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Introduction: LHC Physics Programme

Proton-proton programme:

l. Mass and electroweak symmetry breaking
e Precision measurements of the Higgs Boson properties
(after the discovery in 2012)
Il. Electroweak unification and strong interactions
e Precision measurements (miop, Mw) and tests of the
Standard Model
e Tests of perturbative QCD at the high-energy frontier
Ill. Hierarchy in the TeV domain
e Search for new phenomena moderating the hierarchy
problem
e Search for the unexpected at the high-energy frontier
IV. Flavour
¢ B-/D-mixing, rare decays and CP violation as tests of
the Standard Model

Heavy ion programme:
= Study quark-gluon plasma in Pb-Pb collisions at

> TeV per colliding nucleon Perer Miggs vieing CERN n 2008
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... we are producing events like this:
q(’)

’ W/Z

Run: 280862
Event: 53564866
2015-10~-02 16:249:44 CEST

~— 0
. o - T

Display of VBF H = eepu + 2 jets candidate from 13 TeV pp collisions recorded in 2015.
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... and this: Run: 329716

Event: 857582452

2017-07-14 10:48:51 CEST

b -~ ."A
Display of di-jet event with mjj=9.3 TeV, produced in pp collisions at v/s = 13 TeV in 2017.
The two high-pT jets both have pT=2.9 TeV, one is at n=-1.2 and the other at n=0.9. 5
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ATLAS Run-2 (2015-2018) Datasets

- ATLAS
— Preliminary
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®Run-2 Integrated pp luminosity

= Excellent data taking vs%) and data quality (95%)
efficiency
= 139 fb1 (1) of good pp data at /s = 13 TeV

= L uminosity measured to a precision of 1.7%
ATLAS-CONF-2019-021

= Excellent reconstruction performance based
on precise detector calibrations

Vs =13 TeV

—
N
o

- . Delivered: 156 fb”
-~ [JLHC Delivered Recorded: 147 fb”
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- [ ]ATLAS Recorded "Mvsios: 1391
:_ D Good for Physics
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®LHC is a versatile machine oy e e T T e e

= Dedicated setups with different beam energies Month in Year
and optics for diffractive physics 600
= | ow-u data for precision W physics

III|IIII|IIII|IIII|IIII|IIII|IIII|III-I—

ATLAS Online, 13 TeV det=146.9 fb!

200 2015: <y>=13.4
= Collected 2.3 nb-" of 5 TeV Pb-Pb data, T 2016:<u>=25.1 ]
] 2017: =37.8 _|
and p-Pb & Xe-Xe data 00 58 T 201840361
300 @g‘ [ Total: <u>=33.7 ]

N

®Rich harvest of physics results 200
based on (full) Run-2 datasets 100

presented at summer conferences... | 1°
0 10 20 30 40 50 60 70 80
A Markus Elsing Mean Number of Interactions per Crossing 7
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Standard Model Production Cross Sections

® 5o far, all measured total cross sections agree with theory

= Production cross sections span 14 orders of magnitude
= Also thanks to huge progress on theoretical calculations (NNLO revolution)

Standard Model Production Cross Section Measurements Status: July 2019
g 101 &y ATLAS Preliminary
— - - Theory
5 o Run 2 /s =5,13 TeV
10° LHC pp V5 =5 TeV
; o= BBl Data 00250 ;
10° £ 3
LHC pp Vs = 13 TeV
10* £ o B Data 32- 798! 4
C T v 3
103 E 0 O E
E Ji#ﬁ t-chan E
2 _H_ —ﬂ:h— total ]
107 ¢ e arw B PN =N 3
: ™ o goF :
101 E n23 = -
3 . » E
B nz4 H—bb . ‘/E}
1 E -": o il o 4 > 40 ev!dence for
T “ = weak tri-boson
10_ J = H-ww .
3 - = - ] production by ATLAS
102F - o using 2015-2017 data
i — = arXiv:1903.10415
&
Jets Dijets w V4 Y tt t WW WZ ZZ H ttW ttZ ttH tty Zjj VVijj
WWW EWK EWK
tot. tot. tot. tot. tot. tot. tot. tot. tot.
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Precision Top Cross Section Measurements

ATLAS Preliminary
eu + b-tagged jets
Vs=13TeV, 36.1 fb"
Vs =8TeV, 20.2 b’
— Vs=7TeV,46fb"

—
o
w

Measure tt cross section
= Final state: ey and >= 1 b-tagged jet
= Total: 2.4% uncert.

o = 8264+3.6x+x11.5+£15.7+£1.9pb

= NNLO+NNLL prediction: 832 + 357 pb -
I i I i Czakon, Fiedler, Mitov, PRL
= Also hducial and differential cross section 2 e o s
provided L S

Inclusive tf cross-section ¢ [pb]

=== NNLO+NNLL (pp)

ATLAS_CONF_2019_014 (é') 110;5_ ﬁ NNPDFI2.3 [eww] MISTW ) CT10 {11111 QCD scales only

= Re-interpretation of o7 yields: S TR
()]e 6 7 8 9 10 11 12 13 - \/1]4

mP™¢ = 173.1*31 GeV i

/A 2.1 o) 7 B WL NLELILDS BE LA NLNLECS NN BLRCELS NLOEJE N NLELELE P

= 11001 ATLAS Preliminary —

v « \s=13TeV,36.1f0"

= Compare to 172.69 + 0.25 + 0.41 GeV & 10001 e
from ATLAS direct measurements % 00 =

g -

|§800:_++++++++++ +++++++E

% - ]

2 700 =

= [ == CT14 NNLO+NNLL ]

600~  Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 -

|

1 1 I 1 1 1 I 1 1 1 I 1 1 1 I Il 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1
164 166 168 170 172 174 176 178 180 182
m’° [GeV]
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Observation of light-by-light
scattering in 5.02 TeV
ultraperipheral Pb-Pb collisions P

[ arXiv:1904.03536 ] \Q(T/

Pb p,P
,y <
Field strength of up to 1025 V/m Y ,
y -
Pb p,P

Events / 0.005

b

YY luminosity ~ Z4 ~ 5107 /di\
Look for low-energy back-to-back

photons pairs with no additional activity =~ P

in detector

b

59 yy — yy events observed for P
12 + 3 expected background (8.2 o) Oe
2018 Pb-Pb —

CE/RW
\
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ATLAS
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—e— Data 2018, 1.7 nb™
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Higgs Boson Physics

® Access to a new sector of SM Lagrangian:

= Only elementary scalar particle in the SM

= Yukawa couplings (new types of interaction)
= Gauge-scalar boson interactions

= Higgs potential (incl. self coupling)

®Large sample of ~8M Higgs bosons produced
= Allows to do precise test of SM predictions

http://www.shardcore.org/shardpress

Channel Produced Selected Mass resolution
. 18,200 6,440 1-2%
H — 77* 210,000 210 1-2% H(125)
H—> WW* | 1,680,000 (—2£2v) 5880 20% ngf/ 023% oqu, Predicted
H 490,000 2 380 15% 7 - oEmdiling

— 1T : : % .

e fractions

H - bb 4,480,000 0,240 10%

® Major progress over recent ~year

= Observation of H—=bb decay and of ttH and VH production
= All major Higgs production and decay modes now observed

= Detailed studies of cross sections, search for H—=pu etc,,

anomalous Higgs couplings and more
A Markus Elsing

uncertainties 3-12%




Higgs Boson: Now and Then Full Run-2

> F— 71T - 1 - - - T T T T T T T T
> oo o e e () — ATLAS Preliminar ¢ Data ]
50000 y
S 35000 ATLAS ¢+ Daa o - Vs=13TeV, 139 fb" —  Fit .
(qV} - . . |
% 3000F- —— Sig+Bkg it (m 21265 GeV) £ 40000, e Background
‘qc')' . Bkg (4th order polynomial) L?>j — ] 5
2 2500 30000 - -
2000F- T - 1 5
1500 20000 = 8
1000F- {s=7 TeV, J.Ld'[=4.8fb‘1 10000:_ - Z
- - H , =125.09 GeV ]
500~ V=8 TeV, [Ldt=5.9fb" H-yy 1 B 3
E '8 T T E
2 3 S
; : =
z it
L , , , , , k1
100 110 120 130 140 150 160 a 110 120 130 140 150 160
July2012 " July2019 "
% _l.lDal‘tal T T | T T T T | T T T I_ % :||||||||||||||||||||||||||||||||||||||||||||_
ol \ ATLAS g O .o ATLAS Preliminary H-zz*>4 -
10 25 Bl Background zz Ho770 a1 To) -y 13TeV, 139" 1
% B - Background Z+jets, tt . % 120 L Z ® Data -
r . 1 i __ Higgs (125 GeV) |
1%9 oof [ Sianal (m =125 GeV) E = - e ] E
L . o . tXX, VVV -1
" 7 Syst.Unc. ] L1>J 100 - B 2ot § - a
: ‘ J_ P : L i 7 Uncertainty . (u_)
15__vs =7TeV:|Ldt=4.8 b - 80 :_ /7 _: %
(s =8TeV:|Ldt=5.8 b ! ] : 1 5
L - . 60 — 1 W
i ] B {1 ©
r — 40 __ —_ IS
51 ; ; |
- 20 — i
ot o S e
100 150 200 250 80 90 100 110 120 130 140 150 160 170

m,, [GeV] Markus Elsing m, [GeV] 12



Higgs Boson: Now and Then Full Run-2

s P 2 sooool ATLAS Profminayy 4 D 3
3 3500 ATLAS ¢ Data = © >0000¢ Vs=13TeV, 139 fb" — Fit ]
% 3000E- —— Sig+Bkg Fit (m=1265GeV) 3 % oo e Background -
‘g E N, e Bkg (4th order polynomial) = b - ] a
& P E 30000 = =
2000 TR — — ]
1500 3 20000F = (‘g
S - = 4 O
1000 1s=7 TeV, [Ldt=4.8fb" : 10000 s Z
500F- 1s=8 TeV, [Ldt=5.91b" H—yy = - HT)” M = |12|5'99|G?V| ] :'1)
o E T 2 1500 ' ' S
& o 1000 g
,"I’_. ¢ ¢ ¢ ¢ X 500 !
§ ¢ v P f§ 0 Ne)
- - - - - - & -500
100 110 120 130 140 150 160 a 110 120 130 140 150 160
my, [GeV] m,, [GeV]
July 2012 July 2019
> _I T | T T T T | T T T T | T T T T | T T T T | T T T T ]
Q -~ ¢ Data ATLAS Preliminary ]
O 30 1 —
. o) R Continuum Background Vs =13 TeV, 139 fb .
4.90 O bservath n Of CIY\) | ==-=-=- Total Background m, = 125.09 GeV ]
: 25: —— Signal + Background All categories 7]
H —}Yv IN rare ttH % 20F- In(1+S/B) weighted sum B
- s | z
prOdUCtIOn Channel % 15 * } tt(H_va) —
. . o — il
(only ~1% of total Higgs cross section) £ 10 * E
w _

ATLAS-CONF-2019-004 ' Full Run-2

= \\as 6.30 in combined multi-

channel analysis in 2018 SREET) 120 130 140 150 160
Markus Elsing m,, [GeV] 13




Higgs Boson Decay to Muons (and Electrons)

300

. . > — . —
H—pu is challenging at LHC § b masheimy  aDum
= Small coupling in SM and large backgrounds ¢ = 0014578 weighted T BgPDF -
= Exploit expected event features in & - .

) ) ) B 150 H-— MU =

multi-variant analysis £ L C E

= Expected sensitivity: 1.50, observed: 0.80 2 O§ s

90— —

o(obs)/o(SM) =0.5+0.7 <1.7 at 95% CL | - .

ATLAS-CONF-2019-028 Si,g 1
Full Run-2 § (:
110 115 120 125 130 135 140 145 150 155 160

m., [GeV]
> 100>_<._1.0.3 ............................................ —
& - ATLAS Preliminary Vs=13TeV, 139" ]
Search for H—ee (1st generation) £ *% o i
= No sensitivity to SM couplings at LHC 60 oo -
= No excess observed, limit on branching ratio: 40:_ Horee -
3.6 x104 (3.5 x104 exp.) ool -
ATLAS-CONF-2019- ' g
TLAS-CONF-2019-037 oL A IIIIIIIIIIIIIIIIIIIIIIIII "q
FU”RUH-Z _ 5001"+"'""'""'""'+"""""'""""""""'_:
: Oiwﬂﬂ+++++++++++**+++++++++++++**+++++*+¢
a - + ++ .
A -500 —

Markus Elsing 110 11|5 1é0 12|5 1(|30 1C|35 14|fO 14|15 1|50 15|5 160 14
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Combination of Higgs Results

= Kappa Framework assigns coupling modifiers

1.5

0.5

to each interaction vertex (LO motivated)

o(i > H — f) =

Resolve loops, assume no BSM contribution in loops or total width

= Kv = Kw=Kz VS Kfr=Kt=Kp=Kr=Ky

| ATLAS Preliminary + Best fit
- Vs=13TeV, 36.1-79.8b"" —68% CL
- m, =125.09 GeV, ly 1<2.5 95% CL

* SM

— Combined — H—yy

—H-ZZ H—-WW

H—bb — H—1t71

A
b}
§~ 1
[ S
]
]
]
L]
|||||||||||II|IIII|IIII

K OF Ky

III|IIII|IIII|IIII|
/\ .
"IN
I} ~.
-~
[y

O 02 04 06 08 1 12 14 16 1.8 2

il

Ky

Markus Elsing

or Yyt

mg
K'FT

107

10

10°

107

0.8

k20 SM Rply
g, SM
k1Y

FSM

= |inear version ofthe plot

ATLAS Prelummary
Vs=13TeV,245-139 b

mH = 12509 GeV
.......... SM Higgs boson
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Events /0.125

Higgs Boson and Electroweak Section

Higgs boson regularises the weak boson scattering cross section at high energies

® Observation of vector boson scattering in rare channel ZZjj

q q q q q q

q q q q q

Z ;LL\'W\N\/\/Z Z
W/Z 5 W
..... 'H
W/Z & < JJJJ\/VWW W
Z A Z A
q

q q
%% A

w
14 A

q

= Analysis exploits decays to four charged leptons (£££2 ) and (£2vv)
= Multivariate analysis to separate EW signal from backgrounds (e.g. QCD ZZ)

22_III|IIIIII|III|III|III|III|III|III|III_ E _III|III|III|III|III|III|III|III|III|III

- ¢ Data B ZZ(EW) i D 35 ATLAS Preliminary @ 8?r’:a -ggg\gg})

2 B = al | ers

B MZz(QCD) [MggzZ € [ Is=13TeV, 189" 27" o NonRes
18l M Others 77 Uncertainty 5 - CCvv)f Em99ZZ Uncertainty

- 7 } Signal Region ]
16l ATLAS Prellmlnary_1 ] N y/

- ¢ Vs =13 TeV, 139 fb N o5l . 7
14f CECEj | .

g Signal Region C
12 20— ]
ol %

15

8

10F
5

2

0—1 -0.8 -06 -04-02 0 02 04 06 08 1 0—1 -0.8 -06 -04-02 0 02 04 06 08 1

BDT Output BDT Output

= Observed (expected)
significance for EW
production: 5.50 (4.30)

ond(EW) =0.82 £ 0.21 fb
SM:0.61 +0.03 fb

ATLAS also observed vector
boson scattering at:

¢ 6.90 in WW channel

e 5.30in WZ channel

in agreement with SM
arXiv:1906.03203, arXiv:1812.09740

ATLAS-CONF-2019-033

| Full Run-2
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looking under the (many) lampposts

Searching for Physics beyond the SM at the LHC




Searches for New Physics

® ATLAS running a vast programme that cover all areas:

= High mass, electroweak production, long-lived particles, forbidden decays, ...
= Theory-agnostic signature based searches, as well as highly targeted model-
dependent ones

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

Status: May 2019 JLdt=(3.2-139) b Vs =8,13TeV
. Iirdy .
m.s SUSV SOII‘CM - m CL LW L'm ‘ms Pfe Y Model L, vy Jetst E?'ss f[ dt[fb™!] Limit Reference
Ay 2019 v T T — T T T — T T T T —
Moade! M feam™y Mass bt Salnrence ADD Gkk + g/q Oeu 1-4j Yes 36.1 Mp 7.7 TeV n=2 1711.03301
v ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
! bep npn ¢ "w o ADD QBH - 2j - 37.0 | Mu 89TeV n=6 1703.09127
——— A 1_'" " WAL ADD BH high 3, p1 >lep >2j - 3.2 My, 8.2 TeV n=6, Mp = 3TeV, rot BH 1606.02265
& )t fer e 5 ' b " T ADD BH multijet - >3] - 36 | M 9.55TeV n=6,Mp=3TeV,rot BH 1512.02586
' - weas Niew RS1 Gk — vy 2y - - 36.7 | Gk mass 4.1TeV k(M = 0.1 1707.04147
[Pap— Inw . v ™ — Bulk RS Gkx — WW/ZZ multi-channel 36.1 | Gk mass 2.3 TeV k/Mps = 1.0 1808.02380
- dp ™ 13 " Bulk RS Gkx — WW — qqqq Oe,u 2J - 139 Gyk mass 1.6 TeV k/Mp; = 1.0 ATLAS-CONF-2019-003
» . Ivpe - . Bulk RS gkkx — tt 1eu 21b,>1J2) Yes 36.1 gkk mass 3.8 TeV r/m=15% 1804.10823
DR L ’ ] " ' " : / .
Mes ' " - = Kwy ] 2UED/RPP lepu 22b23j] Yes 361 [Kkmass 1.8 TeV Tier (1,1), BAMY) - tr) =1 1803.09678
- Clow e [y ' - — A e SSM Z/ — € 2eu - - 139 |2/ mass 5.1TeV 1903.06248
Sep O u - ogafpamios MAMARS S SSMZ' > 11 27 - ~ 361 |Z'mass 2.42TeV 1709.07242
P s T ") " Leptophobic Z* — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
(W ey n . -~ - B e ! !
. v -y | - e adlpamion Sl s ("o Leptophobic Z' — tt Teu >1b>102 Yes 361 |2 mass 3.0TeV r/m=1% 1804.10823
. W .- e ot v ) - — L | SSM W’ — ¢v Tepn - Yes 139 | Wrmass 6.0 TeV CERN-EP-2019-100
. - 5 Vope SSM W’ — 1v 1r - Yes 36.1 W’ mass 3.7 TeV 1801.06992
o o " :: nam B et A4 HVT V' — WZ - qqqq model B O e, it 24 - 139 |V mass 3.6 TeV av=3 ATLAS-CONF-2019-003
v . . HVT V' — WH/ZH model B multi-channel 36.1 V' mass 2.93 TeV gv=3 1712.06518
*0is SEEne el . TROBI. (PN WU LRSM W — tb multi-channel 36.1 | W mass 3.25TeV 1807.10473
Lo e ol am AL S 4 LRSM W — uNg 24 19 - 80 | We mass 5.0 TeV m(Ng) = 05TeV, g1 = gr 1904.12679
IERALT R ol 1 . . .
LT e "N “. - Cl gqqq - 2j - 37.0 A 21.8TeV i, 1703.09127
.\ . -, Cl ttqq 2ep - - 36.1 A 40.0 TeV 1, 1707.02424
Bep e o N il 1o ame Cl tttt >leu 21b>1] Yes 361 |A 257 TeV |Cael = 4 1811.02305
e " Lo A L tDam A ] Axial-vector mediator (Dirac DM) O e, u 1-4] Yes 361 Mined 1.55 TeV. 84=0.25, g,=1.0, m(x) = 1 GeV 1711.03301
Ine . . \ — Y L Colored scalar mediator (Dirac DM) 0 e, 1-4j Yes 36.1 Mined 1.67 TeV £=1.0, m(y) = 1 GeV 1711.03301
e ™ e s pr——— VVyx EFT (Dirac DM) Oeu 14=1j Yes 32 M. 700 GeV m(y) < 150 GeV 1608.02372
v T el (™ - LI 2000 04 Scalar reson. ¢ — ty (DiracDM) ~ O-1eu 1b,0-1J Yes 361 [ms 3.4 TeV y=04,1=02, m(y) =10 GeV 1812.09743
Irw L “u - AL e Wt Scalar LQ 1% gen 12e >2j Yes  36.1 LQ mass 1.4 TeV p=1 1902.00377
Clos I g™ - - e ~ WL LOME B A AL R oY Scalar LQ 2" gen 12 22j Yes 36.1 LQ mass 1.56 TeV p=1 1902.00377
dew o 1 - KA anr s e Scalar LQ 3" gen 27 2b - 36.1 | LQ;mass 1.03 TeV BLQY — br) =1 1902.08103
r [ o bOPL U N s e b ] Scalar LQ 3¢ gen 0-1e,u 2b Yes 361 |LQjmass 970 GeV BLQS - tr) =0 1902.08103
£ . [ - » - LT - "
e a1 : e - avagprasioy piprdr—A—t—] VLQ TT — Ht/Zt/Wb+ X  multichannel 361 [ Tmass 1.37 TeV SU(2) doublet 1808.02343
2 - s 5 Nnees VLQ BB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
e P - : :- e —— VLQ Ts/3Tsj3l Tsy3 » Wi+ X 2(SS)/23eu21b,21] Yes 361 | Tszmass 1.64 TeV B(Tos = W)= 1, ¢(Ts;sWe)=1 1807.11883
N VLQ Y — Wb+ X ten 21b21 Yes 361 [Ymass 1.85 TeV B(Y — Wh)=1, cg(Wh)= 1 1812.07343
Cwne 111, gt g bwmet | Pamm e I Sl "Vl [ - ] T VLQ B — Hb+ X Oepu,2y >1b>1j Yes 79.8 B mass 1.21 Tev xg=05 ATLAS-CONF-2018-024
oo B el AR T VLQ QQ — WqWgq 1epn 24j Yes 20.3 1509.04261
S | S hatun i L ansd LA 4 e e b O sod Excited quark g* — qg - 2j - 139 |lGemass 6.7 TeV only u* and d*, A = m(q") ATLAS-CONF-2019-007
A — Rid b, I Excited quark " — qy 1y 1j - 36.7 | a* mass 53TeV only u* and d*, A = m(q") 1709.10440
LI art, + X b, voie - T ——T on @ase Excited quark b* — bg - 1b,1]j - 36.1 | b* mass 2.6 TeV 1805.09299
B )~ PPN des Py P o Excited lepton Z: 3en - - 20.3 A=3.0TeV 1411.2921
Bl i =~ ow Sawipe . - » s aow Excited lepton » Seut - - 20.3 A=16TeV 1411.2921
‘ e 39N G e So AUDOES S Type Ill Seesaw Ten 22]  Yes 798 |Nmass 560 GeV/ ATLAS-CONF-2018-020
T —rye o - - LA e LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2Tev m(Wg) =4.1TeV, g = gr 1809.11105
- R I ey Higgs triplet H** — ¢ 234eu(SS) - - 36.1 | H==mass 870 GeV DY production 171009748
ALy Iew ) L A Higgs triplet H** — (1 Beut - - 20.3 DY production, B(H;* — (r) =1 1411.2921
v w Ml g v s Sihimd mvsmm 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
V5=13TeV  y5=13TeV sl - L A -I| R P 1:) L M
oo P PPy Sp— 10’ 1 Mavs sonn (TeV) partalidats full data 10 Mass scale [TeV]
- - b N ve " . ; ; P ;
. v - It devyed Only a selection of the available mass limits on new states or phenomena is shown.

‘+Small-radius (large-radius) jets are denoted by the letter j (J).

Markus Elsing
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SUSY: Strong Production

Sensitive searches for oS s

~ ATLAS Preliminary £t (1 0gl),

' 1600 — . ——— Obs. limit (+1cpuor)
squarks and gluinos -t Tev, a0 T s
1400 0-leptons, 2-6 jets .~ Exp. limits BDT
. . . . Al limits at 95 % CL £ OL obs. 36 fb!

= R-parity conserving scenarios with 1200 arkiv:i712.02692]

1000

neutralino as LSP (no leptons) p
= High mass reach at LHC

800
600

400

lllllllIlllllllllllllllllllllllll

Many different scenarios Al
investigated, examples: g e e D
e gluino decays to quarks and e

IIIIII\l_IIIIIII|III|III|III|

neutralino _ ypopBtelon PAL ST, 2 ko0t - E .”‘(?i)?/f.“. —
8 - ATLAS Prelimi o o
e squark decays to quarks, o e e e o 1ol
M E [ O-leptons, 2-6 jets S xp. limits 1
W boson, and neutralino . s i TR
= Significant improvement over . w2 E
previous limits g o E
ATLAS-CONF-2019-040 S~ Xt o s o > e
q A1 < N i
Full Run-2 p ? ! o N E
q T -
0:1 T T T T I\ N [T T N B |E"-| |""§-| |\"\| | 1 .

600 800 1000 1200 1400 1600 1800 2000

m(q) [GeV]
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Electroweak SUSY Production

elf squarks and gluinos are very heavy, then electroweak

production of SUSY particles could dominate

= Much lower cross sections, challenging phase space to explore
= Summary of recent ATLAS SUSY EWK results:

July 2019 ATLAS Preliminary s=8,13 TeV, 20.3-139 fb’

; 350 _I 1 1 1 I 1 1 1 1 I 1 .I:* 1 1 I 1 ::l I::I I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I_
(5} | —
O, - ]
o RO TN
1= ~ &5 SN IR ' ]
T ol o SN S =
250 — P*\’“’": i\’\b\)( v \ —
| S\ “ —
[ ' N NG \ _]
| R—
- 5 1 —
Dedicated A S -
. . — 1T
signal regions 150— —
with ISR jets o O
targeting 100— =
"compressed” [ .
- 1 —]
spectra 50— ' —

— 1

— 1

All limits at 95% CL

Roz4t
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Most favourable case: electroweakino production with
decays through light sleptons: exclusion reaches up to
1 TeV (not shown)
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Full Run-2

= = Expected limits

= Observed limits

~i~0 .
1, X, Via

Wz 21+3l
arXiv:1403.5294

arXiv:1803.02762
arXiv:1806.02293
ATLAS-CONF-2019-014
ATLAS-CONF-2019-020
] Wh lob+2job-+ yy+Ft*
arxiv:1812.09432
ATLAS-CONF-2019-019
ATLAS-CONF-2019-031

177 via
Cww 2

arXiv:1403.5294
ATLAS-CONF-2019-008

Direct slepton production excluded up
to 700 GeV mass ATLAS-CONF-2019-008
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BSM Searches: Di-Jet Resonances, W', Z'

= Search for particles decaying to two jets,

including two b-tagged jets:
e g*:6.7 TeV (obs), 6.4 (exp)
o W:4.0TeV (obs), 4.2 (exp)

e SSM Z'(bb): 2.8 TeV (obs), 2.0 (exp)
= Significant improvement in b-tagging

performance at high-pr:

ATLAS-CONF-2019-007 1¢°
Full Run-2

—

8 10"E —— Phys. Rev. D 98, 032016 (36.1 fo') =
o - Phys. Rev. D 98, 032016 (Scaled to 139 fb™") .
“j - — — Current Result (139 fb™) -
1 |

U el Z'(bb) )
< E e |
X o ]
o - ]
- \\ S~al -

107° = ~— — ; 3

- ATLAS Internal S~ ]

. Vs=13TeV T

10k DM mediator Z'(bb), 9,=025,2 b-tag B

l: I 11 l Ll 11 I 11 11 l Ll I L1 I Ll l:

CERN-EP-2019-162
Full Run-2

| - Ll 11 I Ll 11 I Ll 11 11
1.5 2 2.5 3 3.5 4 4.5 5
mDM mediator Z' [TeV]

—

= Searches in di-lepton and lepton + Ermis events:

Limits on SSM benchmark (95% CL): Limits on benchmark models (95% CL):

Events / 10 GeV

107"

(data-fit)/o

m(W’) lower limit [TeV] Lower limits on m , [TeV]
Decay Observed  Expected Model ee
W' — ev 6.0 Dl / obs exp
W —uv 51 5.1 Z, 11 43
T = Zy |46 46
' : Zoay | 49 4.9

Phys. Lett. B 796 (2019) 68

!
ATLAS Preliminary

10° P
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10° Background fit
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o g ,m_=40TeV
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| ATLAS | ;
= \s=13TeV, 139 fb" 3
10 :E e Data . E:
- Background-only fit - .
1 E - Generic signal at 1.34 TeV, I'/'m = 0% '
= Generic signal at 2 TeV, I'/m = 0% ‘;'
- = Generic signal at 3 TeV,I'/m = 0% .
E j L q } |.* I .i
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g +_+'++++ +{+ ## H m{ﬁ ++f++}++++}++{ '+++t +++*ﬁ+}' ;H'ﬁ# A ﬂ;f K. hobo -
‘ 3x10? 10° 2x10°  3x10°
m,, [GeV]
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EXPERIMENT

Run Number: 336852, Event Number: 1440436043

Date: 2017-09-29 11:44:35 CEST

AW

LS
A\

)
\
A

\\

AN
X

S,

Highest mass di-electron
event found during Run-2




Dark Matter Searches

= |f produced at LHC, DM interactions i Yl /X ! y 4
will be mediated by particles that can
also be directly searched for / e / Resonance
— complementarity v/A v/A
P \
= ATLAS released a combination 1 vector mediator | X q T

of Ermiss based DM searches
involving: Exmiss + X,
X=jet,y,W,Z, H, b(b), t(t) € 14
using large number of models
arXiv:1903.01400, up to 37 tb-!

arXiv:1903.01400
N == Dijet

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

Dijet TLAYs =13 TeV, 29.3 fb™
PRL 121 (2018) 0818016

Dijet + ISR ¥s = 13 TeV, 15.5 fb™"
Preliminary ATLAS-CONF-2016-070

m, [TeV]
>

= tt resonance
Vs =13 TeV, 36.1 fo™

= |f light enough, Higgs boson . & 1m Dibje(t |
can decay to DM (H = invisible), e@@?’é@ A
ATLAS combination: 0.6 — ETeLX
R - inviible) <026, R
(0.17 expected) siep 1601 010 25

ET™*+Z(I) ¥s = 13 TeV, 36.1 fb”!
PLB 776 (2017) 318

ET**+V(had) V5 = 13 TeV, 36.1 fb”"
JHEP 10 (2018) 180

ator, Dirac DM
= 0, gx =1
6 CL

o 05 1 15 > 55 3 3
Markus Elsing mz, [TeV] 23
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arXiv:1904.05105, 36 fb-! 0.2
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And what if New Physics is all different ?

Long-lived particles can occur in case of weak couplings, small
phase space (mass degeneracy), high virtuality (scale suppression)

| Dis‘appearing,o'r
Displaced kinked tracks \
multitrack vertices :

|

] . Non-pointing
A} e (converted) photons . .
= Diverse set of signatures

\.- e
=> ~ that are pursued by

Emergingjets  dedicated, usually non-
I standard analyses

AN

Displaced leptons,
lepton-jets, or
lepton pairs

/ L H
\ Trackless,
. Jow-EMF jets

Multitrack vertices in
the muon spectrometer

= Experimental challenge,
often requiring special
triggers

Meta-stable charged
particle
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Events

Example for long-lived Particle Searches

q

Search for a long-lived particle P g /
with displaced vertex (DV) “ N :

~
-

TS~ 1 with long-lived stop
and muon K Xm\

= Clean signature of large track multiplicity . ATLAS-CONE-2019-006
and vertex mass Full Run-2

R-parity violating signature

~A~ o~

Stop R-Hadron, pp > tt, t > puj

8~ ATLAS Preliminary - Data [7]Heavy Flavor = 2.8F ATLAS Preliminar
" {s=13 TeV. 136 fb™ Fakes || Cosmics . n 1 y .
Vs , 18610 v noima] o~ 2.6 Vs=13TeV, 136 fo”, All limits at 95% CL
- ET™° Trigger Selection (Myw=(1.7 TeV, 0.01 ns) 1+ -
6L Full Muon Selecton (mm=(17TeV,0.1ns) | "= 2.4 === Expected Excl. Limit (+1,2 o)
- Preselected DVs (m?”TT)z(L? Tev, 1ns) - Ob d Limit (+1 Susy
~ Highest mass DV w/ >3 Tracks 2.2 :_ """""" served Limit (£ Gtheory)
I ] 2
4_ _> ] ~
: 7 : B
2 f — -
/%% ‘ :
oA I y ,
0/ PR ! /é/'///MﬁJ"!:I::::'-II_I-I — -t L 1_||||| Lol Lol Lol (IR T I 2
1 10 10° 10° 10* 1072 107 1 10 10°
mpy [GeV] ©(t) [ns]
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Preparing for the Future

Current Long-Shutdown 2

= Phase-1 upgrade
= First set of upgrades for ATLAS

Run-3 to collect 300 fb-1 at 14 TeV

Long-Shutdown 3
= Phase-2 upgrade

= Major upgrade of ATLAS experiment
High Luminosity LHC (3000 fb-1)

LHC

Simulated HL-LHC event,
expect up to 200 pile-up §

Run 1

7Tev 8TeV

2011 2012

splice consolidation
button collimators
R2E project

2013

LS1

experiment
beam pipes

13 TeV

Run 2

2E] 13.5-14 TeV

2017

2018

14 TeV

Run 3

injector upgrade
cryo Point 4
DS collimation
P2-P7(11 T dip.)
Civil Eng. P1-P5

2019

experiment upgrade

cryolimit
interaction
regions

radiation
damage

osity
- 1

phase 1

we are
here

HL-LHC
installation

2024 2025

experiment

upgrade phase 2

14 TeV

S5to 7 x
nominal
luminosity
L

I

energy

2026

integrated
luminosity



ATLAS Phase-l and Phase-Il Upgrades

LAr calorimeter:
fine granularity readout
for Level-1

Level-1 trigger electronics

FTK trigger tracking

- Muon system:

N
'ﬁ% New Small Wheel

Phase-I

Phase-ll -
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HL-LHC Computing Challenges...

®To explore high luminosity:

= |ncreased event rate to 10 KHz (disk space)
= |ncreased Monte Carlo statistics (disk and CPU)
= Pile-up up to 200 (CPU for reconstruction)

= Precision of event generators (CPU)

® Computing model extrapolations

exceed current budget !

= Explore all options to reduce computing costs

MC-Full(Sim)
MC-Full (Rec)

MC-Fast (Sim)

MC-Fast (Rec)
HI
HL-LHC (2028):
CPU needs per

processing step

EvGen

Data Proc

Analysis

Disk Storage [PBytes]

Annual CPU Consumption [MHS06]
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| Disk resource needs
: = 2017 Computing model
L2018 estimates
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B ATLAS Prellmlnary

CPU resource needs
— = 2017 Computing model

L2018 estimates:
— v MC fast calo sim + standard reco

| MC fast calo sim + fast reco
s Generators speed up x2

| — Flat budget model
(+20%l/year)

Run 2 Run 3
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Phase-ll Tracker Upgrade (ITk)

g A0pT T CPU for tracking
° C C
Current Inner Detector will & g0 ATLAS Simulation Prelmi _
_ - ITk Layout, tt events =
1 1 @ 350 :_-- = Tota un-2 Reconstruction —Jj— Tota econstruction _:
reaCh end_Of_I Ifetl me g- - g Iratc:(lll:-')ir|:*dingz(|:l'flun-2)t t —— Ire:c:(ll-:(nging (IT:() t .
. '8 300 --A-- Ambiguity Resolution (Run-2) —#— Ambiguity Resolution (ITk) —
= To be replaced by all silicon tracker (ITk) S seob [ e
. . o - s =
e 4 layer (double sided) strip detector o 0ok detector E
; © - o =
o 5 layer pixel system | S 1500 E
= Will extend coverage in |n| from 2.5 to 4 T ook T E
ITk designed for precision o - E
. ) 0 50 100 150 200
tracking at 200 pile-up <
= Better resolutions and less fakes than for - S —
current detector during Run-2 £ 1400-ATLAS Simulation Internal —]
. L o ~ ITk Layout Ph > Tracker |
= Detector designed to also minimise CPU 1200/ n=10 Phase-2lracker layout
needs for track reconstruction 1000 -
B I T]=2.0 B
800_Strlp detector » E
/ _|
600 —
. . 1=30
PIXG| ZOO = "= 40 _:
deteCtor O 3 : — ‘ I I - ! lI II I IE lI I [ I | I I I | I N I | I N I | I | :
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Markus El Z [mm]




Phase-Il and Algorithm Developments

€ 0T 71 i
o Phase-Il software upgrade program & - ‘atas smuiation preimir CPU fOr tracking
= Complements detector upgrades 3 3500 T bayout, T events TR o o on
(7)) - —@— Fast Track Reconstruction (IT )E
2 300- . E
® Algorithmic optimisation of track g 250> o
, X 200 e
reconstruction 3 1501 E
- ; N & -
= Prototype based on classical tracking techniques ~ 100= " software
at 200 pile-up faster than current detector at 20! 500 & ... m =
®Intensive R&D on algorithmic software  ° N v, ® fff
= ACTS as an open source tracking project /1
¢ "community"” project ATLAS, Belle-ll, FCC.... a\ t SR IULE

and - 5th A pril 2019

= Tracking community workshops (CTD/WIT)

t b h https://indico.cern.ch/e/ctdwit2019
= R&D on support for GPUs and other co-processors ">

®Tracking Machine Learning Challenge

= Reaching data science community (Kaggle/Codalab)
= Machine learning and novel algorithmic approaches

EA" Markus Elsing



http://acts.web.cern.ch
https://indico.cern.ch/e/ctdwit2019

Rucio Scientific Data Management

<

Exa-scale data volumes for HL-LHC \\j o

= Rucio is a generic service for large scale ‘@ R U c I o 3
scientific data management SCIENTIFIC DATA MANAGEMENT ©

= Supports heterogeneous computing =
infrastructures (GRID, CLOUD, HPC) ATLAE Dat Grarviem

= Developed originally for ATLAS experiment, Worldwie >400 PB

became an open source community project

400P

Rucio in ATLAS today:

200P

Byt

e more than 1 billion files
e total >0.4 ExaByte
e 2.5 Mfiles (2.5 PetaByte) transferred per day i
e more than 150 computing centres
e more than 1000 active users

100P

Rucio Community is growing fast...

= Many experiments and science organisations
within HEP and beyond ...

. #  ZEFermilab =L n ——co
= Community workshops every year COC ™ o =, A cuyonr
https://indico.cern.ch/event/773489/
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http://rucio.cern.ch
https://indico.cern.ch/event/773489/

Summarz

®Plenty of new ATLAS Run-2 results presented this summer

= Gave a short overview of recent ATLAS SM, top and Higgs physics results
= No signs for physics beyond the SM in full Run-2 dataset yet

® ATLAS is getting ready for Run-3 with Phase-l upgrades

= And ATLAS is moving from pure GRID computing to inclusion of HPCs and clouds

®Detector, software and computing upgrades for HL-LHC

® Opportunities for collaboration within EuroPlex

= Physics (of course)
= Data science techniques and algorithmic software developments

e Software development for heterogenous computing using co-processors (GPUs...)
= Computing and HPC/HTC:

e Middleware services for Scientific Data Management and alike
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