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ATLAS Run-2 data

LHC Run2: 2015-2018

pp center of mass energy : 13 TeV

Luminosity (Good for Physics): 139 fb™

Also heavy-ion collisions (not covered here):

. Pb+Pb, p+Pb, Xe+Xe

Special runs at low energy (5.02 TeV) and low-pileup

ATLAS is a multi-purpose experiment operated by a
large experimental collaboration: a vast physics
programme

Many Run-2 results have been published and many
analyses are ongoing

We present here a selection of recent results, released
in the last year, and an outlook for future

New Results on Charmonium and B, -> see talk by
Semen Turchikhin
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Standard Model Processes ATLAS

Events

Data/ Bkg.

®* Cross sections of different

. o~ AQ total (x2
many orders of magnitude S 10t g ATLAS Preliminary
M- | Theory
- — - B o \s =5,7,8,13 TeV
* Millions of Z, W, tt => precision 10 1 uld LHC pp V5 = 13 TeV
- D;ijets > BE  Data 32- 139!
Py 105 l§_ O 2?va
ThOusandS Of H E s LHC pp Vs =8 TeV
: : 10* F O oo BB  Data 202-203f0
* Observation of rare channels with : &3,
' ' Tt 10° £ 1 nkee go s o4 o LHC pp V5 =7 Tev
tiny SM cross sections e.q. tttt 5 §h a0 PE8.S W e a5t on
2 [ & b nN © g d,
10 ; nj>1 wxa b O v= OWZA_Iﬁ—}/VW o Lk | LHC Dp \/E - 5 TeV
. - A B 10,0 A 7z & wzD S
arXiv:2106.11683 acc. by JHEP 10! I ,,,: 5 © go O A o v Data 0.03 - 0.3fb™
B S S B B e S o e e e E_ ﬁjzé nj24< 3 n; >4 RARe | o Wy
105§—ATLAS ¢ Data - ?E 52 o nj>5 ! ”"Wﬁ a ﬂ o
E (5=13TeV, 139"  [gsignal (u=1.0) " 5 o - S Www
[ L2LOS Ml signal (1 =2.2) 1 "‘1 pb Ag S | 7z o, D-DID z?U 0. o 2
10‘5:-0—-1__._ |:]Background - m = o5 nj>7 Heotr | Howws 75%? 4 tif wwztot. Wi
E %/ Bkg. Unc. . 1 § ii ) "’6 (x0.25) n ' w4 I n ﬁoz Kg
103[_ tttt 10 ? m=4 n>6 "3 S D“ o2z | 0O 4
i Q Heyy '
_ 1 /2 I_OS/2 I_SS/SI_ 10—2 L ii e nj27 - Wy t"i”

_ _ E nj27 =3 ' | A w*w
ok it - =24+ _ b s : = 2t w8
; I u] | | s

e ™S 12,0424 10 R
1.8F . sagnal(u=10)+Bkg ' ' : - Wiy I
14 —signals,22)+ B 3 (2-sigma compatibility) _ :

I ) 7 PP Jets 7 W Z tt ot W ¥ H  Hij VH Vy tiv tiH WWV 777 V@7 wyjj
= - e ) I—&s (QB) tot tot VBF tot tfy vji tt:ftti EWK‘)"}’_’\’\I"\’EWK

3



Standard Model Precision measurements from W, Z: ATLAS

EXPERIMENT
Eur. Phys. J. C /8 (2018) 110
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Z-boson + jets production @ATLAS

* Run 2: ~8 x 10° Z bosons produced

* Test SMin events w/ Z(= ee, uu) and = 1 jet with pr > 100GeV ATLAS.CONF-2021-033
. SM predictions w/ event generators up to NLO QCD + NLO EW
. Measure cross section in more exireme phase space: ‘B %QQQQ yﬁz
collinear vs. back-to-back jet emission, collinear / > \\
high jet p; or high sum p+ g / q . ’
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Standard Model: PDFs

* W, Z/y* data at LHC data can be used to constraint PDFs
* New PDF set ATLASepW/Zjet20 (HERA + ATLAS W,Z inclusive +

W+|et,

Z+jet)

* V+Jet measurements help to separate uand d, s

* Unsuppressed strange fraction is confirmed

Rs=(s+sbar)/(ubar+dbar)
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b-quark fragmentation ATLAS

EXPERIMENT
* Fragmentation of b-quarks important in key measurements and searches

(e.g. top-quark mass or H = bb)

* Test and improve fragmentation models derived from measurements at e " e~ colliders

* Use jet-based quantities:
—> 7, ,°" = fraction of jet charged-track momentum carried by B — [TvX

—> 7z = fraction of jet momentm carried by reconstructed B* — J/YK* - utu K=
ArXiv:i2108.1165
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Multi-boson production: vector boson scattering @ATLAS

* Key test of EW symmetry

—> vector boson self-interactions 7 . q
—> cubic and quartic couplings; previously observed all VVjj, except Zyjj L
. . . . . q - q
* Events characterized by jets with large mass and rapidity gap '
y Z
* Signal strength for Zyjj EW production (rel. to LO prediction) ; > .
: z ATLAS-CONF-2021-038
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H ] . . '
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WWW production ATLAS

S

EXPERIMENT
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Exclusive WW production

* Exclusive Gamma-gamma-> WW, sensitivity to
quartic coupling

* Striking signature: WW and no other tracks emerging
from interaction vertex.

* Elastic, single/double-diffractive components

* Channel: opposite charge W->ev, W->p v

Omeas = 3.13 £ 0.31 (stat.) + 0.28 (syst.) tb

* In agreement with predictions (MG_aMC@NLO+Py8)
once survival factors (0.65-0.82) for proton
rescattering are included, consistent with survival
factors measured in exclusive di-lepton production
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Effective field theory

* EFT: allows to systematically study impact on BSM physics at higher E

(6)

LEFT —

®
_0®4...

* Study here is a step toward global EFT fits

* Input: 1 differential cross-section for each of

* Output: constrain operators affecting W/Z self-couplings,
W/Z couplings to fermions, 4-fermion couplings

ATLAS Preliminary {s=13TeV, 36 139 fb™

--WW
---WZ
--VBF Z

— Combination

-------------------------------------------------------------------------------

- -
- ~
- - - .

25-02-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2 0.25

WW, WZ, 4-lepton (Z/2Z7/ZZ), and VBF Z analyses

\

Parameter Value

Coefficients of all 15
eigenvectors consistent
with SM within 2o
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O
o
T T T[T TTT]

(&
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O
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-10

-15

ATL-PHYS-PUB-2021-022

A=1TeV

- ATLAS Preliminary Vs =13 TeV, 36-139 fb"

—e— Lin, individual
—&— Lin, profiled
—— Lin+quad, indiv

—¥— Lin+quad, prof

‘ * 1 1 N l x l 1 O A l
T T T ! 3 E—
- — 68% CL E
- — 95% CL -
N 3) [0] 1] [2] [0] [0] i
= Cw Chq C'yit C'yis C'yvit Coq2l C'aq —
- ATLAS Preliminary Vs =13TeV,36-139fo" —* Lin, individual —68% CL -
= —=— Lin, profled —95%CL H
- A= 1 Tev —— Lin+quad, indiv —
E_ | —¥— Lin+quad, prof _E
f W ‘ | ’ ‘ | F # 1 ‘ & + ¥ f
- (3] (4] (9] (6] 7] (1] 2] (3] -
—  Cwir  Cuy C vt Cvst C vt Cogar Cogar Coga =
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Top quark: mass

ATL-PHYS-PUB-2021-015

Run 2: ~1.2 x 108 tt produced

Top mass: key SM parameter o

M1op from reconstructed final state, very precise but ™

suffers from hadronization uncertainties O(A\qcp)

Rigorous study of relation between mass from
Powheg-Pythia MC-template and MSR mass, fitting

NCMS, all jets
CMS, l+jets

fragmentation parameters from data:

+350

“a10 MeV,  ATL-PHYS-PUB-2021-034

mYC =mY >R (1 GeV) + 8

Measurement of m,, from cross-sections: closer to Run>—

theoretical definition but larger uncertainty ——x____

ATLAS+CMS Preliminary Mip SUMMary, Vs = 7-13 TeV  September 2021
LHCtopWG
"""" World comb. (Mar 2014) [2] I ; ;
stat total stat
total uncertainty i m,, * total (stat + syst) Vs Ref.
LHC comb. (Sep 2013) LHCtopwG I—I-'-I—I 173.29 + 0.95 (0.35 + 0.88) 7 TeV [1]
World comb. (Mar 2014) HH 173.34 + 0.76 (0.36 + 0.67) 1.96-7 TeV [2]
ATLAS, l+jets H—=—t 172.33+1.27 (0.75 + 1.02) 7 TeV [3]
ATLAS, dilepton —f—— 173.79 + 1.41 (0.54 + 1.30) 7 TeV (3]
ATLAS, all jets —e—+175.1£ 1.8 (1.4 1.2) 7 TeV [4]
ATLAS, single top —t——t— 172.2+2.1 (0.7 + 2.0) 8 TeV [5]
ATLAS, dilepton H--i-l 172.99 £ 0.85 (0.41+0.74) 8 TeV [6]
ATLAS, all jets —— 173.72 + 1.15 (0.55 + 1.01) 8 TeV [7]
ATLAS, l+jets s 172.08 + 0.91 (0.39 + 0.82) 8 TeV (8]
ATLAS comb. (Oct 2018) et 172.69 + 0.48 (0.25 + 0.41) 748 TeV (8]
ATLAS, leptonic invariant mass (*) : H=H 174.48 + 0.78 (0.40 + 0.67) 13 TeV [9]
CMS, l+jets e+ 173.49 + 1.06 (0.43 + 0.97) 7 TeV [10]
CMS, dilepton it 172.50 + 1.52 (0.43 + 1.46) 7 TeV [11]
——i—— 173.49 + 1.41 (0.69 + 1.23) 7 TeV [12]
HeH i 172.35+ 0.51 (0.16 + 0.48) 8 TeV [13]
CMS, dilepton ot 172.82+1.23 (0.19 £ 1.22) 8 TeV [13]
CMS, all jets et 172.32 + 0.64 (0.25 + 0.59) 8 TeV [13]
CMS, single top et 172.95 +1.22 (0.77 + 0.95) 8 TeV [14]
CMS comb. (Sep 2015) H 172.44 +0.48 (0.13 £ 0.47) 7+8 TeV [13]
CMS, l+jets i 172.25 + 0.63 (0.08 + 0.62) 13 TeV [15]
CMS, dilepton o 172.33 £ 0.70 (0.14 + 0.69) 13 TeV [16]
CMS, all jets i 172.34 + 0.73 (0.20 + 0.70) 13 TeV [17)
CMS, single top e 172.13 £ 0.77 (0.32 + 0.70) 13 TeV [18]
* Preliminary
I A N N T N NN TN 1 N N T S A N N
165 170 175 180 185
Mo, [GEV]
ATLAS+CMS Preliminary Myp from cross-section measurements
LHCIOpWG September 2021
My, T tot (stat + syst + theo) Ref.
total stat
o(tf) inclusive, NNLO+NNLL
ATLAS, 7+8 TeV L 1729 29 [1]
1.7
CMS, 7+8 TeV —e—oy 173.8 4§ [2)
1. 1.2
CMS, 13 TeV —— 169.9 57 (0115 5§) (g
™ ATLAS, 13 TeV e 173.1 7 [4]
o(tt+1j) differential, NLO
ATLAS, 7 TeV H—a—q 1737 23 (15 +1.4 39 [5]
4.5 25 +3.6
CMS, 8 TeV —t | 169.9 57 (1.1 57 %) [6]
ATLAS, 8 TeV —— 1711 5 (0.4 £09 §3)
o(tt) n-differential, NLO
ATLAS, n=1,8 TeV H—a— 1732+1.6(09+0.8+1.2) g
CMS, n=3, 13 TeV (- 170.5 £ 0.8 9]
myop from top quark decay [1] EPJC 74 (2014) 3109 [5] JHEP 10 (2015) 121 [9] EPJC 80 (2020) 658
[2] JHEP 08 (2016) 029 [6] CMS-PAS-TOP-13-006 [10] PRD 93 (2016) 072004
CMS, 7+8 TeV comb. [10] [3] EPJC 79 (2019) 368 [7] JHEP 11 (2019) 150 [11] EPJC 79 (2019) 290
ATLAS, 7+8 TeV comb. [11] [4] EPJC 80 (2020) 528 (8] EPJC 77 (2017) 804
IIIIIIlIllIIIIlllIIIIIIllIIlllllllllll
155 160 165 170 175 180 185 190

Miop [GeV]

ATLAS

EXPERIMENT
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Boosted top-quark production 1

Events / GeV

Data / Pred.

ATLAS-CONF-2021-031 EXPERIMENT
. to . s P =
* Test SM at high p. P where deviations expected from BSM § [ ATLAS Prelmnay o -
B 10_1 — vg= 13 TeV, 139 fb-1 — PWG+PY8 --- PWG+PY8( (nnlo rv:.) —
. . Qo = B d — PWG+H7 - == PWG+H?7 (nnlo rw. ;
* SM predictions at NNLO QCD + NLO EW F [ roeiohasespace Moo < Mesmoevman) -
_(cl 1 0—2 : Stat. unc. Stat.+Syst. unc. _§
-f+jets channel: tt > WbWb — fvb qq'b E _ -
_ ° 10"35— '£+jets =
-All hadronic channel: tt - WbWb —qqg’b qq’b - -
107 - =
* Reconstruct hadronic top as reclustered R=1.0 anti-kt jet : ]
10_55_ mmmm
* Energy scale constraint from top (and W) mass S =
'-g © = :::i:,ﬁ‘ ................................................... _:
_ , S5 1 EEE A M M =
* pr’ spectrum too hard for NLO generators but improves with i -
NNLO CaICU|at|On 500 1000 1500 o 2000
ATLAS-CONF-2021-050 p, " [GeV]
N ptayaennsneniataiponises s snsning: TS SN -HApA M MARAAMNS At sl et B owop gnAshomby L Res -
Sl = iewa QO 700F fiatey aon e T R oFg [ Boosted allhadionic T Pwar g o8 3
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Pred./Data

Single-top quark polarization ATLAS-CONE-2021:027 ' CIATLAS

N EXPERIMENT
* t-channel dominates single top-quark production
5 _ N, coord. system in
U > > d d < < T Y b+q rest frame
/// v {
W W A A s /
z' // top-quark spin direction
b > > t b = > t -
* High polarization expected from V-A structure of CC
weak interaction + test BSM impact on tWb vertex s
PX' 15_ I N | [N B | [ B |
* First measurement of polarization vector in 3-D - ATLAS Preliminary :
. C : Ly | -
via angular distributions of lepton (€ or u) from t = bfv decay : Solarization :
0.5 top-quark frame -
LN BN BN BLELELE LELELE UL BURLALE BLELELEN BRI B > R R L L R B LR B IS N LN B LN BLELELEN BLELELE BLRLRL IR BLALELE BRI BLRLIL LA : top quark i
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0.6 _ | 68% CL stat.+syst. i
i . - Powheg-Box+Pythia8 .
04__ m __ _1 5—II¥I | | lgl |- |Y1I: 1 1 | I 1 1 | | L 1 1 1 | 11 | ]
“ ] 45 -1 05 0 05 1
0.2
2 | g 8 12 * Constraints placed on Re and Im
1 S 5 1
0.8 3 &j 2 3 &) 0.8 ;
1 080604202 0 02 04 06 0.8 1 4 08060402 0 02 04 06 08 1 4 08060402 0 02 04 06 08 1 partS Of EFT OperatOr OtW 14

cos 0, cos by, cos 6,



Higgs Physics: ATLAS

EXPERIMENT

* Run 2: ~8 x 10° Higgs bosons produced ATLAS-CONF-2021-053
— T 't Tt T T T T T T T
o - ' ' ATLAS Preliminar ——  Total
Program: Categorize by decay channel and prod. mechanism, o 18 ToV 961 | 139 ry oo
— _ — yst.
measure data/theory T e o = s
SM
. * * . 0 | Total ~ Stat. Syst.
" +0.11 +0.08 +0.07
* Most precise channels ggF: H ->yy, WW*, ZZ* with ~11-13% a9F 1y . 12 R )
_ . ggF ZZ H 095 o3 (Zoto o Zoos )
precision, many Run-2 analyses are ongoing ggF WW IEI 113 0% (1506 » oto)
ggF Tt = 087 055 (012, ‘030 )
ggF+itH uy '—EE!—' 052 ‘03 (076> ‘o4 )
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S " Hod VBF 19gF bb = 0% 3% (8% 8
E 101 gg—4l ) VBF+VH up | = 1233 1% (1%, 0%
— ttV(V)+VVV g VH 7y ’-E-I 133 *038 (+0%2 +0l0,
107 2 VHZZ — IR A e Je 579
- +0.59 +0.49 +0.33
4-lepton mass spectrum " n - VR = 098 057 (-oas+ —020)
10 WH bb = 1.04 *0% (0i9» Tots)
107 ¥ ZH bb - 1.00 o2 (017 . ‘o4 )
: E ' +0.27 +026  +0.08
E Z— HHigod > On-shell ZZ E st vy ke 093 025 (024 + —a0s )
105 : et WW — lea 9 (B )
g JSANARAREREARSRSRS | — % — =: ttH+tH 27 —e= 169 I (ios s Tote)
% 1 5%&?///2 ......................................................................................................................................... —_ ttH+tH - 139 tggg ( tggg | tgij )
S il e bl tHH bt = | 035 Y (113, i)
S TR NI eI T 131 P Y S N R RIS N
O [ ¥ g i —4 —2 0 2 4 6 8
O OB S :
Pl ¢ X B normalised to SM

50 100 150 200 300 500 700 1000
m, [GeV] 15



Higgs Physics:

* Run 2: ~8 x 10° Higgs bosons produced

* Program: Categorize by decay channel and prod mechanism,

measure data/theory

ATLAS

EXPERIMENT

* Most precise channels ggF: H ->yy, WW*, ZZ* with ~11-13% a9 71

precision, many Run-2 analyses are ongoing

* Interpretation with fermion / bosons coupling modifiers

E>|> B o ! T T ! ror T i |

S 1L ATLAS Preliminary |

= Vs =13 TeV, 36.1-139 b’ 7 ’g

O — m,=125.09GeV, |y | <25, p_ =19% 4 -

T B H SM .’ -
el SM Higgs boson W

2 107 T =

102 & " =

= =i =

10° . =

S S

Ko m,(m,,) used for quarks 7

104 =

> - ] - ] .

£ 14f =

5 4ol :

L 1.2 .

34 : ® :

L mbhl Sy } """"""""""""""" s}__

0.8 { ]

107 1 10 10°
Particle mass [GeV]
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ATLAS-CONF-2021-053

IIIIIIIlIIII|IIIl|IIII|IIII|IIII|IIII|III

my = 125.09 GeV, |yH| <25

I |
ATLAS Preliminary
Vs =13 TeV, 36.1-139 {5’

+ Observed best fit

Observed 68% CL

= Observed 95% CL
A Standard Model

L I L A B LR B T T T T ]
ATLAS Preliminary ——  Total
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pSM =79% | SM
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Higgs couplings: T leptons

* B(H - 17) = 6.3% —> test Yukawa interactions with leptons

ATLAS-CONF-2021-044

* Expt. challenge: 2-4 neutrinos in final state, poor mass resolution

* Multiple BDTs used to suppress Z — 7T and tt background, and

ttH
categorize event purity for VBF, VH and ttH mechanism VH
* Dominant Z — tt background from MC, controlled with Z — £{ data 9
via kinematic embedding procedure Ve
Comb
%4OX'13;LA91F'>'i"""'#"D"""""E 3 A Aspro LD R
S BE Vo iaToV 19>t Uncarainy L 8 oo ATLASPrOITIy 4 Dm
5 an Al Boost SRs = a3 ggF significance 3.90  ofaiver_isrs - e (082 X SM)
§> - Other backgrounds 3 S 120 E- + Other backgrounds _
25 : 1 Misidentified t 19 o : + 1 Misidentified 7
- . 10 Z2 w
20: _
t/bh M —————- H
99
I:
Z ’ g
5 /100 125 150 175 200 ) 50 750 s 150 i7s 200

mer < [GeV] mMMC [GeV]

o 1 2 3 4"'5

Syst.)
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r 1 1T 17T 17 1T 1T 1T°1 IIIIIIIIIIIIIIIIIIIIIIIIIIII
ATLAS Preliminary H - 1t Vs =13 TeV, 139 fb”
—Total — Stat. Theo. Y <25
Tot. (Stat,,
1.56 1.06
_— @ | 1.53 +1 32 (j0.93
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R 2| 0-95 jo,27 (j0.15
0.19 0.13
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Higgs couplings to 2"? gen quarks

* Test of Yukawa interactions w/ 2nd generation fermions:

evidence for leptons only

* Search for H—> cc in associated V (4, v, vv)H production

* Dedicated charm tagging

* Results:

* Charm Yukawa modifier
|k.| < 8.5(12.4)obs(exp)

first direct constraint

1000

ATLAS-CONF-2021-021

\s =13 TeV, 139 fb™
0+1+2 leptons

1 c-tag, All SR
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Di-Higgs production

ATLAS

* Direct access to Higgs potential

. Last part of SM needing direct test

. Small HH XS (ggF 31 fb @NNLO, VBF 1.7 fo @N3LO)
* HH —> bbbb (33%), bbtt (7.3%), bbyy (0.3%)

®* HH —> bbtTt channel

0 Leptonic and hadronic taus

* HH —> bbvv
' O'HH/O'HH < 4 1(5 S)Obs(exp)

factor of 4 -5 improvement over 36 fb! analysis

/HH <4 7(3 9)obs(exp) '

ATLAS-CONF-2021-030

I ATLAS-CONF-2021-016

EXPERIMENT

1
Loy = —ZFMVFMV + llPHl/J + Yy + he + |DM¢|2'_ V(gb). :

g 2000999299909~ H

@
E >
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< T L
S E ATLAS Preliminary ¢ Data -
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g; E Thad*had Jet — 1, _, fakes (MJ) E
T 105 _ Signal Region Z > 1T+ (bb,bc,cc_)
= I Jet — 1, _, fakes (tt)
= I Other
10°E SM Higgs
= & Uncertainty
10° E """"'-'--o--:__._" ----- Pre-fit background

Il IIIIIIII| IIIIIIII| IIIIIIII| [ EREI
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Di-Higgs production: combination ATLAS

ATLAS-CONF-2021-052

* Combination of

|||||||||||||||||||||||||||||||||||||||

| | IIII I
. —— Observed o) o L oRo
ATLAS Preliminary Eroocted = 194/ ATLAS Preliminary —— Observed limit (95% CL)
Vs =13 TeV, 139 fo 1 P o —~ ; » ——- Expected limit (95% CL)
0 HH —_> bbTT, bbvv Ogr +ver = 32.78 fb =3 Comb. exp. limit = 1 0 % - Vs=13TeV,1391b =1 Comb. exp. limit +10
1 Comb. exp. limit+ 2 o ~— i 1 Comb. exp. limit +20
Ié E==3 Theory prediction
. Limit on signal strength <3.1 Obs.  Exp. 100l 3 SMpreccton
_ O% :
. ] | = u - _ —
Limit on modifier k, b+ |- 46 39 - N
102}
bbyy [ 43 57 - ;
[ Observed: k) € [-1.0, 6.6] PP -
- —— bbt*t™
N EXpeCted: K\ € [—1 2,72] — Combined -
Combined - 3.1 3.1 — 1
L 0686 =2 20 2 4 6 8 10

1 10 KA
95% CL upper limit on signal strength

IIIIIIIIIIII | I

%10“5— ATLAS Preliminary E
T - Vs=13TeV, 126 — 139 fb -
® 1 Spin-0
Search for HH resonances Y o s oL
. . © 10°F ---- Expected Iim'it ('95% CL) 3
. HH —> bbbb with both resolved and merged topologies _ e e
: 102 < .
> Dominates for m(X) > 700 GeV  ATLAS-CONF-2021-035 ; :
HH —> bbbb, bbTt, bbyy S
- —— bbttt
- —— bbyy
10°f —— Combined -
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Direct searches for new Physics ATLAS

EXPERIMENT

° New |imitS on SUSY, ATLAS Preliminary

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

2HDM, Dark Matter, Extra e e [rdt=(36-139)fo7 =813 TeV
) ’ Model £,y Jetst ET™ [rdt[] Reference
- - 1 T 1 I L ] 1 1 I L] L L] 1 1 L LI I L] T 1 L]
2 ADD Gkk +g/q Oeu,7,y 1-4j  Yes 139 | Mpb 11.2TeV n=2 2102.10874
D I m e n s I O n S | C O nta Ct .5 ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZNLO 1707.04147
2  ADD QBH - 2] - 37.0 | M 89TeV n=6 1703.09127
= ®  ADD BH multijet - >3 j - 36 | My 9.55TeV n=6, Mp=3TeV,rotBH 1512.02586
I nte ra Ctl O n s Le pto - £ RS1Gkk > yy 2y - - 139 Gkk mass 4.5 TeV k/Mp; = 0.1 2102.13405
) O Bulkk RS Gkx » WW/ZZ multi-channel 36.1 | Gkk mass 2.3 TeV k/Mp; = 1.0 1808.02380
o Bulk RS Gkx —» WV — ¢fvqq 1epu 2j/1J Yes 139 Gkk mass 2.0 Tev k/Mp; = 1.0 2004.14636
Q uar kS H eaV Q uar ks 5 Bulk RS gk — tt leu >1b>1J2) Yes 361 | ek mass 3.8 TeV [/m=15% 1804.10823
| 3y 2UED/ RPP lepu 22b,23] Yes  36.1 KK mass 1.8 TeV Tier (1,1), B(ALYD - tt) =1 1803.09678
- - SSM Z" — ¢¢ 2epu - = 139 Z’ mass 5.1 TeV 1903.06248
E XC Ited fe rmions etc w  SSMZ' - rr 27 - - 361 |2 mass 2.42 TeV 1709.07242
. c Leptophobic Z” — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
&  Leptophobic Z’ — tt Oe,u 21b,22J Yes 139 | Z’ mass 4.1 TeV M/m=1.2% 2005.05138
S SSMW ¢y Teu - Yes 139 | W’ mass 6.0 TeV 1906.05609
® - - g’ SSM W’ - 1v 17 1 b_ 0y Yes 139 W’ mass 5::.) '\I;eV ATLAS-CONF-2021-025
SSM W’ > tb - >1Db, > - 139 W’ mass 44 Te ATLAS-CONF-2021-043
N 0 deVIatl 0 n fro m S M (33 HVT W’ - WZ — fvggmodelB 1 e,u 2j/1J Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
9] HVT Z’ - ZH model B 0-2e,u 1-2b Yes 139 Z’ mass 3.2 TeV gv =3 ATLAS-CONF-2020-043
HVT W’ — WH model B Oe,up  21b,22J 139 W’ mass 3.2 TeV gv =3 2007.05293
fo u n d so fa r LRSM Wg — uNg 2u 14 - 80 | Wg mass 5.0 TeV m(Ng) = 0.5 TeV, g, = gr 1904.12679
Cl gqqq - 2] - 37.0 A 21.8TeV 1, 1703.09127
_  Clétqq 2eu - - 139 |A 358TeV 1, 2006.12946
o O 8: eell))s g e 1b - 139 | A 1.8 TeV g =1 2105.13847
uubs 7 1b - 139 | A 2.0 TeV g =1 2105.13847
Not covered here except 3 s eu b1 ves %61 |A
. Axial-vector med. (Dirac DM) Oeu,7,y 1-4j Yes 139 Mped 2.1 TeV 84=0.25, g, =1, m(x)=1 GeV 2102.10874
f I = Pseudo-scalarmed. (DiracDM) Oe,u,7,y 1-4j  Yes 139 | Mmed gq=1, =1, m(x)=1 GeV 2102.10874
a pa I r O exa m p es Q Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 Mmed 3.1 TeV tanB=1, gz=0.8, m(x)=100 GeV ATLAS-CONF-2021-006
Pseudo-scalar med. 2HDM+a  multi-channel 139 Mped 560 GeV tanp=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalarreson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes 36.1 mg 3.4TeV y=0.4, 1=0.2, m(y)=10 GeV 1812.09743
Scalar LQ 1%t gen 2e >2 ] Yes 139 LQ mass 1.8 TeV B=1 2006.05872
Scalar LQ 2" gen 2u >2j Yes 139 | LQ mass 1.7 TeV B=1 2006.05872
C  ScalarLQ 3 gen 17 2b Yes 139 LQ; mass 1.2 TeV B(LQ§ — br) =1 ATLAS-CONF-2021-008
= Scalar LQ 3" gen Oep >2j,>2b Yes 139 [LQymass 1.24 TeV B(LQY - tv) =1 2004.14060
Scalar LQ 3" gen >2e,u,21721j,21b - 139 LQﬁ mass 1.43 TeV B(LQY — tr) =1 2101.11582
Scalar LQ 3" gen Oe,u, 217 0-2j,2b  Yes 139 | LQ§ mass 1.26 TeV B(LQY - by) =1 2101.12527
VLQTT » Zt + X 2e/2u/>3eu 21b,21j - 139 | T mass 1.4 TeV SU(2) doublet ATLAS-CONF-2021-024
g-&’ VLQ BB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
® § VLQ 753753753 > Wt+ X 2(SS)/23epu21b,21] Yes  36.1 | Ts3 mass 1.64 TeV B(Tsj3 > Wt)=1, c(Ts3Wt)=1 1807.11883
:‘B g_ VLQ T —» Ht/Zt 1eu >1b, >3] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
VLQY - Wb 1eu >1b,>1] Yes 36.1 Y mass 1.85 TeV B(Y - Wb)=1, cr(Wb)=1 1812.07343
VLQ B — Hb Oeu 22b,21j,21J - 139 | B mass 2.0 TevV SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
Re) g Excited quark ¢* — qg - 2] - 139 qQ* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
2 O Excited quark g — 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
Ly ¢ Excited lepton ¢* 3epu - - 20.3 A =3.0TeV 1411.2921
Type lll Seesaw 234e,u >2 ] Yes 139 N° mass 910 GeV ATLAS-CONF-2021-023
LRSM Majorana v 2u 2] - 36.1 Ng mass 3.2TeV m(Wg) =4.1TeV, gL = gr 1809.11105
o Higgs triplet H** - W*W=* 23,4 e,u (SS) various  Yes 139 H** mass DY production 2101.11961
& Higgs triplet H** — ¢¢ 234e,u(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
"O-' Higgs triplet H** — ¢r 3eurt - - 20.3 DY production, B(H* — ¢r) =1 1411.2921
Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |g| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
vg=13Tev v;=13Tev L1 lll - 1 1 1 1 L1 ||| 1 1 1 1 L1 lII 1 1 1 1
partial data  full data 10 1 10 Mass scale [TeV] 211

*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 (J).



(diagrams by LHCb and D.Zanzi)

Flavor anomalies ATLAS

EXPERIMENT

* Recent results from B decays indicate deviations from lepton-flavor universality
B(B - K®u*tu™) B(B —» DM1v)

R(D®) =
B(B » KMete™) and R(D™) B(B —» D™ ¢v)

both R(K™) =

disagree w/ SM at ~3 (£ = e, u)

u
* Leptoquarks are a potential explanation B < LQ ) KT
[ U ¢ u )
* Search for 3 gen. LQ pair production in various channels -
3k
* Addresses R (D)) anomaly at ~expected scale
ATL-PHYS-PUB-2021-017 ArXiv:2108.0/7665
1 pp — LQgLQg,aII contours at 95 % confidence level June 2021 LQ!LQY production (Yang-Mills scenario), LQ;—>b1/tvt
E :I I L I bl ! I < I o I.:l o I o | L I b I b : /l:)\ 1_] I I | T T 1 | 1 1 I I I I I I | | I I I I I I l"l I I"l I LI
t,b Y 0.9 | ATLAS Preliminary 1 2 = ATLAS T -
D o5 0 8§ Vs=13TeV,139fb" = = 0'9;_ Vs=13 TeV, 139 fbo', All limits at 95% CL =
o Vo = 2 08k R —
LQ"B{J, / . S 07\ i/ @ — Z:;:gsg E o0 075_ - - - - Expected limit (+10,,) | '; E
--" 065— E “E = Observed limit (+1 5, ) - E
~ TE - 06— ' ' —
~~ = 3rd gen o E : -
LQ;ﬁj UV, T 3; Sca|ar |_Q Eirt))(:/v.2101.11582] § 0_5;_ vector LQ _;
b ): ATLAS-CONF-2021-008] 3 04F  interpretation -
t.b 0.3 [arXiv:2101.12527] = 0.3F- =
0.2 — = =
= ' ATLAS, 36.1 fb" (obs.) 3 0.2 =
0.1 L [JHEP 06 (2019) 144] = E
0:I | | | | I | | | | | | | | “nl | | | | | I | | | | | | | I | | | | | | I: . g —‘——‘:_ g
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LHC Past, present, future @ATLAS

Today

HL-LHC

LHC

Run 3 | Run4-5...

=1 p—_— LS2 13- 14 Tev BEAD 14 TeV
= Diodes C lidation e
iodes Consoli
8 TeV splice consolidation cryolimit LIU Installation : e HL-LHC
7 TV e Dutton collimators N Civil Eng. P1-P5 gackasion it Installation

R2E project regions

510 7.5 x nominal Lumi

"
T R T R R N >
ﬂ

ATLAS - CMS
experiment spgrade phase 1 ATLAS-CMS
te—l s nominal Lumi 2 x nominal LurriI ALICE - LHCDb = 2 x nominal Lumi Al

79% nominal Lumi I / upgrade
/ 1 integrated YU {8
EI 190 b 350 6 e 4000 1o

Long Shutdown 2 (LS2) is near completion: Run-3 will start next year, goal is to collect 2 times the Run-2
luminosity (additional year under discussion => x4 data set ?)

HL-LHC majot LHC upgrade, ultimate lumi: 4000 fb-1 (Run3 x10 )
Obtained with flat luminosity profile at 7.5 x1034 cm?2s-1 (7.5 x original LHC Luminosity)

Pileup : 200 inelastic pp collisions / bunch crossing 23



Run 3 : ATLAS phase-l upgrades ATLAS

EXPERIMENT

* Preparations ongoing w/ maintenance and multiple improvements NSW Reduction of fake y triggers
to trigger, detector, and computing systems, as well as software T sssrmean o
* New for Run 3 | S |
L1-Calorimeter trigger with improved granularity \ =i e
New topological L1 trigger

Muons: New Small Wheel (NSW) and new “EndCap” trigger / a
AFP (forward proton tagger) with new time-of-flight capability o EETTE TEE

Increased performance of software algorithms (Multi- Threading) NSW-A installed in ATLAS NS o
“‘\h = , " 4 N\ . ;s*‘ 6 ,
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HL-LHC: ATLAS Phase-2 Upgrade (1) @

Major ATLAS upgrade to cope with higher luminosity (higher pileup, higher radiation rates, ageing)

* ITk: new Silicon pixel/strip tracker
- Excellent tracking performance (vertexing, p; resolution, b-tagging) even at highest pileup = 200
- Extend coverage from |n|<2.5 to |n|<4

* Single Hardware Level-0 trigger rate from current 100 kHz to 1 MHz (extendable to 4 MHZz)
- Lower lepton (and jet) p; threshold desipite higher luminosity

- Exploit technological advances (high throughput optical transmissions, FPGAs) to perform more
sophisticate trigger algorithms, closer to offline rec

— T T T T T T 1 h ATL-TDR-02¢
= 1400-ATLAS Simulation Preliminary — § I iATl].A'slS!in{uléti;)n' T
= 1200: ITk Layout: 23-00-03 ] o 0-95 T Ve =14 TeV —
- . n=1.0 o Q. 0.8:
- Strips ‘Tk - § 0.7t | — Wolv
1000: n—20_: < " E - —— HH—tr bb
800 ] 06: : - it
h . 0.5 ‘\\ Compreac,sed SUSY
600_— = 0. 4§_ ‘ (A m (y,1)= 40 GeV
400F Pixels = 0.3[ Run-2/3 é
I S S AR Y n=30 - 0.2F
200___ VRL AN LN | - . E ‘
=AY R =40 = 01“_Tufgclh
ot L SIS | | | | o 'E Threshod | . No Upgrade
0 500 1000 1500 2000 2500 3000 350! O "% ‘4'0‘ ‘ 610' —80 100 120

z [mr.., Lepton p_Threshold [GeV]



ATLAS Phase-2 Upgrade (2) @ATLAS

* New layer of inner chambers In the barrel-inner layer of the muon system

- Improve trigger acceptance keeping similar rate (thin gap RPCs + small drift tube (sMDT) chambers)

* High granularity Timing Detector (2.4 < |n|< 4)

- Separate tracks from different collision vertices using timing: effectively remove tracks/jets from pileup

- LGAD (Low-Gain avalanche detectors) timing resolution 30-50ps

i Trigger Acc x Efficiency
(worst Case Scenario)

° ATLAS Simulation
I 1 I I 1 I I 1 1 I I 1 I I 1 l 1 1 1 1 I
= B -
& [ [ 34 chambers + BIBO [l 3/4 chambers [l No upgrade 7
o 11— ]
v [ - HGTD
; B ] '&c;"oa B I I 1 1 1 1 I 1 1 1 I I I I I I I |
cc>>‘0 sl ] s [ ATLAS Simulation -
BIL RPC+MDT |\ & I . £ o6l — PUinteracion ]
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- L = 8 * 2 X e g% ol * B -
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Conclusions @ATLAS

* Vibrant ATLAS physics program continues to exploit the Run 2 data gold mine
. Precision measurements
> Improving understanding of SM in extreme phase space, measurements of PDF, Fragmentation
> Progress toward more global approaches, esp. global EFT fits

. Observation/study of rare processes

> Large dataset to explore rare processes: tttt (4.70), WWW (8.20), or HH prod. (oyy/ohn < 4.1)
* Preparations for Run 3 underway
. Looking forward to extend physics reach beyond Run 2

* Very significant effort on Phase-ll upgrade for high-luminosity LHC

27
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Muon Rol Cluster trigger efficiency

Long-lived particles ATLAS

EXPERIMENT

* Higgs portal / Hidden sector models predict exotic Higgs decays to LLP (s)

g~
S

* Large expt. program for searching different types of LLPs

'\
\
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I
I
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VI /B \ WV

i
i
“~h

* Dedicated muon spectrometer (MS) multi-Rol trigger
+ track segment and vtx reconstruction in barrel & endcap MS

=
|

* Require 2 DVs: 0 events observed w/ 0.32 +/- 0.05 expected bkg

. BF(®(125)—>ss) =10% |
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Pentaquarks

Search for ccuud pentaquarks in A, decays
Best fit with two (or more) PQ compatible with LHCb observation

Anyway a fit without PQ but with an extended A} — 7/yA* decay model is not excluded
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Lepton flavor violation

ATLAS-CONF-2021-042

arXiv:2105.12491

* Run 2: ~8 x 10° Z bosons produced

* Lepton flavor violation only observed in neutrino oscillations, ~negligible for £% in sm

* /Z —> ey search based onm
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ITK performance

ATLAS
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RAA

Bottom & charm energy loss in dense nuclear medium

* Study muons from decay of bottom and charm hadrons in pp and PbPb collisions

ATLAS

EXPERIMENT
ATLAS-CONE-2021-020

—> |learn about energy loss mechanisms for heavy flavors in quark-gluon plasma

* Light/heavy-flavor hadron separation w/ muon p; imbalance inner tracker vs. muon spectrometer

* b/c-hadron separation using muon impact parameter \

* Stronger nuclear suppression for charm vs. bottom as predicted

. Suppression also depends on p; and centrality of PobPb collision

L | | | | | 1 I 1]
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< \

ATLAS-CONF-2021-026

)
F

To probe the gquark-gluon plasma...

= Partons lose energy when traverse nuclear medium

5.02 TeV, PbPb: 246 ub1, pp: 1.17 pb

b—p, c—u = Suppression of small-angle gluon radiation for massive quarks at low p;
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H-> WW*
production

13 TeV, 139 fb1
HoW=W+* - e*vu+v

9 50000

A > H
9 Q00

Gluon fusion ggF

7o probe Higgs-boson production and decay mechanismes...

11 fiducial [Stage
1.2 STXS] cross

sections

(6 ggH, 5 EW qqH)
[see backup]
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Top-quark EFT constraints ATLAS

EXPERIMENT

°* EFT constraints from

8 Ol amasreimndy T svrereaen ] 28 T Tamaseeimmay T mmm 997 reqion
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Events / 100 GeV

Ratio to bkg.

Heavy particle searches

<<q

ATLAS-CONF-2021-043 ATLAS-CONFE-2021-040

ATLAS

* Motivated by hierarchy problem —> new physics at TeV scale

* Heavy gauge boson with right-handed couplings

. Top-tagged large-R jet + b-tagged small-R jet

. Deep NN top tagger using jet substructure

. Discriminant: m,

IIIIIIII I | I | I | | | I | I | | | | | | | |
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EXPERIMENT
L=Lgy+

* Vector-like top quark (single productlon)

Events

Data / Bkg.

. e/u + Z/H-tagged large-R jet + small-R jets

. DiscCr.: mgg = ZPTl + Eniss
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SUSY: Electroweak production ATLAS-CONF-2021-022 ATLAS

EXPERIMENT

* Electroweakinos with mass ~0.1—1 TeV well motivated: £ = Loy +iLysy :
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Prediction

Top-quark production

ATLAS

* Measurements of tt system + additional jets

. Difficulties in modeling of additional :
radiation in events with high-pT top =
quarks —> test of parton shower

ATLAS Preliminary Stat+Syst Stat Only

s=13TeV, 139 b" Data PW+PY8 h,,,=1.5m,

Boosted @ 77T PWG+PY8 (nnlo rw.) —_— PWGH+H7

Fiducial phase-space MC@NLO+PY8 — =-eme PWG+PY8 h,,,,=3 m,
STt PWG+PY8ISRUp ~ ===---. PWG+PY8 FSR Up

Absolute cross-section  _._._ PWG+PY8 ISR Down =~ =:=:= PWG+PY8 FSR Down

0.8
0.6]- 355 <p ™ [GeV]<398 ][ 398< ptTOP“‘“’ [GeV]<496 ][ 496 < ptTOP"a" [GeV] <2000 -
[ 2 1 L L L L 1 LC ] ] ] ] | 2 1EC L | L 2 2 1 h
0 0.5 10 0.5 10 0.5 1

Ag
= (extra1,tophad)

0.7

0.6

0.5

04

0.3

|

—_ ATLAS  Preliminary
— {s=13TeV, 139 fb"!

* Data — PWG+PY8
--- PWG+PY8 (nnlo rw.) —— PWG+H7
—— MCatNLO+PY8

---- PWG+PY8 ISR_Up
----PWG+PY8 FSR_Up
Stat. unc.

rrrrrrrrrrrrrrrrrrrrr

---- PWG+PY8 hdamp=3>< m, _ ]

--—= PWG+PY8 ISR_Down

-= PWG+PY8 FSR_Down
Stat.+Syst. unc.

llllll

III|IIII|IIII|IIII|IIII|II

Prediction

ATLAS Preliminary

Is

Boosted

=13 TeV, 139 fb"

Fiducial phase-space

Absolute cross-section

Nextrajets

Stat+Syst

Data

- -

dog/dp. '[pb/GeV]

Data

Prediction

Data

Prediction

EXPERIMENT

I 111

107"

1072

[ IIIIII|

ATLAS Preliminary
| (s=13TeV, 139 fb”

Boosted

Fiducial phase-space

I T T 1 1 I T T T ] I T T T T I T 1 1 T I ] T T T I T

* Data — PWG+PY8 -
----PWG+PY8 (nnlorw.) —— PWG+H7 7]
—— MCatNLO+PY8 --- PWG+PY8 hy, =3xm,

---- PWG+PY8 ISR_Up
----PWG+PY8 FSR_Up
Stat. unc.

--= PWG+PY8 ISR_Down
== PWG+PY8 FSR_Down
Stat.+Syst. unc.

[ | IlIIII|

PWG+PY8 (nnlo rw.)
MC@NLO+PY8

PWG+PY8 ISR Up
PWG+PY8 ISR Down

Stat Only
PW+PY8 h
PWG+H7
PWG+PY8 h
PWG+PY8 FSR Up
PWG+PY8 FSR Down

damp=1 5 m,

damp=3 mt

i i 3 T
3 i
; o | i ~ —
i Nextrajets = 1 : : Nextrajets =9 : : Nextrajets > 92 :
1 s aaal 1 M N ] -l raaal 1 1 1 lll- :. ' | 1 1 M ]
30 10° 3x10? 30 10° 3x10? 30 10° 3x10?
extra, . 40
p; '[GeV]



13 TeV, 139 fbl
tttt 1€/ 2¢€0S (€ = e,pn)
[57% of tttt events]

Binned profile likelihood [BDT in signal regions]
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Challenge: tt bkg

ATLAS-CONF-2021-013
Physics Briefing

7o probe t-H Yukawa coupling, sensitivity to BSM processes...

Enhancements from pair production gluino & scalar gluons, 2HDM
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Prediction: o577 = 12.0 + 2.4 fb (NLO, incl EW corrs.)

Result:
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Standard Model:

ATLAS

Total production cross section [pb]
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Full LLP programme covers extensive range...

Constraints on gluino mass vs. lifetime
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Gluino mass vs. lifetime for split-SUSY model with gluino R-
hadron decaying into a gluon or light quarks and a neutralino
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Constraints on chargino mass vs. lifetime
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Chargino mass vs. lifetime for AMSB model with tan(B)=5, u>0.
Wino-like chargino is pair-produced and decays to wino-like
neutralino and a very soft charged pion. 20



EFT from top measurements

* Single top polarization

- t-channel dominates single top-quark production, large polarization from V-A
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-Measurement of polarization in 3-D via angular distributions from t — bfVv decay q(f = e, U
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* Measurement of energy asymmetry in tt+|: Az(9)) =
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