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LHC schedule and ATLAS Data Taking statistics
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ATLAS
Standard
Model
Measurements

in a nutshell

Standard Model Production Cross Section Measurements
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Standard Model Production Cross Section Measurements
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New ¢7 production cross-section measurement

at 13.6 TeV:

Inclusive tt cross-section O [pb]

Ratio wrt PDF4LHC21

‘ Recent top-quark properties measurements
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First observation of quantum entanglement in ¢7 pairs

» Measured using spin correlations

» Entanglement marker D = — 3 < cos ¢p >

« D

Particle-level D

- ¢ = angle between leptons in special rest frame

ATLAS
/s=13Te

L

Son

V, 140 fb'

7

"

Validation regions

] —-— Limit (Powheg + Herwig7)
---- Limit (Powheg + Pythia8)
mmm Theory Uncertainty
@ Data
@ Pownheg + Pythia8 (hvq)

B Powheg + Herwig7 (hva)

340 <mg<

380 380 < my <500 myg > 500

Particle-level Invariant Mass Range [GeV]

— 0.547 £ 0.002(stat) = 0.021(syst)
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Top-quark, W and Higgs mass measurements

f H

.

\
Y
,

.

_ ’\NVQ’\NV VD S AMAA AN~
W-boson, top-quark and Higgs Boson mass TIWNL I s riemnrne T "W
f'lf z|w z/w Z/W
interrelated in the SM hO, HO, A9, H* W
Tree level Loop corrections ('”\‘. M
W Wi A - /
y v W \%Y% 0 10
M2 V8ra(l + Ar b H .
M‘%V:TZH- 1 ~ G( 5 ) _ — 2018, (fitter
FMZ % L 68% and 95% CL contours m, comb. * 1o I,« 3
g 80.5 - M Fitwo M,, and m measurements ——2‘:20.1476222\?&\/ . =
E; E Fit w/o M,,, m and M, measurements |} T 0= 0460050, GeV 3
80.45 - I Direct M,, and m, measurements =
Probe the coherence of the SM results 804 |- .
) 80.35 |— 1" iué?fs';gﬁ 0.013 Gev
» Precise measurements needed - .
80.3 [ =
was = o
140f = I150 I1g0I 1;0 I I13!0I = I19I0I

m, [GeV]


https://link.springer.com/article/10.1140/epjc/s10052-018-6131-3

Top-quark mass measurement

ATLAS+CMS Vs=78TeV
) ) . . ATLAS+CMS combined e
ATLAS and CMS mass combination using 7, 8 TeV e stat
) ) ) ATLAS m, = total (= stat = syst) [GeV]
analyses in different final states L N o
all-jets 7 TeV —— 175.06 = 1.82 (= 1.35= 1.21)
. . . . dilepton 8 TeV F— 172.99 = 0.84 (= 0.41= 0.74)
» Using Best Linear Unbiased Estimator method (BLUE) leptonsiets 8 TeV . 17206-091 (039 082
all-jets 8 TeV —e— 173.72+ 1.15 (= 0.55= 1.02)
combined Ll 172.71= 0.48 (= 0.25+ 0.41)
CMS
m, = 172.52 = 0.14(stat) £ 0.30(syst) = 172.52 = 0.33 GeV || kpomiens Tev R atiss pranis
t
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arXiv:2403.15085

‘ W-boson mass and Width

Combined measurement of the W boson mass and
width
Using Run 1, 7 TeV data

» re-analysis with an extensive list of updates to reduce
the uncertainties

- Including PDF updates, improved p}” modelling and
improved fit

« my, = 80360 =+ S(stat) = 15(syst) = 80360 = 16 MeV
- Even closer to Standard Model expectations

o Ty, = 2195.8 + 32.2(stat.) + 34.1(syst.) = 2195.8 + 46.8 MeV

- Most precise Iy, measurement

Overview of m,, measurements
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-24/
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Couplings, mass, width,

_ invisible decays, Higgs
SM Overal Picture potencial

W, Z, top
Cross sections, W mass
and Width, ...

The Standard Model is a very successful theory, but there are many questions that have not yet have an answer....

Is the Higgs boson potential as expected?

Why is there more matter than anti-matter?
Are the Higgs coupling to SM particles as expected?
Is there CP-violation in the Higgs sector?

What is Dark Matter?
Is the Higgs coupling to Dark Matter?
Are there new decay modes of the Higgs boson?
11



SM Higgs Lagrangian after symmetry breaking
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An alternative
potential
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potential
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Current
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knowledge

0 1
¢
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https://www.nature.com/articles/s41586-022-04899-4

‘ Higgs Boson Mass

Fundamental parameter in the theory

Measured inthe H — yyand H - ZZ* — 4¢ decay

channels

» Considerable effort to improve the e/y/u calibrations in

Run 2

» ¢/y calibration uncertainty reduced by a factor of 2-3

= . momentum (resolution) precision down to 0.05% (0.1%)

Currently, most precise measurement:

my = 125.11 £ 0.09(stat.) £ 0.06(syst.) = 125.11 £0.11 GeV

Uncertainty < per-mill level (0.09%)

Phys. Rev. Lett. 131 (2023) 251802

ATLAS e+ Total Stat. only | Combination
Run1: /s =7-8 TeV, 25 fb~!, Run 2: \/s = 13 TeV, 140 fb~!
Total (Stat. only)
Run1 H — y F———e—1 126.02 + 0.51 (+ 0.43) GeV
Run1H — 4/ | —— | 124.51 £ 0.52 (+ 0.52) GeV
Run 2 H — vy e 125.17 + 0.14 (+ 0.11) GeV
Run2 H — 40 I—o—ll 124.99 + 0.19 (+ 0.18) GeV
Run 142 H — ~y 125.22 + 0.14 (+ 0.11) GeV
Run1+2 H — 4/ 124.94 + 0.18 (+ 0.17) GeV
Run 1 Combined  S— am— 125.38 + 0.41 (+ 0.37) GeV
Run 2 Combined I-OI-I 125.10 + 0.11 (+ 0.09) GeV
Run 1+2 Combined I—l-l 125.11 + 0.11 (+ 0.09) GeV
IIIlIIIIIIIIIIIlIIIIllllllll
123 124 125 126 127 128
my [GeV]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.251802

ATLAS Top-quark, W and
Higgs Bosons mass
compatibility

Electroweak fit without my, and m,

masses (grey) compared to the ATLAS

measurements of myy, m, and my

arXiv:2403.15085

— m,, =80366.5 + 15.9 MeV

B m,=17252 + 0.33 GeV
m,=125.11+£0.11 GeV

s 68/95% CL of m,, and m,

s 68/95% CL of Electroweak

Fit w/o m,, and m;,
(Eur. Phys. J. C 74 (2014) 3046)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-24/

Higgs Boson Width

SM prediction: I'y; = 4.1 MeV
Indirect measurement through the on-shell and off-shell

H — ZZ* — 4¢ production cross-section:

gI%IgggI%IZZ
“mzrz  On-shell
d 2 2 vla
Opp-H-2Z _ 9Hgg9Hzz
dMz, (M3, —m§)? + miT; 2 2
TagTIZ2 ot chell
(MZ))?

» Assumes that Higgs production follows SM prediction

New off-shell Higgs production cross-section measurement

» Signal/background interference requires very good MC modelling

» Observed (expected) significance: 3.30 (2.20)

Phys. Lett. B 846 (2023) 138223

L L L L L L L B L L BB

\(é’ 20-_ATLAS — - Obs-Stat.only
N F —— Obs-Sys ]
! 18:_On + Off-shell combined — - Exp-Stat. only
1613 TeV, 139 b —— Exp-Sys E

[ Obs-Stat. only: 1-1+g§ Exp-Stat. only: 1.0*3'2 9

14 obs-sys: 1.1°%7 Exp-Sys: 1.07%¢ 3

C ys: 11 o6 Xp-Sys: 1.0 o .

12F =

10

[y =4.5573 MeV

Observed (expected) 95% CL limits:
0.5(0.1) < I'y; < 10.5(10.9) MeV
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https://www.sciencedirect.com/science/article/pii/S0370269323005579?via=ihub

Nature 607 (2022) 52-59

Higgs boson
co u p I i n gs ATLAS Run 2 |ed Data (Total uncertainty) Syst. uncertainty ¥ sM prediction
: : tH | I I | I I I I : |:_..E:_| : I | I I
combination = Bl i R ()
ggF+bbH ' P $ ] +
. VBF h é HH
Direct measurement wi| W 2 L 2
ZH *l & g a HeH
of 6 X BR T T T 1T
bb ww TT Y4 Yy MU

6 x B normalized to SM prediction

Good agreement with SM expectations (p-value 72%)
Improved precision:
Cross section: 7-12%

16

Branching fractions:10-12%



https://www.nature.com/articles/s41586-022-04893-w

do/d(y,) [fb]

Pred. / Obs.

Recent cross section measurements

Total and differential cross-section measurements performed

in different decay channels and for different variables

» Overall agreement with expectations within uncertainties

Eur. Phys. J. C 84 (2024) 78
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-49/
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arXiv:2402.00426

Relative sign of the HWW and HZZ
couplings

Vector boson fusion production of WH pairs disfavoured by the SM due to
cancellation of two different contributions

» Could be enhanced with opposite relative sign

ATLAS Search for VBF WH production with H — bb

Events / 10 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-21/

An alternative
potential

Standard Model
potential

Higgs self coupling

40

Higgs field value
in our Universe

Current

= Determine the shape of the Higgs potential

experimental
= knowledge
L 5 5, 1.4 0 3
_mhh + /13‘;}1 + 2/14}1 G. Salam, L. T. Wang, J. Zanderighi
o D|—H|ggs production
g 9999999999999 S RREEEEEEE H g H
Kt f ooi(pp = HH) = 31.05 +19 fb
A \ "_I-f".:/
. \ (Destructive interference in the SM)
9 9999999999998 < AL H g H

v H GVBF(pp—>HH)—172 +04 fb

19



https://www.nature.com/articles/s41586-022-04899-4

‘ Di-Higgs production

Updated results in some channels:

« bbyy: obs (exp) 95% CL limit on puy: 46 (50)

« bbbt obs (exp) 95% CL limit on pyy: 5.96 (3.20)
ATLAS di-Higgs search combination with Run 2 data:
« Using bbbb, bbyy, bbtt, multilepton and bb£¢ + EIN™

>
o

Observed 95% CL constraints <

Best expected sensitivity in k;

-12<k;, <72
0.57 < kyy < 1.48

ATLAS-CONF-2024-006

6| HH combination

— Obs. 95% CL

=== Exp. (SM) 95% CL ¥¢ SM prediction

e S i B
5 10 15

# Bestfit (43,092 |

. —e— Observed limit (95% CL)
ATLAS Preliminary Expected limit (95% CL)
VS =13 TeV, 126—140 fo-! (ur# =0 hypothesis)
[0 Expected limit 10
sM
o] HH)=32.8 f
agr -+ ver (HH) = 32.8 o 1 Expected limit +20
Obs. Exp.
bbat + Emiss | { 10 14
Multilepton— { 17 1
bbbb}— * 5.3 8.1
bhyyl { 40 50
bbbttt |- { 5.9 33
Combined— 29 2.4
1 1 I L 1 | l Ll 1 1 I Ll 1 1 I Ll 1 | l Ll 1 1 I |- I L1 | l 1
o UL T ‘or‘nbir"ed‘ T ‘bl}‘ ] 0 5 10 15 20 25 30 35 40
- ATLAS Preliminary L — Mitopen — e 1 95% CL upper limit on HH signal strength iy
[ VS=13Tev, 126140t [N T ]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-006/

Probing the Standard Model of Particle Physics at the LHC

SM Overal Picture

W, Z, top
Cross sections, W mass
and Width, ...

Searches for new Physics
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‘ EFT interpretations of the Higgs measurements

Effective Field Theory interpretation
» Extend the SM Lagrangian with additional operators

Na=¢ Nd8b

Lsmverr = Lsm + Z 0(6) +

OSMEFT = OSM + Oint + OBSM,

¢; = Wilson coefficients

0= operator of dimension n

8
J 0( ) cee A = new physics scale

» Calculate cross-sections:
i(NLO  _i,(N)LO

» To reduce perturbative QCD uncertainties, use ratios:
i _ __i,(0WN)NLO int BSM
OSMEFT = Osm X1+ %ot oo
Tsm Tsm

ATLAS EFT interpretation:
» Measurements from 17 different papers from all channels used in the combination

» Using ~50 dimension-6 CP-even dominant coefficients
22
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ATLAS
V5 =13TeV, 139 tb~", my, = 125.09 GeV SMEFT A =1TeV
.

. .H~>77
H— Zy
HH - ww* = iy
H— 2ZZ* — 4l
HH - bb
| HH-
[TH = up

ATLAS EFT Higgs
interpretation

decay

1] ggF
W vsr
OwH
dzn
OetH

tH
Binclusive

Expected contribution

production

Linearised model N e o _
Compatibility with the SM = 94.5%  |R IR ! g
Most parameters still dominated by u o 32 ;
statistical uncertainties £ [

|
m But systematics might go up ) o| o e o) |  pmsasn |
to 50% in some cases i i [ i 1 I
t——| e

- —— - -
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‘ Searching for CP Violation in the Higgs sector

Barion asymmetry of the Universe: still a mystery Example 00 in H — ZZ% — 4¢
Combined results demonstrated H to be mainly CP-even scalar JHEP 05 (2024) 105
8 o018
» There is still room for CP violation in the Higgs couplings S ol ATLASSimulation )
S [ Hozz'o4 99F.cz =15
2 M s=13Tev ~—ggF SM
& o2 115GeV<m,<130Gev ggF.c s=-15
- - - - R
Searching for CP-odd components in the Higgs couplings 5 F
» Using CP-sensitive observables Sofranee i oo

- Angular variables

_ 2Re(M G M cp_paq)

- Optimal observable: ) )
| A 5]

BSM/SM

> > >
6~ | Mgy + Mcp_oaal” = | Mspy|"+ | M cp_oaq|™ +2Re(ME M cp_paa) N
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‘ Searching for CP Violation in the Higgs sector

Yukawa couplings

Coupllngs InVOlVIng vector bosons » Typically parameterized with a mixing angle

m
sk u __rT — . J
H— 7Z7% - 47 JHEP 05 (2024) 105 . Lz K (cos ¢ TT +sin ¢ TiysT)H
. —> TT
Expected: Stat+Sys .

ATLAS* —a— Observed: StatsSys Using angular observables
VI-—l_1)SZTZV1_)3941:l|)'1 [m] Observed: Stat-Only 15 2:"”“”“"' L
s=13Te r ) ]
. . 1.8 + Bestfit —-1o
SMEFT CP-odd couplings X SM PSRN
BestFit ~ 95% CL 1.6 T E
C,5 . 0078 [-061,0.54] 1-4? i
5 1.2) 7
Cws " -0.017  [-0.97,0.98] F \ ]
] 1 i 3 -
Cui » 06  [-0.81,154] 0.8 f— '-\\ } —f
q i x10  -0.003 [-0.026,0025] 0.65— e _f
¢, : ——a——3 o078 [12175] 0.4F E

5 : - ATLAS Preliminary

C.y 3 0083 [-0.84,0.83] 0.21 (5= 13 Tev, 139 b E
- : S S T R P P
Cry . . W ‘ 0083 [099,0.93] 0 -80 -60-40-20 0 20 40 60 80
05 0 05 1 15 2 25 Eur. Phys. J. C83(2023)563  *:

Parameter value
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

August 2023 Vs=13TeV
Model Signature  [Ladt (b Mass limit Reference
. G-4%) 0e 26jets e 140 1.85 m(i)<400 GeV 2010.14293
% mono-jet  1-3jets  EP™ 140 | g [8x Degen] 0.9 m(g)-m(¥})=5 GeV 2102.10874
Sz -t Oepu 2-6jets  EP 140 z 23 m(Ph=0GeV 2010.14293
S z Forbidden 1.15-1.95 m(E})=1000 GeV 2010.14293
% 2. gV Tep 2-6 jets 140 | % 2.2 m(¥})<600 GeV 2101.01629
_0>) 22, gaqq([[’)}(‘ ee, 2 Je.\s E“‘ff‘ 140 z 2.2 m(,?,)<7oo GeV 2204.13072
@ 22, gﬁquml 0epu 7—11 jets  EP™S 140 z 1.97 m(¥}) <600 GeV 2008.06032
% SSe.pu 6 jets 140 |z 115 m(g)-m (x‘,); 200 GeV 2307.01094
£ @t 0-1ep 3b Ep™ 140 | & 245 m(¥})<500 GeV 2211.08028
SSe.pu 6 jets 140 |z 1.25 m(g)-m(¥1)=300 GeV 1909.08457
biby Oep 2b EPS 140 | By 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527
™ asg bb by1—b¥> — bhi) Oep 6b Eps 140 | By Forbidden 23-1.35 1908.03122
] % 27 2p  EMS 140 | B 0.13-0.85 2103.08189
a r I c e S %ﬁ i fiod Otep  =ljet  EMS 140 |7 1.25 200414060, 201203799
: 8 0 HWbT, Tep Bjetst b EP™ 140 A Forbidden 1.05 2012.03799, ATLAS-CONF-2023-043
S iy, 1 —=1by, T1—1G 127 2jets b EP™ 140 i Forbidden 1.4 2108.07665
T L AR, ool /e, ek Oe,u 2¢ E%:"S 361 |z 0.85 1805.01649
aT Oeu mono-jet  EP* 140 h 0.55 210210874
Tii1, i =189, X5 —Z/h¥) 12en  14b  EPS 140 | 0.067-1.18 2006.05880
b, hoh +Z Bepu 15 EPMS 140 |5 Forbidden 0.86 m(¥})=360 GeV, m(f,)-m(¥})= 40 GeV 2006.05880
TS viawz Multiple ¢/jets . 140 [/ 0.96 #)=0, wino-bino 2106.01676, 2108.07586
o ee, > 1jet 140 [ /K, 0.205 meFi)- mpm 5 GeV, wino-bino 1911.12606
Nothing observed ] vaww 2 e wo |@ 0a2 -0, v Jeneseats
RS via Wh Multiple £/jets m 140 | ¥E/RY  Forbidden 1.06 m(E})=70 GeV, wino-bino 2004.10894, 2108.07586
. G vialy 2epu Ems q40 [ FF 1.0 m(Z,7)=0.5(m(¥})+m(¥}) 1908.08215
2§ = 77k 27 Eps 140 [ENERFRENeEa) 0.48 m(i.) 0 ATLAS-CONF-2023-029
WS 7 plig, i-60 2epn Ojets Ea"‘ 140 | 0.7 mE)=0 1908.08215
U to n OW e >ljet  Ep™ 140 |7 0.26 m(@)-m(E)=10 GeV 1911.12606
p LILAL AH, H—hG[ZG Oep 23b  ERS 140 | A 0.94 R - 1G)=1 To appear
4ep 0 jets E 140 i 0.55 BF!()?‘A — ZG)=1 2103.11684
Oep > 2large jets E| 140 | & 0.45-0.93 BH(ANQ - 2G)=1 2108.07586
2epu >2jets  EPS 140 i 0.77 BR( — 26)=BR(Y! — hG)=0.5 2204.13072
Direct ¥} ¥, prod., long-lived X7 Disapp. trk  1jet  EM® 140 {r: 0.66 Pure Wino 2201.02472
3 S 0.21 Pure higgsino 220102472
»
= % Stable g R-hadron pixel dE/dx EP's 140 g 2.05 2205.06013
©E Metastable z R-hadron, F-qqt" pixel dE/dx EP's 140 | & [r(@ =10ns] 2.2 2205.06013
§ 8 -6 Displ. lep Eps 140 |&i 0.7 201107812
~ k4 0.34 2011.07812
pixel dE/dx EMs 140 |7 0.36 2205.06013
A‘r‘)‘(l /)2| Ko ze—eet e 140 Pure Wino 2011.10543
pere /)(‘z - WW/Zm"[vv dep Ojets  EP™ 140 m(£})=200 GeV 2103.11684
=8 jets 140 225 Large A7), To appear
N Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
% >4 140 Forbidden m(F;)=500 GeV 2010.01015
2jets +2b 36.7 0.61 171007171
hi, h—qt 2epu 2bh 36.1 0.4-1.45 BR(f;—be/by)>20% 1710.05544
Tu bv 136 1.6 BR(71 —qu)=100%, cos0,=1 2003.11956
T RIS, 1), —otbs, X{ —bbs 12eu  >6jets 140 & 0.2-0.32 Pure higgsino 2106.09609
L " L " PR SR " L " " 1
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV] 27

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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‘ Selected Summary Results from SUSY Searches

Limits from simplified models featuring the decay , .
: : _ Searches for top squark (stop) pair production
of the gluino to the lightest supersymmetric

particle 4
\[_ 8,13 TeV, 20.3-140 fb August 2023

l T T T I T T T | T T T | T
ATLAS Preliminary
tt, production, limits at 95% CL

= Observed limits

Vs=13TeV, 36.1 - 140 o' March 2023

> ]

[) [ G- qax, 0lep.[2010.14293] .. .
(.2.3500 G- bbY, 23 biets [2211.08028] ATLAS Pre“mmarY—
°z><

- = Expected limits

Data 15-18,¥s = 13 TeV, 140 fb
== monojet, T, - bif’ i?

r >3 b-jets + 22 lep. SS[2211.08028, 1706.03731] [2102.10874]

~ 0 ~0 ~0
C G AW, 0lep. + 1lep. [2010.14293, 2101.01629) FZL‘;;‘ATA:QO/]"%W"'/“W’"
()0 .
e 3000_g—>qq2 x1 2 lep. OS SF [2204.13072] L T T S bWE /T - it
[ g— quZy >7-12jets + 1lep. + 22lep. SS [2012.03799]

[2008.06032, 1708.08232, 2307.01094]
> q@livv)i] via U5 2lep. OS SF +2 2 lep. SS [2204.13072, 2307.01094]
> 11 [1808.06358]
> 19[2206.06012]

LN, o 1/ o bW,
[ATLAS-CONF-2023-043]

— 2L, o T bW /T i 7
[2102.01444]

«:

Colours indicate different models
Observed limits at 95% CL

Data 15-16,¥5 = 13 TeV, 36.1 fb
=1 aﬁ? 1,- bwif/L bff if
[1709.04183, 1711.11520,

Cov o v Py

.

—

Eeoc v b b b b Py v

) AN A

10001200 14001600 1800200022002400

m(g) [GeV]

1000 1200
m(,) [GeV]

400 600 800

1708.03247, 1711.03301]
P
oty
[1903.07570]

Data 12,45 =8 TeV, 20.3 b "'
= a(i? 1,- bwi?/i| S bff i?
[1506.08616]
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Search for

Exotic
Particles

Nothing either...

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Exotics

Summar Plots

ATLAS Preliminary

Status: May 2020 JLdt=(3.2-139)fb! \s=8,13TeV
Model by Jetst ET™ [ram] Limit Reference
T T — T T T T T — T T —T
ADD Gkk +g/q Oeu 1-4j Yes 36.1 Mp 7.7 TeV 1711.03301
€ ADD non-resonant yy 2y - - 36.7 | Ms 8.6 TeV HLZ NLO 1707.04147
S ADDQBH - 2j - 37.0 | My 8.9 TeV 6 1703.09127
< ADD BH high ¥’ pr >len >2j - 3.2 M 8.2 TeV 6, Mp = 3 TeV, rot BH 1606.02265
g ADD BH multijet - >3] - 36 | My 9.55 TeV , Mp = 3 TeV, rot BH 1512.02586
J | RS1Gkx =y 2y - - 36.7 | Gkk mass 4.1 Tev k/Mp = 0.1 1707.04147
®  BukRS Gux » WW/ZZ multi-channel 361 | Gk mass 2.3 TeV k/M, 1808.02380
ES3 Bulk RS Gyx — WV — (vqq Teu 2j/14J Yes 139 Gkk mass 2.0Tev k/'M, X 2004.14636
W BukRS gkk — tt leu >1b,>1J/2 Yes 361 | gxkmass 3.8TeV r/m=15% 1804.10823
2UED/ RPP ey 22b2>3j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMY — tt) =1 1803.09678
SSM Z" - ¢t 2ep - - 139 | 2" mass 5.1 TeV 1903.06248
SSM Z" — 17 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
®» Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
g Leptophobic Z" — tt Oeu >1b>2J Yes 139 Z’ mass 4.1 TeV Mm=1.2% 2005.05138
8 ssMwW -ty lep - Yes 139 | W’ mass 6.0 TeV 1906.05609
8  sMW o 1 -~ Yes 361 |Wmass 3.7 Tev 1801.06992
8, HVT W’ —» WZ — fvggmodel B 1e,pu 2j/14J Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
g HVT V' - WV - gqqq model B O e, u 2J - 139 V' mass 3.8 TeV gv =3 1906.08589
(6] HVT V' —» WH/ZH model B multi-channel 36.1 V' mass 293 TeV gv =3 1712.06518
HVT W’ — WH model B Oep >1b>2J 139 W’ mass 3.2Tev gv =3 CERN-EP-2020-073
LRSM Wk — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM Wg — uNg 2u 1J - 80 Wg mass 5.0 TeV m(Ng) = 0.5TeV, g = gr 1904.12679
_ Clqqqq - 2j - 370 |a 21.8TeV i, 1708.09127
QO | cCltgq 2ep - - 139 |A 358TeV. . CERN-EP-2020-066

Cl tttt >leu 21b21j Yes 36.1 A 2.57 TeV |Cael = 4n 1811.02305
Axial-vector mediator (Dirac DM) Oepu 1-4j Yes 36.1 Mpped 1.55 TeV 8¢=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
= Colored scalar mediator (Dirac DM) 0 e, 1 1-4]  Yes 361 | Mme 1.67 TeV g=1.0, m(y) = 1GeV 1711.03301
Q VVyyx EFT (Dirac DM) Oe 1J,<1j  Yes 3.2 M. 700 GeV m(x) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,u 1b,0-1J Yes  36.1 my 3.4 TeV y =04,1=02, m(y) =10 GeV 1812.09743
Scalar LQ 1 gen 12e >2j Yes 36.1 LQ mass 1.4 TeV B=1 1902.00377
QG  ScalarLQ 2" gen 12p >2j Yes  36.1 LQ mass 1.56 TeV p=1 1902.00377
= ScalarLQ 3" gen 27 2b - 36.1 LQ; mass 1.03 TeV B(LQy - br) =1 1902.08103
Scalar LQ 3" gen 0-1epu 2b Yes 36.1 LQg mass 970 GeV B(LQY - tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X  multi-channel 361 | Tmass 1.37 TeV SU(2) doublet 1808.02343
> VLQ BB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 Tev SU(2) doublet 1808.02343
3% VLQ Ts/3Ts/3lTsy3 = Wt 4+ X 2(SS)/23eu>1b,>1] Yes 361 | Tssmass 1.64 TeV B(Tsi3 = We)= 1, ¢ TosWe)= 1 1807.11883
I g VY- WhtX lep >1b>1 Yes 361 [Ymass 1.85 TeV B(Y - Wb)=1, cr(Wb)= 1 1812.07343

VLQ B — Hb+ X Oeu,2y >1b,>1 Yes 79.8 |Bmass 1.21 TeV kg=05 ATLAS-CONF-2018-024
VLQ QQ — WqWgq Tleu >4j Yes 20.3 1509.04261
.8 (é’ Excited quark ¢* — qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
25 Excited quark g* — qy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
E £ Excited quark b* — bg - 1b1j - 36.1 b* mass 2.6 TeV 1805.09299
W @ Excitedlepton ¢* 3enu - - 20.3 A =3.0TeV 1411.2921
Excited lepton v* Beput - - 20.3 AN=1.6TeV 1411.2921

Type Il Seesaw Tepu >2j Yes  79.8 | N®mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2p 2j - 36.1 Ng mass 3.2TeV m(Wg) =4.1TeV, g1 = gr 1809.11105
&  Higos triplet H** — ¢¢ 234eu(SS) - - 36.1 | H** mass 870 GeV DY production 1710.09748
£ Higgs triplet H** — (1 3eut - - 20.3 DY production, B(H;* — (1) =1 1411.2921
o Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37TeV DY production, |g| = 1gp, spin 1/2 1905.10130

Vs=13 TeV Vs=13 TeV PR | L L MR R | " L MR E | L " PR
a -1
partialdata  full data 10 1 10 Mass scale [TeV] 29

*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).
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Indirect detection
-—

f ! X
‘ Search for Dark Matter l .
f ider :roduction * D -S:I;

There is compelling cosmological evidence for the existence
of Dark Matter

8
» Yet, we don't know anything about it q\g»//x 7

bowe e\

Searches at colliders are complementary to direct/indirect
observations
Simplified models

» DM assumed to be a Dirac fermion WIMP y
» New particle mediator coupling y to the SM

» Minimal set of parameters {M,, ., M, 8, 8y gs}




m, [TeV]
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‘ Dark matter searches

Few selected results
Higgs Portal WIMP

95% CL exclusion limits for DM leptophobic vector o
90% CL limits from H — invisible decays

mediator simplified models
1.6

C -| 'L T T T ] _Djjet 5 T T LB B R — T T
- ATLAS Preliminary 1 o g B ATLAS - By n <0.093
1.4H\s = 113 Tev’ 29|3-139 fb_1 & — Diet TLA, 293 10" '—C‘ N 4 = Alllimits at 90% CL
 July 2023 % 1 e S 10 B ™S 5= 7TeV, 475"
C - bb resonance | [ — ] A 2 = N a3 .
1.0F = S e S il \\ Vs= 8TeV, 203"  Higgs Portal WIMP:
. g 8 I v g = L E=13TeV, 139f' < ---- Scalar
1 B g g 3/\ 7 ATLAS-CONF-2018-052 = 1 0_4‘1 — \‘v —
L S S o 7 — = L — Majorana
C 3 3 of 7 1 = ttresonance (1L F B
C ° S| & 1 s ) © 2 B Vector
0 8 - = e &% _ EPJC 78 (2018) 565 — y . — EFT
r < 1 — ttresonance (0L) 1074 E g - --- Vector,
B j ] 13910 H A - T UV model, . = 0.2
0 6 o 7 ] JHEP 10 (2020) 061 .
C . ” 1 = b resonance m, = 65 GeV_..- Other experiments:
L Dijet i 13910 1074° Pl — - Xenon1T-Mig
0 4 — —] JHEP 03 (2020) 145 R
r 1 — gmss,x 1 - DS50-MigNQ
0ok Vedtor mediator, Dirac DM &ss 1w 3 — - DS50-MigQF
— - PRD 103 (2021) 112006 T
e 9,70259 =009 =1 1 .. .. 10758 - - --- PandaX-4T
iipeassion | § h 3 e e
JHEP 10 (2018) 180
0 25 3 35 4 EF=+2(1), 139 fb”! ~1 2 3
PLB 829 (2022) 137066 1 0 1 1 0 1 0 1 0
m,. [TeV] e
v Mywe [GeV] 31
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Summary and conclusions

ATLAS is exploiting the Run 1, Run 2 and Run 3 pp collisions data with a comprehensive
physics programme
» Standard Model measurements

» Searches for new physics

Measurements of the Higgs Boson are probing the Standard Model prediction and
constraining new physics models

Direct searches for new physics have not yet shown any evidence for new particles

However the HL-LHC period will provide a 10 fold increase in statistics

» Increased precision and sensitivity to new physics

32



Acknowledgments:

. Fundagio
REPUBLICA F C T Por & et
PORTUGUESA e a Tecnologia

33



fid
ol x B(X— W)gs% o [fb]

ATLAS Search for low mass yy resonances
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