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v Run 2 at 13 TeV from year 2015 to 2018

v 147 b1 pp collision data recorded. 139 fb-1 good for physics

analysis (~95% efficiency)

v Also heavy-ion collisions (Pb+Pb, p+Pb, Xe+Xe)
v Very good performance for object reconstruction. Major
uncertainties for typical pT region (O(10)-O(100)GeV for leptons,
0O(100)-O(1000)GeV for jets)
v’ Electron and muon identification < 1%, b-tagging < 2%, jet
energy scale ~ 1% in central region
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ATLAS Physics Results

+ SM precision measurements and rare processes
+ Higgs (and di-Higgs) measurements and searches
+ Heavy flavor physics

+ Searches for new physics beyond SM

+ Heavy ion physics

+ Can only cover a few. Full lists are available here

11/11/21 Bing Li


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

SM Measurements

+ Key to test the SM in high energy
frontier with high luminosity

Standard Model Total Production Cross Section Measurements
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Starting to be
able to probe rare
SM processes
like vector-boson
scattering,
triboson



Search for tftt production: Rare SM Process

Eur. Phys. J. C 80 (2020) 1085
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Data / Pred.

+ Events selected in multi-lepton final states. 'He 04 02 0 0z 04 ”BL#icorJ
+ MVA used with input features from jet multiplicity, jet flavor and event kinematics
+ First evidence with 4.30

+ Best fit signal strength:  u =2.0 + 0.4(stat) 7 07 (syst) = 2. O+

11/11/21 Bing Li 7


https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3

Triboson measurements directly probe the gauge boson self-

coupling

Any deviation would hint new physics at higher energy scale that

ATLAS-CONF-2021-039

Observation of WWW

IS not accessible now

Full Run 2 data used. Only events with 2 or 3 leptons are

included (i.e. at least two Ws decay leptonically)

Fit
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ATLAS

First observation of WWW production

The Wboson was first directly observed
in 1983 using the Super Proton Synchro-
tron proton-antiproton collider at CERN,
resulting in a Nobel Prize the follow-
ing year. Almost four decades later, the
ATLAS collaboration has observed the
simultaneous production of three W
bosons for the first time.

The study of multi-boson processes
involving boson self-interactions pro-
vides unique insight into the nature of
electroweak symmetry breaking and
therefore enables rigorous tests of the
Standard Model (SM). Likewise, devia-
tions from SM predictions could indi-
cate hints of beyond-Standard Model
physics through, for example, interac-
tions that exist at energies beyond the
current reach of the LHC which avoid
the requirement to create the particle
directly. These effects could potentially
result from interactions with virtual
particles in loops or new amplitudes
generated by a tree-level exchange.
In an effective field theory (EFT)
approach, the possible new interac-
tions are represented by operator terms
with anomalous triple and quartic gauge
couplings, both of which are present in
WWW production.

Signal events

At leading order, the WWW signal is
produced through the different mech-
anisms presented in the Feynman
diagrams shown in figure 1. While
there are many decay modes, ATLAS
used four final-state channels where
the signal-to-background ratio is big
enough to observe the signal. The first
three channels result from the decay
of two of the Ws into charged lepton—
neutrino pairs, with the same electric-
charge sign of the charged leptons. and

Fig. 1. Example Feynman diagrams for the leading-order production of WWW events.
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Fig. 2. The BDT distribution of the WWW three-lepton channel.

and three normalisation factors for
the dominant WZ background. The
BDT distributions were fitted in the
four signal regions simultaneously
with the trilepton invariant mass dis-
tribution in three WZ control regions
(WZ plus 0, 1, 22 jets). The resulting
BDT distribution for the 31 channel is
shown in figure 2.

The large event samples (139 fb™)
provided by the full Run-2 data set,
the implementation of multivariate
techniques, and an improved ATLAS
detector and reconstruction perfor-
mance enabled the observation and
the cross-section measurement of this
rare process. The observed (expected)
significance of the measurement is
8.2 (5.4) standard deviations com-
pared to the hypothesis with no WWW
signal. The cross section is meas-
ured to be 850 +100 (stat.) + 80 (syst.)
fb, as derived from the observed sig-
nal strength (the ratio of measured to
predicted yields) of 1.66 + 0.28. The
observed signal significance is within
2.40 of the SM prediction. The full
Run-3 data set is anticipated to more
than double the number of signal events
and will enable a more precise meas-
urement of WWW production. Higher
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Higgs-like particle discovered at the LHC in Run 1
Since then, the major focuses have been on

v Observation in major production (ggF, VBF, VH, ttH) and decay (WW, ZZ, yy, bb/tT) channels
v Searches in the rare decay channels (up/cc)

v Improved coupling and differential cross-section measurements
v’ Searches for new physics using Higgs boson (LFV, dark matter .etc)
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* Measured in different production modes
+ ggF: mr used as final discriminant
+ VBF: 2 forward jets with large m; and dYj. DNN
used as final discriminant
+ Events are split into different jet multiplicity

Gluon-gluon fusion (ggF)
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https://cds.cern.ch/record/2759651

H-> 1T

ATLAS-CONF-2021-044

+ Relative high BR (~6.3%) allows to study Yukawa coupling with

large statistic, in all four production modes

+ Studies done in the fully(semi) TT decay and ey channels
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https://cds.cern.ch/record/2779179

ATLAS-CONF-2021-021

Searches for H 2 cc

Try to probe Higgs couplings to 2nd
generation fermions

Extremely difficult at hadron collider
+ Small BR ~2.9%, and large background
x C-tagging is very challenging

Developed dedicated c-tagger

x 10 select "intermediate” lifetime ¢ hadrons
between b and light flavor

x 21 % efficiency for ¢, 8% for b, 1.6% for light

Searches done in VH channel with either
large MET or 1/2 leptons
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https://cds.cern.ch/record/2771724

ATLAS-CONF-2021-053/

Higgs Combination

Input analyses

partial Run 2
tfH(—mult. leptons) analysis uses partial Run 2 dataset (36 fb~')

/- full Run 2

Production cross section
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ZH b———] 088 ‘03 (o, '0%3)
ttH+tH |—‘_'—| 0.96 '35 (=013, *oi3)
I | - I 11 | 111 | 111 | 11 I L1 I 11 I 11 I 111 | L1
06 08 1 12 14 16 18 2 22 24 26

Cross-section normalised to SM value

or \(ﬁg

m
.
Kev

>
¢

Kg Of

e

107

1072

107

107
1.4

12F

0.8F

u=1.06+0.06=1.06+0.03(stat.) £ 0.03(exp.) £0.04(sig. th.) £ 0.02(bkg.

Theoretical uncertainty starts to dominant
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_Coupling

1F

AL L T
| ATLAS Preliminary |
= Vs=13TeV,36.1- 13910 z.43
- m,=12509GeV,ly, |<25,p, =19% &
IEECEREEES SM Higgs boson = W |
= RS ] —
g b E
= g E
i Mq(m,,) used for quarks ]
; | | 1 | Il —g
R }'"{ """"""""""""" s ""}"_

107 1 10 10?

Particle mass [GeV]
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https://cds.cern.ch/record/2789544

ATLAS-CONF-2021-052/

Di-Higgs Combination

ATLAS Preliminary
VS =13TeV, 139 b1
OSh 4 ver = 32.78 b

T | T T T
Observed E=A

.......... Expected %‘
[ Comb. exp. limit £ 10 1
[ Comb.exp.limt+x20c | X

o

Obs.  Exp.

L T I T T T T I T T T T T T T 1T
104 ATLAS Preliminary E
E Vs=13TeV, 126 — 139 fb™" ]

—— Observed limit (95% CL)
-- Expected limit (95% CL) 3

= Comb.exp.limit+1c 3

[ Comb. exp. limit + 20

102l ]
bbbttt + 4.6 39 A E 3
+ Direct probe of the Higgs self-coupling, _
. . bbyy - { 43 57 o 10" _ bBBE E
as well as searching for new physics E b
. . . r —— bbyy
decays to HH in high mass. Combined? | MU 00— contis , - -
. . 1 10 200 300 500 1000 2000 3000
%* Comblned uSIng three Channels 95% CL upper limit on signal strength myx [GeV]
< Resonant & non-resonant bbyy: ATLAS-CONF-2021- = 104_"4'.,.',_;4'3' 'P'rél'";“'né;y' T L Observed imit (85% CL)
016 —~ : : 1 - == Expected limit (95% CL)
- % C Vs = 13TeV, 139 fb [ Comb. exp. limit 10
% Resonant & non-resonant bbTT: ATLAS-CONF-2021- | o T o
030 E 108 ¢ SM prediction
% Resonant bbbb: ATLAS-CONF-2021-035 S |
/LII/ -------------
9 2999999090909 0 --------- H 9 9009900990099 H 102;
Kt Fx [ Observed: K, & [-1.0, 6.6] — EEVZ i
A A -3 | Expected: k, € [-1.2,7.2] o ]
; « R 0 s b 0%~ 4 2 0 2 4 6 & 10
KA
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http://cdsweb.cern.ch/record/2759683
http://cdsweb.cern.ch/record/2777236
http://cdsweb.cern.ch/record/2777861
https://cds.cern.ch/record/2786865

B Physics at ATLAS

+ Possible deviations from SM in the B-related
decays have captured more interest

+ ATLAS has access to B, Bs, Bc, A\, Y etc. Typical Tz 4 6 ( N
limitations are triggers, reconstruction and

identifications etc.

+* Due to experimental difficulties, mostly focus on

muon final states

+ lypical triggers: di-muons with pT thresholds at 4, 6 and
11 GeV. Possible with some event topology cuts
(dimuon mass, angular etc.)

+x In 2018, a di-electron high-level trigger has been
implemented and being analyzed now

* Improved muon identification down to 3 GeV. Machine ol DR
learning widely used.

11/11/21

:I T T | T T T [ T T T | T T T [ T T T

% - ATLAS Preliminary

= " Data 2018 lowm ¢ Jy B Y(nS)

(e) 7 TVE =13 TeV - - Pylu) > 11 GeV, p (1) > 6 GeV i . »

: 10 - 58.45 b [ [l ~v)> 60eV.p ) >6GeY Trlgger

g B Fﬂj - pilu)> 6GeV,p () >4 GeV Ievel di_

= 108 Pyii)> 4GeV,p () >4 GeV

uCJ E Dimuon triggers: pT(u']>11 GeV, pT(u2)>6GeV m uon maSS

- distributions.

: Basic muon
g applied.

LI B | L B L B B L

— ATLAS Simulation
I~ Vs=13TeV, it

i @ Low—pT (MVA), prompt & Low—pT (MVA), hadron
EO) Low—pT (cuts), prompt O Low—pT (cuts), hadron
L ¥ Medium, prompt Y  Medium, hadron

Efficiency [%]

pg [GeV]
Eur. Phys. J. C 81 (2021) 578 °
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https://link.springer.com/article/10.1140/epjc/s10052-021-09233-2

JHEP 10 (2018) 047

B® > K*uu Angular Analysis

Angular distribution of the 4 particles in the final state ‘ e ;
sensitive to new physics for the interference of NP and sl m _A K
SM diagrams ’ § N

¥y

Allows measuring a large set of angular parameters
sensitive to Wilson coefficients

(o +
Decays are described by three angular variables (0., 6« \u* & \[;\
and ¢) and dimuon mass squared (g?) ‘79& BY \6x
The angular distributions are measured in different g2 \ \\\
bins - \ -

LHCDb reports a 3.40 deviation from the SM

ut
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https://link.springer.com/article/10.1007/JHEP10(2018)047

K*uu Angular Analysis

+ Run 1 data at 8 TeV, 20.3 fbl. Selected with muon triggers starting at 4 GeV
+ In total 787 events were selected in the g? < 6 GeV? region

+ Extended unbinned maximum likelihood fits in each of the fit variants in each g2 bin to extract FL
and S(P) parameters

[Ye)

. T L L L I
« first fit of the invariant mass distributions O 20 ATLAS Is=8TeV, 20-3_fb'1_:
« then fit of angular distributions 5 S LFCh  immteon MY
. . . - CMS h JC .
+ Results are compatible with predictions 1 iBelIe eew -
+ Largest deviation seen in P'5 (2.70) between 4 to 6 GeV? O'Sﬂ?’f 3
q2 [GCVz] Nsignal Mbackground OE— : _E
[0.04,2.0] | 128 £22 122 +22
[2.0,4.0] | 106 23 113 +23 —0.50 — E
[4.0,6.0] | 114 +24 204 + 26 _1f_ — _
[0.04,4.0] | 236 £31 233 +32 e T
[1.1,6.0] | 275+35 363 +36 & [GeV2)
[0.04,6.0] | 342 +39 445 +40
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CP-violating phase ¢, in Bs =2 J/wo

Eur. Phys. J. C 81 (2021) 342 c

® Parameters of the B, system:
o Mixing - Decay width difference Al =T — g
» Al = 0.087 + 0.021 ps in the SM [arXiv:1102.4274]

t.c.u b
s > > > >- o - o
C A
) %% "
F B W; gW < _I_ ‘/W/<
S bt < s < -
) il ol ‘
Decay amplitude with mixing Direct decay amplitude

> CPV phase ¢s — weak phase between mixing and b - ccs decay

2 (s = —2Bs with Bs = arg[—(VisVie*)/(VesVen*)]
o SM: 2B, = -0.0363 = 0.0016 [arXiv:1106.4041], 0.0370 £ 0.0010 [UTfit18]

Slides taken from
Marcella Bona
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https://link.springer.com/article/10.1140/epjc/s10052-021-09011-0

CP-violating phase ¢, in
Bs 2 J/yo

Unbinned maximum-likelihood fit to extract the

physics parameters

Fitted variables
* Mmass mB, proper decay time t and their error, tagging

probabil

AT, [ps]

11/11/21

0'12__ CMS, J/wK*K™, 116.1 fo!
0.1

0.08

0.06

ity, angular

- LHCb, J/wK'K™, 4.9 fo'

ATLAS
Vs=7,8,and 13 TeV |
68% CL contours

LHCb, all channels, 4.9 fo™'

ATLAS, J/wK*K™, 99.7 fo'! .

¢, [rad]
Bing Li

Entries / 0.2 ps

(data-fit)/c

Entries / 3 MeV

(data-fit)/c

455— Vs=13TeV, 80.5 b — Total Fit —f 100 Ys=13Tev, 805" —— Total Fi B
S - - Signal E s
40 ----Background 1
asE- 10xB- JyK® 3 i i ]
- =10 x Ag—> Jy pK E —
30F a9 4 N
25 E W
208 Mg o | pEitseeamtes
IBE et g = 2 E
10 4 E
5;_ B “‘ _; ~3 2 1 0 i 2 ¢r[’a%}
O O £ el LT E P et EsE TS ORI
3 & ' ' ' - L —
21 3 E 100/~ li!szLés'rev,aosm‘ . 'I?olal Fit .
||I A = <ueeanes Background
0 e S — T N Signal
9 ]h"'m et "k""LP[m'l"r'r‘J!
_oE E
_3 = i
a 52 525 53 535 54 545 55 555 56 5.65
m(Jyo) [GeV]
107 BT T e e g
ATLAS P . Data E
- Vs =13 TeV, 80.5 fo — Total Fit q B o 3
- - Signal E[E: S ST IP— I
. --- Background . = E
10 -= Prompt J/y E 2708060402 0 02 04 06 08 1
100 fiE T -
......... ]
100 [ i Tl 3 E 100~ ATLAS Visosm —— '?oa:l Fit 7
~~~~~~~ E 2 t - Background
...... g8 | E ----- Signal
10? =
10 oy -
LJ;i,ﬂ!.".LILJJ.;L“J‘..Lp.‘;UA;..L: ]
3E P H ]
 Proper decay {ime t
g f"'.‘”"-""“1'l'1"-lli‘“"l‘] e B :
2 I frprey o
-2 0 2 4 6 8 10 12 14

x10°
| T T T T
[ ATLAS + Daa

Proper Decay Time [ps]

0806042020 02 04 06 08
cos(y.

= —0.087 +0.036 (stat.)+0.021 (syst.)rad
= 0.0657 +0.0043 (stat.) + 0.0037 (syst.) ps~"
= 0.6703 +0.0014 (stat.) + 0.0018 (syst.) ps~"
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PhysRevl ett.127.141801

bsll Contact Interaction

+ Inspired by the B-meson decay anomalies, a four-fermion contact
Interaction between two quarks (b, s) and two leptons (ee or yu) is
used as a benchmark signal model

+ Characterized by energy scale (A) and coupling (g+)

& i A = ’
WA N P s
B+[3 I E}K" B+{3 R 5}’“; &8 5

(@) (b) ©) (d

FIG. 1. Representative Feynman diagrams for the decay of a Bt meson to a K™ meson in association with two leptons (a) in the SM
and (b) in the EFT approach and for production of two leptons via a bsZ¢ contact interaction in p p collisions (c) without and (d) with a b

jet in the final state.

11/11/21 Bing Li
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https://link.aps.org/doi/10.1103/PhysRevLett.127.141801

+ Run 2 139 fb1 data. Event selected
with two leptons and O/1 b-tagged

jet

+ N/g. below 2.0 (2.4) TeV are

bsll Contact

Events / 100 GeV

Data / bkg.

excluded for electrons (muons)

+ Still far below the value favored by E
meson decay anomalies though (~3

TeV)

11/11/21

Events / 100 GeV

Data / bkg.

Interaction

10" T

10,8 ATLAS —e— Data

10° Vs=13 TeV, 139 fo™ W Z/y +ets
10: e*e’+0b category, CR-only fit [_] Multijet
186 Signal Regions [ Others
10° [ Top

7 Bkg. Unc.
2 signal, A/g, =1 TeV

00 —vu. et

107"
10°?

10

E 1

1 é,_..‘.___...._.......‘.._‘.A,..-A,....-.-»‘r‘,l,»,-fﬁrxv’vTTvrt)ﬁr////)fy'éy%

10"k Z
5x10? 10° 2x10°  3x10°
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(a)

10" T

ATLAS —e— Data
Vs=13TeV, 139 fb™ Bl 2 +jets

W+0b category, CR-only it  augg ihers
Signal Regions - Top

7 Bkg. Unc.
signal, A/g, =1 TeV

] ;_ e ST S T,;’TT»ﬁ;»»Tvz»N/r)ﬂ//llﬁ//%
1 L
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Events / 100 GeV Data / bkg. Events / 100 GeV

Data / bkg.

ATLAS —e— Data
Ys= 13 TeV, 139 fo”' B Z/y +jets

e*e’+1b category, CR-only fit [0 Top
Signal Regions [ Multijet
[ Others

7 Bkg. Unc.
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E 1
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Signal Regions @ Others

74 Bkg. Unc.
sigl
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m, [TeV]

Other Searches

. X T v T T T T T T | ] i
B A } ll! 7 o Dijet
L ATLAS Prelimi ary P - Dijet, 139 fb"
;i L & E JHEP 03 (2020) 145
1.4[V8 = 13 TeV, Mdrch 2021 2 S J ‘
. : / 7 @ © 74 i Dijet TLA, 29.3 fb
% PRL 121 (2018) 081801
/ & —
>/ . Dijet+ISR, 79.8 fo'!
—] PLB 795 (2019) 56
] Boosted dijet+ISR, 36.1 fb’
] PLB 788 (2019) 316
— Boosted di-b+ISR, 80.5 fo!
E ATLAS-CONF-2018-052
] = fttresonance
E 36.11b"
E EPJC 78 (2018) 565

—| = bb resonance
139 b
JHEP 03 (2020) 145

miss
4 —E™+X
E;+jet, 139 fb”

arXiv:2102.10874
,9,=0,9 =1 i [
¥ S
95% CL N arXiv:2011.05259
I L] E4+V(had), 36.1 fb"

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

1
3 5 4 JHEP 10 (2018) 180

25 3 ET™+Z(1l), 36.1 b
m,. [TeV] eor

PLB 776 (2017) 318

ATLAS Preliminary

Status: July 2021 JLdt=(36-139)fb! V5=8,13TeV
Model Ly Jetst ET™ [ram] Limit Reference
T T T
B ADD Gk +g/g Oepury 1-4j Yes 139 Mg DTV 7 -2 2102.10874
S ADD ronesonart 7y 2y T L 86TeV  n_3HZNO 1707.04147
8 appasH 2| 570 M 89TeV 15 1703 09127
§ | Aoosimue - 23 - 36 M 955ToV! n=6. My =3ToV.otBH 151202506
2 RS1 Gix = vy 2y - - 139 | G mass. 45TeV. k[Mp =01 210213405
B BUKRS Gy — WW/ZZ multi-channel 361 | G mass. 2.3TeV KM =10 1808.0:
8 | BUKRS Gyx » WV — fvaq Ten 2]/1J  Yes 139 | Gk mass. 20TeV k/Mp =10 2004.14636
B BukRSg o nr Tk 2152192 Yoo 61 |Ewcmass 38Tev Fme 5% Seo
2UED/ RPP lep 22b.23j] Yes 361 KK mass 18TeV Tier (1.1), (ALY - ¢) =1 1803.09678
SSMZ' — ¢t 2ep = bt 139 |Zfmass) 5.1Tev 1903.06248
SSM 2/ o 2t - - 61 [2'ms 24276V 170807262
Loptophotic 2/ -» bb - 26 - 361 [2mas 21TeV 160502269
Leptophobic 2/ — ¢t Qe 210220 Yes 139 |2Zimass aaTev Tm=12% 200505138
§ SSMW' v e “ Yes 199 [Wemass 5.0Tov 1506.05609
SM W’ 1 - Yes 139 |wrmess 50Tev ATLAS CONF 2021.025
§ ssuw o o 216219 139 | wemass 4aTev AAS CoN 2021043
HVT W' WZ— trgqmodel B Ten  2/1J Yes 133 |Wemass 43Tev a=3 200414636
© | HVT Z' - ZH model B O2eyu  i2b  Yes 139 | Z'mass 32TeV =3 ATLAS-CONF-2020-043
HVT W’ . WH model 8 Oy 216220 139 | Wrmass 327eV. 5 2007.05269
LRSM Wg — uNg. 2 14 = 80 | We mass 5.0TeV m(Ne) = 05TeV. gu = g 1904.12679
Clqqqq - 2] = 370 |A 218TeV i, 1703.09127
—  Clitqq 2ep - - 138 A 35.8 Te\ M 2006.12946
S Cleebs 2e 1b - 139 |A 18TeV &=1 2105.13847
Cluubs 2pu 1b - 139 |A 20 & 2105.13847
ittt Slew >1b>1j Yes 361 |A Cu = o 1611.02005
Aialvecior med. (DiacDM)  Oeur.y  1-4] 139 | £0-025, g1, m(y)-1 GeV 210210874
Pseudo-scalar med. (DiracDM) O e,p 7.y 1-4)  Yes 139 ey 376 GeV. =1, &=1, m(x)=1 GeV_
3 77oH0M (DiracOM) Oy’ 25 Yes 139 [mnms : ATLAS GONF-2021006
Pseudo-scalar med. 2HDMsa _ mult-channel 139 | Mt 560 GeV. ATLAS CONF 2021.036
Scalar reson. ¢  ty (DracDM)  O-1 ey 15,014 Yes 361 |ms
Scalar LQ 1 gen 2e 2] Yes 139 |LQiass 200805672
Scalar LQ 2™ gen 2u 22j Yes. 139 |LQmass 2006.0587
G ScalrlQ3gen T 2b  Yes 130 |LGrmass ATLASCONF-2021-008
= Scalar (039 gen Ocy  22,,22b Yes 130 |LGHmas 2004.14060
Scalar LG 3% gen s2epz1r21)21b - 13 |Ladmass B(L0¢ b7 210111582
Scalar LQ 3 gen Oequ>170-2.2b Yos 139 [LOdmass B(LQ = b) =1 210112527
VIO TT e+ X 2eluten 21021] - 139 | Su12) coutiel ATLAS GONF-2021.024
_g VLQ BB —» Wt/Zb+ X multi-channel 36.1 mass. SU(2) doublet 1808,02343
B VLQ TenTonlTon —» Wi+ X 26S)23en21b21] Yos 361 | Tsmmass B(Tys — We)e 1, (TyaWh)e 1 7.1
= T 43 Teu =21b23] Yes 139 | Tmass SU(2) singlet, k7= 0. ATLAS-CONF-2021-040
VIQY - Wb Te  >1b>1] Yes 961 |Ymass B(Y = Wo)- 1 cq(WB)- 1 w2063
VLQ B — Hb Oeu 2201, >1 - 139 | Bmass SU(2) doublet, k= 0.3 ATLAS-CONF-2021-018
i8] Excited quark ¢° — qg 5% 2j e 139 Jigtmass) 6.7TeV. only u* and d", A = m(q") 1910.08447
8BS cotedquarkd” - o Ty 1 - se7 [amas 53Tev anly - and o A = ma') 1709 10440
SE Eutedquark b - by Samt - s [bmas 267ev 1805.09299
@8 Eoicdiopon - “ ) A-207v i seer
Excited eplon »* - - 23 A-16Tev sa112921
Type lll Seesaw 22]  Yes 139 |Nmase 910 GeV. ATLAS-CONF-2021-023
LASM Majorana 2 2 = 361 | Nemass 327ev (W) 3176V, 60 ~ 5 09.1110:
§ | oSl A o WAWS 23401(SS) varous  Yes 130 (Wit mase 350 Gev DY producton 210111981
Higgs triplet H** — ¢ 234eu(SS) - =361 | He mass 870GeV. DY production 171009748
Higgs triplet H** 3e, - - 203 DY production, B(H;* — (r) = 1 14112921
Wulti-charged partcies = - - e 12276V 0¥ producion, g = 5¢ 1812.00673
Magnetic monopoles 344 237Tev. O producion. g~ 1go.spn 2 | 190510130
V5=13TeV  V5=13TeV. L
partial data full data 1 10 Mass scale [Tev]
*Only a selection of the availabl new states or phenomena is shown.

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

1111121

ATLAS Diboson Searches - 95% CL Exclusion Limits

ATLAS Preliminary

Status: June 2021 £=(36.1-139) fb™" V5 =13TeV
Model Channel’ Strategy* Limit Reference
Buk RS (krr, = 35, Ag = 3TeV) R — WW, ZZ — wqq, {vqq, £tqq resolved, boosted T ! ! ! . ! T T Eur. Phys. J. C 80 (2020) 1165
BUK RS (knr, = 35, Ag = 3TeV) R— WW, 2Z - qaqq boosted JHEP 06 (2020) 042
B Rt (kM = 0.01) G =7y resolved aniv2102.13405
é RS1 (kiMpr = 0.05) Grx =7y resolved aXiv2102.13405
ISl RSt (kM Gk = vy resolved aniv2102.13405
Bl Gk rs /iy — 05) G > WW > ey resolved Eur Phys. .G 76 (2016) 24
Bl cukrs R - 10) G — 22— 1er0, it resolved Eur. Phys. J.C81 (2021) 332
Bl s o - 10) Gro > WW = ey resolved Eur.Phys. .G 78 2018) 24
Buk RS (k/Mp = 1.0) G — WW, ZZ — vvqq, {vqq, t{qq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
Buk RS (k/Fp1 = 1.0) G — WW. 2Z - qaaq boosted JHEP 06 (2020) 042
HVT (g = 0.5, gy = -0.56) Wz et resolved Phys. Lot B 767 (2016) 66
HVT (gr = ~0.55, gy = ~0.56) W’ - WZ - vvqq, tvqq. tlaq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (g¢ = -0.55, gy = ~0.56) W' — WH - tvbb resolved, boosted ATLAS-CONF-2021-026
HVT (gr = ~0.55, gy = ~0.56) W' = WZ - qqqq boosted JHEP 06 (2020) 042
HVT (gr = ~0.55, gy = ~0.56) W' = WH — qqbb boosted Phys. Rev. D 102 (2020) 112008,
HVT (gr = ~0.55, gi = ~0.56) 7' WW s evar resolved Eur. Phys. J. C 78 (2018) 24
HVT (g = ~0.55, g = ~0.56) 7'+ WW  tvgq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (gr = -0.55, g = ~0.56) Z' — ZH — yvbb, (Lbb. resolved, boosted ATLAS-CONF-2020-043
g HVT (g = -0.55, gy = -0.56) 2/ WW - qaqq boosted 13-29TeV HEP 06 (2020) 042
8 HVT (g = -0.55, gy = ~0.56) 2" — ZH - qqbb boosted Phys. Rev. D 102 (2020) 112008
§' HVT (gr = 0.14, gy = -2.9) W s WZ ot resolved Phys. Lett. B 787 (2018) 68
6‘ HVT (gr = 0.14, gy = -2.9) W’ — WZ - vvqq, tvqq, tlaq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (gr = 0.14, gy = -2.9) W’ = WH = tvbb resolved, boosted ATLAS-CONF-2021-026
HVT (g = 0.14, gy = -2.9) W' - WZ - qqqq boosted JHEP 06 (2020) 042
HVT (gr = 0.14, gy = ~2.9) W - WH  qqbb boosted Phys. Rev D 102 (2020) 112008
HVT (gr = 0.14, gy = -2.9) Z' - WW = tvaq resolved, boosted Eur. Phys. J. C 80 (2020} 1165
HVT (g = 0.14, gy = -2.9) + ZH = ywbb, (0bb resolved, boosted ATLAS CONF-2020043
HVT (gF = 0.14, gy = -2.9) Z' - WW - qqqq boosted JHEP 06 (2020) 042
HVT (gr = 0.14, gy = -2.9) - ZH — aqbb boosted ) ) ) ) I ) ) ) Phys. Rev D 102 (2020) 112008
0.2 0.4 0.6 0.8 1 2 3 4 5

Vs=13TeV.
139 fby

“small-radius (large-radius) jets are used in resolved (boosted) events

with € = 1, e

Excluded mass range [TeV]

ark matter, heavy particles,
LFV, long-lived particles ...

Bing Li
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Nature Physics volume 17, pages 813-818 (2021)

LFV Using W from ttbar Decay

+ Measure the ratio of W decay to tau/mu, from ttbar events E CE o iae T T
(large statistic at LHC) 8 [ (5-13TeV,189f"  [Ju(hadrondecay) |
] > B Control Region [ tt+V processes ]
* USIHg full Run 2 data = 10 8 Same-jsign u—p Il Diboson processes =
il  Post-Fit [ Other SM processes -
+ Using lifetime information to separate W to tau/mu decays - 77 Uncertainty B
T T T | T T T T T T | T T T I T T T I T T | T T T |

10° E

ATLAS —— LEP.(Phys.Rept. 532 119) .

y ATLAS - this result

Vs =13TeV, 139 b Statistical Uncertainty E

[ Systematic Uncertainty

—e— Total Uncertainty 3 111 """"""""
080 005 01 015 02 025 03 035 04 045 05
= Id} | [mm]
R(tau/m) = 0.992 +- 0.013
SR R R S RS R SR Most precise measurement of this ratio and
0.98 1 1.021.04 1.06 1.08 1.1 the only such measurement at LHC

R(t/w)=B(W—>1v)/B(W—-uv)
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https://www.nature.com/nphys

LFV Using Z Decays

Nature Phys. 17 (2021) 819

+ Searching for LFV using Z decays to mutau or etau

Observed (expected) upper limit on B(Z — (1) [%x107°]

Experiment, polarization assumption et Ut

ATLAS Run 2, unpolarized t 8.1(8.1) 9.9 (6.3)
ATLAS Run 2, left-handed 7 8.2 (8.6) 9.5(6.7)
ATLAS Run 2, right-handed 7 7.8 (7.6) 10 (5.8)
ATLAS Run 1, unpolarized t 17 (26)

ATLAS Run 1+Run 2 combination,

. 9.5 (6.1)
unpolarized 7
LEP OPAL, unpolarized v 9.8 17
LEP DELPHI, unpolarized t 22 12

These results supersede the limits from the Large Electron—Positron
Collider experiments conducted more than two decades ago.

Major uncertainty still due to limited statistic
Systematic uncertainty dominant by tau reconstruction and calibration
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https://www.nature.com/articles/s41567-021-01225-z

CLg upper limiton o, -, [fo]

arXiv:2108.13391

Searches for Dark Matter with h(bb) + MET
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https://arxiv.org/abs/2108.13391

ATLAS-CONF-2021-040, ATLAS-CONF-2021-043

Searches for Heavy Resonance

+ Multiple BSM theories predict new gauge bosons at TeV scale to

.
address the hierarchy problem b ;T
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S e v" Search for right-handed leptophobic W’ with
the same coupling strength as SM'W
v Hadronic t identified from fat jets with DNN
tagger
v W’ mass below 4.4 TeV excluded
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v’ Search for up-type vector-like quarks
v" T mass below 1.8 TeV excluded


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-040/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-043/

ATLAS-CONF-2021-032

Long-lived Particles From Displaced Vertex

+ Several models (Higgs portal, hidden sector, SUSY) predict Higgs decays to long-
lived particles decaying to jets

+ In detector those events typically have 2 displaced vertex (DV)

+ Use a dedicated Muon Rol cluster trigger. Reconstruct tracks and DV from in
muon spectrometer

P f 3 -
: & TF :
S 7 S <
P S f o iy
=l X A0 e\ BRI T el
:’ 5 < f & &
\b i~ i D(125)-> 88 = 1% \b
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-032/

Summary

+ Many new results from ATLAS

+ Many works still ongoing to take full advantage of the Run 2
data

+ Improved CP. Rare SM processes. Searches for uncovered
signatures

+ Run 3 is also coming
+ Stay tuned
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) B flavour eigenstate can be identified through the K* - K~ 11* decay
, angular distribution given by:

1 d*r 9 [3(1-F 1-F
= ( L) sin’ Ok + Fr. cos? Ok + L sin? Ok cos 20¢
dl'/dq? d cos 0¢d cos Ok dpdg? 32n 4 4
-Fr cos> Ok cos20¢ + S3 sin’ Ok sin’ B¢ cos2¢ + S48in 20k sin 20, cos ¢

+S58in 20 sinfy cos ¢ + Sg sin’ Ok cos By
+87sin 20k sin @y sin ¢ + Sg sin 20 ¢ sin 20, sin ¢

+So sin’ Ok sin’ B¢ sin2¢|.

U the S parameters are translated into the PO parameters via

253 , Sj=4,5,7.8

Py = P;_
b R VRO -F)
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JHEP 06 (2021) 145, ATLAS-CONF-2021-037

Charged Higgs

+ Extended Higgs sectors with additional doublets or triplets
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