits at 90% CL ~ ATLAS limits at 95% CL, direct detection limits at 90% CL ] ’ ’
e e T 10-48 -Ao 1IMIs at 997 LL, direct aetection imits at 97 LL = = = m(x, Z,) = (1, 2000) GeV

1 10 102 103 1 10 102 103 ==== DE, M, =1486 GeV
m, [GeV] m, [GeV]

* More complete models considered
beyond simplified models
e.g. 2HDM+a —> broader phenomenology

1 ] | 1 1 ] ] 1 3
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ATLAS

EXPERIMENT

jet pT =1.9 TeV
ETmiss = 1.9 eV

Run: 302393
Event: 738941529
2016-06-20 07:26:47 CEST



Searches for long-lived particles ATLAS

EXPERIMENT

* Multiple unconventional signatures requiring y disappearing or
: : . displaced kinked tracks
dedicated triggers and/or reconstruction muititracigertices — -,
A "' o e ?:onr;sg rl'tn;I(;‘)gphotons
* Explored lifetimes: ct range 1 mm to >100 m =>

emerging jets

e Example: Higgs exotic decays to LLP displaced leptons, /

lepton-jets, or
- ggH or VH with H —> aa /
- displaced jet (in Calo) or vix (in ID or MS) N trackins

lepton pairs
arXiv:2102.10874 . low-EMF jets

ATLAS-CONF-2021-005

< % F ., T qﬁasms;tjablcit il
S e L , L charged particles
0 1§ ®:.... o = multitrack vertices in the e Q

- p T m muon spectrometer
T :
m 1 O_ g_ : \ _§
(= - : o AR _
o) - : ATLAS Preliminary "' -
e : \ v
I= 10—25_ s=13TeV VT E
= = i om,=125GeV RN 2
o _3 - m, =15 GeV A A )
2 107 | -35Gev = p f
S = i —— m, =55GeV CR*‘L"“;“";:& . 3 :

CaQ: a = - =
32 10_45_85 Prompt ---m, =8GeV — /—/ ’$$$ f
LO Ee --®- m, =20 GeV m, = 15 GeV = __G:
© "0 ..e-m,=30GeV -~ -m, =25GeV - S~ f

5| i ..@-m,=60GeV ---m, =40 GeV | =
107 & | | | | | | | - a

10* 10° 102 10" 1 10 10> 10° p f
Mean proper lifetime ct_ [m]

14


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-61/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-005/

Higgs

* Run 2 confirms 125 GeV Higgs boson consistent with SM

e All major production mechanisms observed

* Couplings to 3rd gen. fermions (T, b, t) firmly established,
20 excess for H —> pyu

e Coupling modifier Ax/k = 6% for W, Zand 15% for T

m
V
Kvv
—

m
F
Fv Of

K Of \Ky
~

ATLAS Preliminary
Vs =13 TeV,24.5- 139 fb™" z.
m,=125.09GeV, ly, | <25 p  =84% &
W

SM Higgs boson

IIIIII

|, Illll I IIIIIII| I IIlIlII| | IIIIIII| | lIIlIII+‘

e m,(m,) used for quarks
o ATLAS-CONF-2020-027 :
- -
35 S— I — .
107 1 10 10°

Particle mass [GeV]

ATLAS Preliminary

(s=13TeV, 245-139fp" 087 CL
my = 125.09 GeV, [yHl <2.5 95% CL—

—*—

—*I—

—*:— —*:—
—*:— —*E—
—E*— —E*—
B,=B,=0
pSM = 92%
| | | | |
0.8 1 1.2 0 0.5 1

t/b A

ATLAS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/

Higgs XS measurements e H —> yy

ATLAS-CONFE-2020-026

* Precise cross-section measurements: inclusive, ATLAS Proliminary  feiTotal  IStat. = Syst. I SM

Vs=13TeV, 139 fb™

differential, production mechanisms H7y, m, - 125.09 GeV

HoJO<p"10 +0.31 +0.18
99-HB0 <Py 76 539 (£0.26, 45)

Hodp"> 10 +0.20 +0.13
9g-H NPy > 019 *0.15, 541)

+0.95
-0.83

+0.73

+0.91 +0.25

gg—Hgg 2260 <m <120
w 0.80° -0.24)

+0.62 +0.38

—Hgg >2J 350 <m < 700, 0 < p! <200
94—+ <M< Pr < 065 (0560 -032)
+0.28 +0.21

- some regions w/ enhanced BSM sensitivity w 3 (202 92

1046  +0.41 +0.20
040 (036" -0.17)

e Kj iIc distributi id f QCD o O oo, T8
inematic distributions provide test of QCD, i a8
n n n " SH 1 oM< . +0. +0. ,T0.11
production mechanisms, spin-parity, BSM effects e
H2200<m,, <350,0 <py <60 f——Emm—r 40 421 (4150 038
9g—>H 2200 <my;<350,60 <pf <120  |—fE—ry 28 +0.59 (I)o_fg, fg'g)
. R . . 9g—H >2J 0 < my; <350, 120 < p! < 200 == ) fg:’f (+ 0.45, fé)_'1147)
* Simplified template cross sections (STXS): 25 08 (om0
—H 200 < p" < 300 +d.40 +d.38 +6.13
99 Py 037 (-036° -0.09)
. . : : . G9-2H 300 < ' < 450 20 Y50 Coser ‘000)
- XS measurements in distinct kinematic (pT(H), mjj) s s o
" " . ag-Haa < 1J jL11.'025? (:1.825’ Tg';; )
and topological (Njets) regions Y% o om
: (
(
(

qg—Haq22J m > 350, p;* >200

qq—HIv 0 <p¥ <150 +0.71 (+ 0.67 +0.22)
t . i +0.67,
- . 0.70 0.19
exaimpie. —> VY ot 15 64 T8 (1114 1019
S T S . ' HIlO < p:/ <150 i +é).:79 +(§)§)56 +00é2()6)
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‘ 093 (091 -0.19)

ttH 0 < p: <60 +0.83  +0.80 +0.21

068 -0.17)
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-0.70

ttH 60 < p!' < 120 +0.54

 Broad use of MVA/ML techniques o 18
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Higgs properties ATLAS
e Mass mgz* = 124.92 + ().19(stat)+0°09(syst) GeV

ATLAS-CONF-2020-005

_0'06 > R R R R L AL LN R
G 90L ATLAS Preliminary ¢ Data E
» CP structure tested in Higgs couplings to bosons & fermions - #.H-2zz -4 W oones
% 70 S = eV, 1 g B
¢
e ttHW/ H —> Y, arXiv:2004.04545 501 + E
40 | —
- test of top Yukawa coupling b | E
\/Emt - . 205‘ | + :
L =~ i (cos(@) +isin(@)ys) ¥ H o gttt S ;
| RS
0L o b b b b b v b v L
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= ing strength «xt (=1 In SM T T BERESRRREERARESF m,, [Ge
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05— —
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- CP odd scenario (@ = 90 deg.) 05 e
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Rare Higgs processes ATLAS

EXPERIMENT

* Rare decays: Sensitive to BSM N
- first evidence for H —> [+[-y Dalitz decay  axi:2103.10322
» m(e+e- or y+u-) < 30 GeV, requires dedicated ID for merged di-electron showers === ! .
» significance: 3.2 s obs 2.1 cexp) M =1.5+0.5=1.5+0.5 (stat.) tgzl (syst.)
» Di-Higgs production —> Higgs self-coupling N )
- access to Higgs potential, sensitive to BSM g ZZ_ """" Sigmw """" _
- HH —> bbyy 7 asssasassasss- L 2 came T
. ATLAS.CONE 2071016 \ 3 s
= A ST P 0
Sl Mmoo " .;
#osimen L opylogy < 4.1 (exp 5.5)% o i
2; """""""""""""""""""""" S {  self-coupling modifier «;, Z g
) Ebptjf[[;ff;]] ’IHH/’IS € [-1.5,6.7] 8 1210115120125130135140145150155160
10—11_(')"—18”'—|6"'—|4“'—|2”'(I)"'é"léll"lé”'é"ﬁ_O (exp [=2.4,7.71) " [Gj\g

Ko * factor of 5 improvement over 36 fbo-1 analysis
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Vector boson scattering ' __Lz\wwz ATLAS

| EXPERIMENT
* Key test of EW symmetry —> W  H
vector boson self-interactions w z Z z
+ test of EWSB (Unitarity!) " " q ¢ "JfMMM q

e All VVjj processes observed - ) \@w .

- extract EW contribution (order o6 incl. decay)
—> access cubic and quartic couplings W

Z Z
- suppress QCD (order a* a?s incl. decay) . . W

—> challenging modeling (scale uncertainty)

arXiv:1812.09/740 arXiv:1906.03203 arXiv:2004.10612
>’ - _ . o) 22 [ e _
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Vector boson fusion ATLAS

arXiv:2006.15458 EXPERIMENT

H u | | 4
e Zjj analysis . I order a
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- precise measurement to m; [GeV]
dIStlngUISh btw different > [ ATLAS |  (5=13TeV, 139 10" q (c) 7 9 (d) T
. O [ ~1LEW Zj — lljj N2P -0, &,<0.5 (EW SR) | 2 9
1071k jets Z : Y
predICtIOnS g 5 X R ¢ Data, stat. unc. 3 O der a= a%s
E:: A | - o) | Total unc.
- sensitive to BSM 5107 L e ‘
: . o | o
—> EFT interpretation © 100k —— :
Wilson  Includes 95% confidence interval [TeV=2] p-value (SM) 4 _|£| ﬁ::\:gi\z/;mo g2 _
coefficient | Mgs|? Expected Observed 10 " [0 PowHec+PY8 - f :
cw [ A2 no  [-0.30, 0.30] [-0.19, 0.41] 45.9% s of | :
yes  [-0.31, 0.29] [-0.19, 0.41] 43.2% T 15 o )
o /N2 no  [=0.12, 0.12] [=0.11, 0.14] 82.0% o - g & s 5
yes  [-0.12, 0.12]  [0.11, 0.14] 81.8% e * A‘I' R | ¢
caws/AZ  no  [-2.45,245] [-3.78, 1.13] 29.0% 2 0.9 . . . L
~ _yes  [-311,210]  [-631, 101] 25.0% £ 108 2x10° 3x10°  4x10° 7x10°
CHWB/A no [—1.06, 106] [0.23, 2.34] 1.7% m [Gev
yes  [-1.06, 1.06]  [0.23, 2.35] 1.6% ! ' 2



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-27/

Photon collisions ATLAS

EXPERIMENT
o Ultra-peripheral PbPb collisions: intense EM fields

—> first observation of light-by-light scattering yy —> yy P2

* Two-photon interactions in pp collisions: ax2010.04019
study of EW gauge structure in pure EW process (no QCD contribution!)

-pp —>pB (yy —> W+W-) p®), with W —>evand W —> pv

- sighal: absence of fragmentation products at pp vtx ) -
1
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Perturbative QCD tests / Modeling of SM processes

* Precise cross section measurements for (di)jets, y/ W/ Z / top + jets, etc.

* Confront model predictions with higher order

QCD and EW corrections against data

e Sensitivity to parton distribution functions

* Improving understanding of SM processes also crucial for
many searches
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EXPERIMENT

arXiv:1912.02844
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Top quark production ATLAS

EXPERIMENT
* Heaviest known particle: mass m: ~172 GeV, Yukawa coupling y: ~ 1; no hadronization

* Inclusive tt and single-t cross sections in good agreement w/ NNLO+NNLL predictions

* tt: l+jets measurement o)’ =830+ 0.4 (stat) £ 36 (syst) = 14 (lumi) pb 139 fb-' @13 TeV
4.5% syst. unc. from modeling and JES
ey measurement 0;_” = 826.4 £ 3.6 (stat) = 11.5 (syst) £ 15.7 (Jlumi) pb 36 fb-' @13 TeV
2.4% syst. unc. from luminosity
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Top as a W factory: B(W — ww)/B(W — uv) ATLAS

EXPERIMENT

e Large sample of 1t events —> abundant source of W-pair production
arxiv:2007.14040

e Tag: t = bW — blv triggeron Z = eor e T ST
g 106? /s =13 TeV, 139 fb’ Prompt u (top) _§

| ' ~  .@ Signal Regi -

e Probe: t — bW, with either W — Uv 2 10°f e'_9£a20<?3£2r\50 . I;(?a%fg%p;ecay) :
: > 4+ | Post-Fit L1Z - 1t ]

or W — v with 7 — 1202% - 10 o I Other SM processes =

10° 77 Uncertainty _;

* Muon impact parameter and pT1 distributions discriminate . -
btw two W decay modes :

* Improved test of lepton flavor universality at 1% level S o
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Top quark (rare) production ATLAS

EXPERIMENT

 Measurement of t(t)+ y/ W / Z production | * Measurement of /tf production
to test top-quark em / weak interaction —> sensitive to top Yukawa & BSM

- significance: 4.3 o obs (2.4 ¢ exp) ¢

e ttZ example
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Top quark properties ATLAS

EXPERIMENT

" > S O B B B
* Top mass: fundamental property, important * Top width:  saaunl 4TS ST s —ssor
(.0 C . e — 1. e =
n u E 30000 o —3.00GeV —4.00GeV
for internal consistency tests of SM —> sensitive to BSM ¢ -
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B physics ATLAS

EXPERIMENT

* Cross sections for J/psi production

il B(S) — U U
e CP violation and rare b —> s transition measurements S 5 A — e
(relevant to lepton flavor universality): loop processes tY Y v
sensitive to BSM B B
- CPV in BS —> J/l//¢ arXiv:2001.07115 S \Mﬂ
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Looking ahead at Run 3

ATLAS

EXPERIMENT
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Considerations for Run 3 physics ATLAS

EXPERIMENT

* At end of Run 3, the integrated luminosity for combined Runs 2 & 3 ~300-360 fb-1
l.e. factor of 2.0-2.5 increase over Run 2

* Improvements expected on multiple fronts:
- trigger (open up new phase space or channels)
- combined performance
- analysis techniques / tools (e.g. ML, event generators)

- new physics processes/channels or observables, expanded scope
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What’s new for ATLAS in Run 37? ATLAS

EXPERIMENT
 Center of mass energy

- magnet training in 2021: hope for higher /s, up to 14 TeV

* Trigger & detector system improvements

- L1Calo, L1Muon & NSW, and L1Topo ]

i« increased pileup |
i+ early commissioning}

- Increased availability of full-scan tracking
- AFP with time-of-flight
* Further development of targeted trigger approaches
- trigger-level analysis
- delayed stream

- unconventional signatures
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Summary / Outlook ATLAS

EXPERIMENT
* Run 2 dataset: a goldmine for physics... to be extended with Run 3

- years of fruitful searches (more targeted) and measurements ahead
- precision frontier to continue growing in importance (—> EFT fits)

- further studies of rare processes

 Continue preparations for HL-LHC and 3-4 ab-1 @14 TeV

All ATLAS results available at
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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