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The ATLAS detector ATLAS

EXPERIMENT

25m ‘R
____________ N\ monse
--------------- Toroid magnets LAr eleciromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker

* Solenoidal magnetic * High resolution silicon ~ * Good coverage

field (2T) in the central detectors permits

region — momentum reconstruction of

measurement * Granular EM and Had missing transverse

calorimetry momentum

* Energy meas. doyvn to . Ind 4 through object

~1°to the beamline ndependent muon reconstruction
spectrometer

= 2

THE UNIVERSITY
o ADELAIDE




LHC data ATLAS

EXPERIMENT

Extremely successful Run 2 (2015 - 2018)

Dataset is a goldmine for physics, Run 3 with increased energy

containing large samples of every known \

particle in the Universe! e N
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Detector Performance

ATLAS

EXPERIMENT

Results from Run 2 only possible thanks to excellent understanding of detector
performance, and development of reconstruction and identification algorithms
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WWW Production ATLAS

EXPERIMENT

ekl
- . . —1F Fw 2
« Rare process providing access to W/Z self-interactions ~ ~5™ =i Thu b ivh "’“’”y’f"’fqb the+ [DgI = Vg)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-039/

EXPERIMENT

WWW roduction ATLAS

- \\ candidate event
\ ./ e WH(€7V) W) W)
\ - e

/ & -
Val L . -
R\ § 4
, N :
-~ - \ 1 <
- Ve
4 NS S A
N \t
e 5\
- \'k\
i oy
. &
/
- |
-
& \
” |
~ \
" \
¥ \

EXPERIMENT

Run: 349169
Event: 1043374730
2018-04-30 01:58:32 CEST



.:..

5
/

THE UNIVERSITY
o ADELAIDE

Top



top-quark production

ATLAS

EXPERIMENT

e Run 2: ~1.2 x 108 ¢f produced

Lom = —7F " quww,yuwjlp +he+ | D, |° - V(g)

« Test SM at high p“’p where deviations expected from BSM, measure both 7 system and radiation

o SM predictions at NNLO QCD + NLO EW

e |+jets channel: tt - Wb Wb — £vb qq'b

o Reconstruct hadronic top as reclustered R=1.0 anti-kt jet
w/ p; > 355 GeV, |n|<2.0, and mass € 120-220 GeV

o Reduce jet energy scale uncertainties by usmg mass

of reconstructed hadronic top

—> jet energy scale factor

tot

—> ~30% reduction in o

o Differential cross sections

provided for 16 variables
(8 for the first time for boosted top quarks)
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L r 13 TeV 139 fbr 1 — PWG+PY8 === PWG+PY8 (nnlo rw.) _
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E iE
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o Difficult for NLO evt generators
to model additional radiation

wxyxmnwxy/yﬂ/y«/wﬁfi//f//f%///%////////% o) ConStralntS placed on EFT

operators O, and @(8)

ATLAS-CONF-2021-031 8



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-031/

top-quark measurements

Top pair production cross-section @ 5 TeV
260 pb-1 dataset recorded in run 2
Dilepton and lepton+jets final states

o(tt) = 67.5+0.9 (stat) +2.3 (syst) +1.1 (lumi) 0.2 (beam) pb
4% accuracy (prediction 68.2 + 4.8 *°, 5 pb)
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Single top + photon observation

Ofid =

prediction: 406+2°_5, fb

Events

Data / Pred.

580 =19+ 63 fb
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T ATLAS Preliminary @ Data Oy
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2000F > 1§ SR Bwy +jets IZy +jets

1800:— Post-Fit He-v [l Other prompt ¥
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1600—

1400

|
7 Uncertainty —

+ evidence of single top s-channel production at 13 TeV
+ charge asymmetry in ttbar+photon events
THMW + several searches probing all possible top FCNC couplings
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Higgs boson measurements ATLAS

EXPERIMENT

__H—yyFullrun 2 dataset

—— Signal + Background

$ 500 ot ATLAS = Precise mass measurement using H—4|
3 C Vs=13TeV, 139 0"
20001~ Background m,=125.00GeV Event-by-event resolution, DNN for S/B separation,

Al categories precise muon and electron momentum calibration
In(1+S/B) weighted sum

S = Inclusive

mH =124.94+0.17(stat.)+0.03(syst. )GeV

Sum of Weights
= o
o o
o o

(combined with run 1 data)
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Higgs boson coupling measurements

Total cross-section / Standard Model prediction
u=1.05+0.06=1.05+0.03 (stat.) +0.03 (exp.) = 0.04 (sig. th.) +0.02 (bkg. th.).

(benefits also from reduced theory uncertainty)

run 1 run 1 run 2 run 2
q 49 w/z th
tb/c e e g
thich  Dmmmm== H  Yecee- H L Demeen H
tb/c w/z \ g
q q H b
Measurements per production mode * decay channel:
ATLAS Run 2 e Data (Total uncertainty) SystA uncertainty [FI¥ sM prediction New
T T T T T T T T T 7I5 (IJ ? 1I0 T LI
= H'_E 1 HET' 1
|
ttH I I-!'I I el
ggF+bbH o P ¢ ] +
VBF h * |- b@
WH - - —e—
e —=—
2 . 52— HH
1 1 1 1 1 1 1 1 1 1 1 1 11 1
0 1 2 i 20 8 A 0 1 2 1 2 3 0 1 2 0 12 3 4
bb ww zZ 144 u
Nature 607 (2022) 52 6 x B normalized to SM prediction
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Coupling modifier interpretation
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Searching for di-Higgs production

ATLAS

EXPERIMENT

* Probe Higgs self-interaction and Higgs potential JH
* Main challenges P
+ Very small cross-section 32.7 fb ( <1/1000 of single H) o
* Negative interference between main contributions i
+ Compromise between statistics and S/B: H
(H—bb).(H—yy or Tt or bb) Ky
+ Sensitivity with full run 2 data set significantly improved and s I H
run 3 should bring us close to claiming evidence
— observed fimi ATLAS-CONF-2022-050 A
ATLAS Preliminary served iimit
Vs =13TeV, 126—139 fb-! - l(ifpedgcqu;/lg;:hesis) "
’ HH = g 9999999999909 «—O- - H
Ogot+ ver(HH) =327 fo I Expected limit +10
1 EXpeCted limit +20 < 10 T 1 T 1 L e e e L L
c | ATLAS Preliminary — Hxonl i
Obs.  Exp. ~ | vs-13Tev, 1261391 rony ]
: = HH k) only
I 8 Observed _
bbyyf 4.2 5.7 N —— HH+Hkyonly |
; - HH + H &, only: HH + H x, generic
. L 6 95%: K» € [-0.4,6.3] |
bbT* T \ 4.7 3.9 - HH + H k), generic: .
) B 95%: Ky € [-1.3,6.1] T
bbbbl- { 54 8.1 s \ N ) o _
Combined|- 24 29 B .
coadso b b b b by 2_ l
0 5 10 15 20 25 30 : :
95% CL upper limit on HH signal strength Ly | |
I | | |
0—5 0 5 10 15
K
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/

Di-Higgs production ATLAS

EXPERIMENT

H(bb) H(TT)

- “p ¥ candidate event ATL AS

’ Y A EXPERIMENT

| Run: 351223
) | Event: 1338580001
5 2018-05-26 17:36:20 CEST
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SUSY searches ATLAS

EXPERIMENT

Electroweak SUSY production is challenging: smaller cross sections.
Helped by new techniques, and combinations, and full Run 2 datasets.

v /T vy [T
T/vr | T/vr
X0 X
- NG R
T/Vr /v, P
vr|T T/ve T ATLAS-CONF-2022-042
eIt o EOg I e S
8 E ATLAS Prellmlnary SR-C1C1-combined 8 B ATLAS Pre“m'nary - Expected comb. limit (+1 o) i
—_ _ 700 :_ r 13 TeV 139 fb° 1 ‘_°1;<" 1 000 __ r 13 TeV, 139 fo~ -1 — Combined observed (+1 G(Shtle;;) __
o< U Expected Limit (1 6,,,) = i S5 observed ]
S 600_nL(m +M, )/2 L My =My 56 expected i
. s SUSY L mo=(m,+m. /2 expecte: _
© AlimisatespcL T Observed Limit (1j5) B00F- mrimimerss oo —— oS bsened .
500:_ ’ B - OS expected i
400 600 .
300 a00f- i
200F - ]
- 200 —
100 B ]
O: ||\|||||||.|\|||:|?|| O_I.Illllllllllllllllllllj"lilll_
0 200 400 600 800 1000 0 200 400 600 800 1000 1200 1400
m,: [GeV] m..m, [GeV]
1 %,
—a ATLAS: Gaugino pair prod.— final state taus. Into compressed region.

&, Light staus: interesting for u g-2 & mW anomalies, and dark matter. ¢
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-042/

Searches for Heavy Resonances

Many searches reaching few TeV sensitivity in mass

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

ATLAS Preliminary

Status: July 2022 [£dt = (3.6 -139) fb! V5=8,13TeV
mi _
Model ty Jetst ET™ frdifm] Reference
— T — T T — T T —

g ADD Gkk +g/q Oe,ut,y 1-4j Yes 139 Mp 112TeV n—=2 2102.10874

.S ADD non-resonant yy 2y - - 367 | Ms 86TeV  n=3HZNLO 1707.04147

2  ADDQBH - 2j - 139 | M 94TeV n= 5 1910.08447

@ ADD BH multijet - >3] - 36 | M 9.55TeV  n =6, Mp = 3TeV, ot BH 1512.02586

£ RS1Gkk >y 2y - - 139 | G mass 45TeV /Mg = 0.1 2102.13405

" BulkRS Gyx — WW/ZZ multi-channel 361 | Gu mass 2.3TeV k/Mp =10 1808.02380

g Bulk RS Gkx — WV — tvqq e, 139 Gkk mass. 2.0TeV k/Mp;=1.0 2004.14636

x< Bulk RS gk — tt Tepu 36.1 8Kk mass 3.8 TeV rim=15% 1804.10823

w 2UED / RPP lepu 36.1 KK mass 1.8 TeV Tier (1,1), B(ADD — ) = 1 1803.09678

SSM Z’ — ¢t 2epn - - 139 [Z"mass 5.1TeV 1903.06248

SSM Z’ — 1T 27 - - 36.1 Z’ mass 242 TeV 1709.07242

g Leptophobic Z’ — bb - 2b - 36.1 Z' mass 21 TeV 1805.09299

S Leptophobic Z’ — tt Oepu 21b2>2J Yes 139 Z’ mass 4.1 TeV Fim=12% 2005.05138

8  ssMw -y Ten - Yes 139 | W’ mass 6.0 TeV 190605609
Q SSM W’ — 1v 17 - Yes 139 W’ mass 5.0 Tev ATLAS-CONF-2021-025
S SssMwW -t - 21b21J - 139 | W mass 4.4TeV ATLAS-CONF-2021-043

S HVT W’ —» WZ — fvqgmodel B 1e,u 2j/1J  Yes 139 | W’ mass 4.3 TeV gv=3 2004.14636
g HVT W’ — WZ — v ('t modelC 3e,u 2j(VBF)  Yes 139 | W' mass 340 GeV gven=1,g=0 ATLAS-CONF-2022-005

HVT W’ — WH — fvbbmodel B 1e,u 12b,1-0j Yes 139 | Wmass 3.3 TeV av =3 2207.00230

HVT Z' — ZH — {t/vvbb model B 0, 2 epn 12b1-0j Yes 139 | 2’ mass 3.2TeV gv=3 2207.00230

LRSM Wg — uNg 2u 1J - 80 | Wg mass 5.0 TeV m(Ng) = 0.5 TeV, g = 1904.12679

Clqqqq - 2j - 370 |A 21.8TeV 1703.09127

Clttqq 2ep - - 139 A 35.8TeV 7, 2006.12946

Cl eebs 2e 1b - 139 | A 1.8 TeV &= 2105.13847

Cl ppbs 2u 1b - 139 A 2.0TeV g =1 2105.13847

Cl tttt >tep 21b>1] Yes 361 A 2.57 TeV 1Cael = 4m 1811.02305

Axial-vector med. (Dirac DM) Oep1y 1-4j Yes 139 Mpned 2.1 TeV 84=0.25, g,=1, m(y)=1GeV 2102.10874

= Pseudo-scalarmed. (DiracDM) Oeu 7,y 1-4] Yes 139 | Mimea 376 GeV. £a=1, g=1, m(x)=1 GeV 2102.10874

Q  Vector med. Z’-2HDM (Dirac DM) 0 e, 2b Yes 139 | Mmea 3.1 TeV tanf=1, g7=0.8, m(x)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 Mimed 560 GeV tanf=1, g=1, m(y)=10 GeV ATLAS-CONF-2021-036

Scalar LQ 1 gen 2e >2j Yes 139 LQ mass 1.8 Tev B= 2006.05872

Scalar LQ 2™ gen 2u 2] Yes 139 LQ mass 1.7 TeV. B=1 2006.05872

O ScalarLQ3" gen 17 2b Yes 139 | LQ3mass 1.2 TeV B(LQ§ = br) =1 2108.07665

= Scalar LQ3" gen Oep  22j,22b Yes 139 Loé mass 1.24 TeV BILQY - tv) =1 2004.14060

Scalar LQ 3 gen >2epu zlr21j21b - 139 LQ; mass 1.43 TeV 2§(LQ" —tr) = 1 2101.11582

Scalar LQ 3" gen Oep,2170-2j,2b Yes 139 |LQymass 1.26 TeV BLQE - bv 2101.12527

Vector LQ 3" gen 17 2b Yes 139 LQ} mass 1.77 TeV B(LQ; — br) = 0 5, Y-M coupl. 2108.07665
@ VIQTT - Zt + X 2ef2u/>3eu =1b, 1) - 139 T mass 1.4 TeV SU(2) doublet ATLAS-CONF-2021-024

X @ VLABB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343

L8 VLA Ts3Ts3lTsz > We+ X 2(SS)/>8eu>1b,>1j Yes 36.1 Ts/3 mass 1.64 TeV B(Tsz = W)= 1, c(Te3 W)= 1 1807.11883
S E VLQT - Ht/Zt leu 21b,23] Yes 139 | T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040

8§38 VY -wh leu 21b>1] Yes 361 |Ymass 1.85 TeV. B(Y — Wh)=1, c(Wh)=1 1812.07343
= VLQ B - Hb Oep 22b>1j,21J — 139 | Bmass 2.0TeV SU(2) doublet, ks= 0.3 ATLAS-CONF-2021-018
VLL ' - Zr/Hr multichannel =1 Yes 139 | <’mass 898 GeV SU(2) doublet ATLAS-CONF-2022-044

B @ Excitedquark ¢* — gg - 2j - 139 [g"mass 6.7 TeV only u” and d', A = m(q") 1910.08447

2 S Excitedquark g* — gy 1y 1j - 36.7 | q° mass 5.3 TeV only u” and d’, A = m(q") 1709.10440

S E Excited quark b* - bg = 1b,1] - 139 | b* mass 3.2 TeV 1910.0447

W @ Excitedlepton & e pu - - 20.3 1411.2921

=1 Excited lepton v* 3eut - - 20.3 1411.2921

Type Ill Seesaw 2,34 e,u 22j Yes 139 NO mass 910 GeV 2202.02039

LRSM Majorana v 2j - 36.1 | Ng mass 3.2TeV m(Wg) = 4.1TeV, g = gr 1809.11105

I Higgs triplet H** — W*W* 234e, ;x (SS) various Yes 139 H** mass 350 GeV DY production 2101.11961
g Higgs triplet H** — ¢¢ 2,34 e, (SS) - 139 H** mass. 1.08 TeV DY production ATLAS-CONF-2022-010

& Higgstriplet H** — ¢r 3eput - - 20.3 DY production, B(Hz* — (1) = 1 1411.2021
Multi-charged particles - - - 139 | multicharged particle mass 1.59 TeV DY production, q| = 5e ATLAS-CONF-2022-034

Magnetic monopoles — — — 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130

Vs=13TeV  ys5=13TeV 1 L 1
partial data | full data 1071 1 10

*Only a selection of the available mass limits on new states or phenomena is shown

FSmall-radius (large-radius) jets are denoted by the letter j (J).
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Mass scale [TeV]

Events / bin

ATLAS
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Leptoquark pair production, LQ — te

LQ), ~2 TeV (vector LQ

b q

D
LQ
LQ
D

ATLAS-CONF-2022-052

or tiu mass reach ~1.6 TeV (scalar

l(e
3 w
/
b v

102

r 37SR-e

10| Post-Fit

ATLAS Preliminary @ Data

T

T | T
[JLQS, (1.6 TeV)

{s=13TeV, 139 fo' JW  [EDiboson E
Signal regions Wtz -Non-prolmptl ]
9 g [_]Other 77/ Uncertainty
---- Pre-Fit Bkg.

1;// L o el sh /5//////////////////////%///

b
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-052/

ATLAS

EXPERIMENT

Searches for Long-lived particles

Large program to search for long-lived particles exploiting a
comprehensive set signatures:

- displaced vertices in inner tracking detector

* lepton not consistent with originating from pp vertex

+ decay in the calorimeter or muon spectrometer

+ dE/dx measurement for charged metastable particles + multi charge 2

Search for H or Z produced far from
interaction point, exploiting shower
pointing and time measurements

Back Layer
. . * . -
ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary 4 Middieia
- 1 r
Status: July 2022 jL dt = (32.8 - 139) fo! V5=13TeV X e Laye
Model Signature  [£dt[b] Lifetime limit Reference
T T T T
RPVE - uq displaced vix + muon 136 | f lifetime 0.0036.0m m(E)=1.4TeV 2003.11956
X X
RPV 8 — eev/ewv/uuy  displaced lepton pair 32,8 [ ¢ lifetime 0.003-1.0m (@)~ 16 TeV, m(i2)~ 13 TeV 1907.10037 U702 s Front Layer
aaM ) - 26 displaced dimuon 329 | &? lifetime 0.029-180m  m(2)~ 1.1 TeV, m(i{)~ 1.0TeV 1808.03057 Here, LAr Calorimeter
proportions have been
GMSB non-pointing or delayed y 139 )Zf lifetime 0.24-2.4m m(i3, G)=60,20 GeV, By=2% | CERN-EP-2022-096 stretched horizontally 4x
GMSB 7 - & displaced lepton 139 | Flifetime 6-750 mm m(7)=600GeV 2011.07812
5 | ovMseioG displaced lepton 139 | # ifetime 9-270 mm m(?)- 200 GeV 2011.07812 Secondary
B | AMSBpp - (07,47  disappearing track 136 | lfetime 0.06-3.06 m m(F;)= 650 GeV 2201.02472 Vertex (SV}‘”
AMSB pp — 170, 71 i1 large pixel dE/dx 139 | &7 lifetime 0.3-30.0m m(77)= 600 GeV 2205.06013
Stealth SUSY 2 MS vertices 36.1 | § iifetime 01-519m B(g - 35)=0.1, m(&)=500Gev|  1811.07370
Spiit SUSY large pixel dE/dx 139 | & lifetime >045m m(g)=18TeV, m(i%)= 100 GeV. 2205.06013 VR
Spiit SUSY displaced vix + EF'* 328 | & lfetime 0.03-132m m(g)=18TeV, m(i{)= 100 GeV 1710.04901 Primary
Split SUSY 06,2-6jets +EM=  3p.1 | glifetime 0.0-21m m(g)=18TeV, m(%)= 100 GeV | ATLAS-CONF-2018-003 Vertex (PV) . .
Beamline (z-axis)
Hoss 2 MS vertices 139 | slifetime 031-724m m(s)=35 GeV 2203.00587 z=0
- Hoss 2 low-EMF trackless jets 139 | s lifetime 0.19-6.94m m(s)= 35 GeV 2203.01009 AT LAS'CO N F'2022'05 1
3
S | VHwith H - ss - bbbb 2+ 2displ. vertices 139 [ s lifetime 4-85 mm m(s)= 35 GeV. 2107.06092 c : I I I
U 3
OC | FRVZH -2y + X 2 u-jets 139 lifetime; 0.654-939 (74)= 400 MoV 2206.12181 m 8 P 7, G
b Yd I 7d mm m(y. @ 10f ATLAS Prellmlnary + SR Data xé(135 GeV, 2 ns)aH(E
8 FRVZH - 4ys+X 2 p—jets 139 lifetime 2.7-534 mm mlya)= 400 MeV 2206.12181 3 - x
S Yd IS 7d (Ya _ %,(135 GeV, 2 ns)»ZG
'JQ:, H— 242, displaced dimuon 32,9 2,4 lifetime 0.009-24.0 m m(Zg)= 40 GeV 1808.03057 -‘a:: 1o’ o= 10TV, 199010 Background "8(135 GeV, 10 ns)aHé
12 : 4 0052 4 - S p €[160,300) [mm)] 5 j G
H— 22, 2e,u + low-EMF trackless jet36.1 | Zq lifetime 021-52m m(Z)=10 GeV 1811.02542 Post-Fit Stat. Unc. — %,(135GeV, 10 ns)-ZG
~0 A
P %,(325 GeV, 2 ns)»HG
©(200GeV) — s low-EMF trk-less jets, MS vtx 36.1 | s lifetime 0.41-51.5m & x B=1pb, m(s)~ 50 GeV 1902.03094 7/ Stat. @ Syst. Unc. S ~
5 7 7(625 GeV, 2 ns)-2G
g | PE00GeV) s ow-EMFtriclessets, MSvix36.1 | s ftime 0.04-215m X B=1 pb, m(s)=50 GeV 1902.03094 !
@ d(1TeV) - ss low-EMF trk-less jets, MS vix 36.1 s lifetime. 0.06-52.4 m @ x B=1pb, m(s)=150 GeV| 1902.03094 °
W = NE,N - e6y displaced vix (uu e, ee) + 4 139 | N lifetime 0.74-42 mm m(N)~ 6 GeV, Dirac 2204.11988 e
W = NC,N - ¢ev displaced vix (uu.pe, ee) + 1 139 | N lifetime 3.1-33mm () 6 Ge\, Mejorana T o — LN T I e 3
=
% W — NE,N — bty displaced vix (up.pe, ee) + e 139 N lifetime 0.49-81 mm m(N)~ 6 GeV, Dirac 2204.11988 )
G L z
W = NE,N — 06y displaced vix (uu.pe, ee) + e 139 | N lifelime 0.39-51 mm m(N)=6 GeV, Majorana 2204.11988 //////////ﬁ
1 1 1 1 1 1 107l —=
0.001 0.01 0.1 1 10 100 E 3
ct [m] 102 -
V5=13TeV | y5=13TeV E 3
partial data | full data 1 1 1 L L L 102 | I | | =
- cE =
*Only a selection of the available lifetime limits is shown. 0.001 0.01 0.1 1 10 100 2 £ Y b
7 [ns] 2 1s5p %
o} E
E e + Go555555555
0.5F /f
: 4
oE E
[0.0-0.2) [0.2-0.4) [0.4-0.6) [0.6-0.9) [0.9-12.0)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-051/

Standard Model Production Cross Section Measurements

Status: February 2022

Q AQ total (x2) .
Q_ 1011 inelastic ATLAS Prellmlnary
e incl Theory
> 100 GeV
B ; o \s=5,7,8,13 TeV
10° E PT>7°GSV LHC pp Vs =13 TeV e
L he| BEl  D:ata 321392 ]
105 "o st <
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10* £ 00 Bl Data 20.2- 2037 =
- AQ 3
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3 125GeV 100'Gev A o nAZé 3
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1 3 An 64 "o o o & o0 o E
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EXPERIMENT

ATLAS for Run3 ATLAS

MUON NEW SMALL WHEELS NEW READOUT SYSTEM FOR THE NSWs LIQUID ARGON

(NSW) The NSW system includes two million micromega readout CALORIMETER

Installed new muon detectors with channels and 350 000 small strip thin-gap chambers New electronics boards installed,
precision tracking and muon selection  (STGC) electronic readout channels. increasing the granularity of

capabilities. Key preparation for the signals used in event selection and
improving trigger performance at

higher luminosity.

TRIGGER AND DATA NEW MUON CHAMBERS IN THE CENTRE ATLAS FORWARD PROTON

ACQUISITION SYSTEM (TDAQ) OF ATLAS (AFP)

Upgraded hardware and software Installed small monitored drift tube (sMDT) detectors Re-designed AFP time-of-flight

allowing the trigger to spot a wider alongside a new generation of resistive plate chamber detector, allowing insertion into the

range of collision events while (RPC) detectors, extending the trigger coverage in LHC beamline with a new “out-of-
THE UNIVERSIT maintaining the same acceptance rate. preparation for the HL-LHC. vacuum” solution.

o ADELAIDE



New Small Wheel ATLAS

EXPERIMENT

For Muon triggering
and measurement

S R Ry

¢

’ t |p‘.,,—
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e ] » ) \
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An image of the production of pairs of the most
R 3 massive fundamental particle in nature produced
u n to p in the highest energy particle collisions ever made!

Top quark pair-production candidate, recorded on July 18t, 2022:
E] This event contains, 1 muon candidate (red line), 1 electron candidate
e (green line and deposit) , 2 b-tagged jet candidates (cyan cones).

o ADELAIDE




S
ATLAS Phase-ll Upgrade for HL-LHC ~ SATLAS

EXPERIMENT

Upgraded Trigger and
Data Acquisition system

Level-0 Trigger at 1 MHz

Improved High-Level Trigger
(150 kHz full-scan tracking)

Electronics Upgrades
LAr Calorimeter
Tile Calorimeter

Muon system

High Granularity Timing
Detector (HGTD)
Forward region (2.4 < |n| < 4.0)

Low-Gain Avalanche Detectors (LGAD)
with 30 ps track resolution

New Muon Chambers New Inner Tracking Detector (ITk) Additional small upgrades
Inner barrel region with new All silicon, up to |n| = 4 Luminosity detectors (1% precision goal)
RPC and sMDT detectors HL-ZDC

Detailed scope described in 7 TDRs approved by the CERN Research Board in 2017, 2018, 2020

o
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The Future is Now!!! ATLAS

EXPERIMENT

ITk Strip
endcap
petal

Pixel bare;module probing ...

24
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Summary ATLAS

EXPERIMENT

An enormous body of work in recent times from ATLAS
Results presented herein touch on just a few final states

Run 3 has commenced and we have our first taste of 13.6 TeV!
Ready for the next big discovery ©

O O O O

« AIll ATLAS Physics Analysis Public Results appear at
— https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ResultswithData2018

« ATLAS Physics Briefings at

— https://atlas.cern/updates/briefing

25
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https://atlas.cern/updates/briefing

Backup
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13.6 TeV pp collision data — Run3 ATLAS

EXPERIMENT

Z - pu'pu~ Candidate

Invariant Mass: 91.01

70 = eic) Candidate

Invariant Mass: 91.45 GeV/c?

ATLAS

R < 5 % :‘:\
EXPERIMENT ‘yy /L
Run: 427394 < \ :
Event: 21060879
2022-07-05 19:04:33 CEST \b‘ {L i

ATLAS

EXPERIMENT
Run: 427394
Event: 10631430
2022-07-05
17:49:15 CEST

started July 5th

EXPERIMENT
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First look at detector performance with 2022
collision data IﬁP-IE-I!TI\ﬁNST

ATL-PHYS-PUB-2022-033

© N ‘éTLAS Preliminary  Data 2022, {s=900GeV, 1.7nb™
b (_g015_ L = F T ' roT T T T ] e equiring L1_EMS at colliding bunch
(C > - ATLAS Preliminary E 0.12F ATLAS Preliminary 3 LL1_MU3V (before fine-tuning of RPC timing)
T 5 Is= 900 GeV c L 2o {s= 900 GeV 1 O @
z S 0.1F e 1 & 12 2
> = B-L 5 N [ ¢ Data ] = +2 c
Q ) a)ll)ee:ta S 0.08F MC Radiation Damage ] o 10 I
. g 0.08r —a ] S
w 0.1 MG Rad Damage | S:) :_ I MC Constant Charge ] _g o
o MC Const. Charge = 0'06: n[<0.8 ] %
+ —————— ] =
o 36 0.04F - § 0
o E 002 T -
0.05 sy pm— 2
o . OF— | : + P 8 -
3 - g
L J o8 E 2
O 020 30 40 80 06—y 5 2 -15-1-05 0 05 1 15
Cluster Charge [ke-] Track P, [GeV] 5 N e
ew
IDTR-2022-06
2 F T T T .|. T T T T T T T 7 *9006__' LI L B B |||||||||||‘|I»—_
§ 0.6~ ATLAS Preliminary ° -] s - o Before alignment ATLAS Preliminary -
- t ; {s=13.6 TeV ; 20.05- =3 um, FWHM/2.35=16 um Vs = 13.6 TeV ]
-lr-ul CC> 0.5 ] _g [ e After alignment IBL ]
S S [ Data . g 0.04 C =0 um, FWHM/2.35-16 um p; >3 GeV ]
& 0.4 — MC Rad Damage . s B
> & UA4r 9 1 C N
L N ] - —
c | . £% E
0.3__ ] 003_ .DI:I ..E||] ]
o B ] = * o0 4
e 02 ] 0.02f g% :
2r E 02 . o -
— - N ] B .o;i:? .ODEII:‘ ]
N 4 C oLl = i
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. . -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08
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.:..

L/

Much more to come from Run 3 data taking (2022 — 2025) 2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2022-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-033/

900 GeV pp collision data ATLAS

EXPERIMENT

recorded in May during stable-beam periods provided by the LHC
during its commissioning

ATLAS

EXPERIMENT

\ ] / N\ |
“\ / y ’/7 \ f‘\ N
Run Number: 423110, Event Number: 184635 | / V// \ T \
\ ) y/ \
\ | / 7\ \
/ \ J 4
Il
|

Date: 2022-05-28 09:52:49 CEST EXPERIMENT

Run: 423110
Event: 789870
2022-05-28 11:02:50 CEST

B EEmT e

el :}‘L‘._“’T.r‘u:ru -‘"i'\‘t‘-,}‘—\%‘—j S
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Z-boson + jets production

ATLAS

EXPERIMENT

¢ Run 2: ~8 x 10° Z bosons produced

Pom = ——F F”"-l-lty/Bt//'+y/,y,Jy/J¢+hc+ |D, d1* - V()

e Test SM in events w/ Z( — ee, uu) and > 1 jet with py > 100 GeV

o SM predictions w/ event generators up to NLO QCD + NLO EW
o Measure cross section in more extreme phase space:

collinear vs. back-to-back jet emission,
high jet p; or high sum py

~N

6 -
g = ATLAS Preliminary l + DaacTotalUnc. o
g - Vs=13TeV, 139 i’ & SHERPA 2.2.1 .
105 = Z +=1jet 4 SHERPA2211  —o
E ~%~ MG5_aMC+PY8 FxFx
100 L o ; ; -
10° = E 5 =
E E E ¢¢0V E
107 E ¢¢.V : E E
- . e e E
i i i ]
L 15 ; 7 7 — : : =
P lhe iat POV ok oy
5 1 Jﬁér : E + + — Eaa
3 L | i i
o
05 : :
Inclusive High—pT Collinear Back-to-back High-ST
(jet pr > 500 GeV) (Sr> 600 GeV)
w¥y
5
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~
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ATLAS-CONF-2021-033

o [pb]

do /dAR

Pred. / data

o Latest SHERPA 2.2.11 and
MG5_aMC + Py8 (FxFx) provide
improved modeling esp. in
collinear region and at high p;
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Searches motivated by Dark Matter

ATLAS

EXPERIMENT

Search for H— Dark matter (invisible)

BR(H—invisible) < 14.5% (obs) (10.3% exp.)
from search with VBF topology

(13% limit when combined with Higgs coupling
measurements)

Searches for mono-top production

Part of wide mono-X searches (X=SM particles) + MET
Fully hadronic final state u
Mass reach for V mediator ~ 2.5 TeV
Probe also non-resonant model
Large increase of sensitivity compared
to partial run-2 result g

ATLAS-CONF-2022-036

15} T
. 5§ 10'E ATLAS Preliminary ¢ D Non-Res. 3
arXiv:2202.07953 g 0 eliminary ¢ Dala —NonRes. 3
& 10_25— T LR ! LR T LR 1 LR T T T TTTTH LIJ = E=13Tev1139fb-1 .Top .Z+jets n
N — . . -
g 102 EF B_<0.127 ATLAS 3 [ Monotop Wjets [ Singletop |
O, . inv < | - SR1b Non-Res. Diboson [tV
§ C All limits at 90% CL Vs =13 TeV, 139 fb _ 10 E Post-Fit % Uncertainty— Pre-Fit Bkg3
5 — — E m
S q33E " 3 - 7
< 1077 E 5 Higgs Portal WIMP: Other experiments: ] I aciaces Saceacce:
s = %4445 Scalar DarkSide-50 —= =
2 e e, W Majorana == PandaX-4T ] 10?
© 10739 = Sren o % Vectorger =11m1 Cresst-lll =
- S 50555 Vectoryy complete model .
= = 10
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Precision studies of rare SM processes:
polarization in WZ production

ATLAS

EXPERIMENT

Study W and Z polarisation in WZ events reconstructed in 3l+v decay mode
Joint measurement of W and Z polarisation fraction, using deep neural network ,
First observation of simultaneous production of longitudinally polarised W and Z bosons with 7.1c

foo = 0.067 + 0.010

[a\] T T T T T T T T T T T T T T T T T L— 5025 3 ATLAS Preliminary
© 3500 ATL S Preliminary e Data // Tot. unc. W-Z, 2 = ook E Vs =13 TeV, 139 fb’*
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Observation of di-Charmonium excess in the

4-muon final state AI!T nﬁ NS-r
Tecce — J/l-ﬂ JIW — 4u

Tecee — J/W ¢(2S) - 4/~l:

Background from single parton and double parton scattering

Motivated by Tetraquark

See large structures near threshold as well as narrow resonance at 6.9 GeV, confirming LHCb observation

New ATLAS-CONF-2022-040 New
> i T ‘ T 177 ‘ T 17T ‘ T 17T I T 17T ‘ T 177 Ii > L T ‘ T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T
8300; ATLAS Preliminary } Data ] & 50F AtLas Preliminary } Data ]
g 250~ Vs =13 TeV, 139 fb" — Sig4Bkg. ] 10 L Vs=13TeV, 139fb" — sSig+Bkg. -
o Qooédi'Jhp — Background é g 40 L Jhp+yp(28) — Background ]
; E ---Sig.w/o Int. 7 -~ i - - Signal 1
g 150F sig. Int. E % r i
> E 3 © 301\ —
“10054\ A ] T ]
S0 0 E Y ]
0 ; 20- H | ]
~100" E 105 ]
~150 = - I
1 1 \ [ | \ L1 ] (| | [ \ [ | \ L] 0 _ - e -
6.5 7 7.5 8 8.5 9 7 75 8 8.5 9
ms" [GeV] m [GeV]
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Higgs to 2"d generation ATLAS

EXPERIMENT

Z(up) H(ee)
candidate event

ATLAS

EXPERIMENT
Run: 303892
Event: 4866214607
2016-07-16 06:20:19 CEST



Higgs to 2nd generation quarks Y AILAS

EXPERIMENT

Results:

VW( — cq) with 3.8 6 (4.6 6) obs (exp)
VZ( — cc) with 2.6 6(2.2 6) obs (exp)

Test of Yukawa interactions w/ 2nd generation fermions:
evidence for leptons only

Search for H—> cc in associated V(£7¢, v, vv) H production

Dedicated charm tagging

i
Lsm = _%FmF’w + il/_/B‘/’-}:v:").)ii.wL(ﬁ the+ lDJ‘?.lz-'_ Vig)

,IIIIIIIIlIIIIIII
- ATLAé Preliminary

£ (s=13Tev, 139"

r 0+1+2 leptons

Il VH(- ct) (u=-9)
Bl VZ(— cT) (1=1.16)

“In(L_ /L)

I VW(- cq) (u=0.83)
B-only uncertainty
— SM VH(=> ct) x 26

VH( — cc) < 26 (31) 6y 0bs (exp)

. f_ Ike| < 8.5 at 95% CL — 2-lepton (obs.)

e Charm Yukawa modifier

| k.| < 8.5(12.4) obs (exp)

first direct constraint
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Events after B-subtraction / 10 GeV
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III'CbI(b)II
L L — (ompD. (obs. ]

50 ATLAS Preliminary ---Comb. (exp) ]
F (s=13TeV, 139" g iepton (obs.) ]
b VH, H—ct 1-lepton (obs.) ]
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Higgs Couplings to 7 leptons ATLAS

EXPERIMENT

e Run 2: ~8 x 108 Higgs bosons produced

e B(H — t7) = 6.3 % —> test Yukawa interactions with leptons

e
ATLAS Preliminary H — w1t Vs =13TeV, 139 fb™
—Total — Stat. Theo. ¥ l<25
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SUSY Electroweak ATLAS

e Electroweakinos with mass ~0.1—1 TeV well motivated: Z = Loy +HLsusy!
o Neutralino LSP as dark matter, naturalness problem, £ :2_ ATLAS Preliminary =13 TeV, 139" SRPostit
muon 9_2 anomaly L%’ E #Dala —TotlSM [ Wajets = gl:ixﬁggg:gg;g:x

8:— W Z+jets [IVV Other = = = (H,G) m(H)=800 GeV, Br(N1—> h(G)=50 %
o Target mass splitting between NLSP and LSP > 400 GeV j: \\\\\
e First SUSY EW search with fully hadronic final state using 2 5
. . 0
large-R jets tagged as W/Z or H jets g 2
-S 0 .......
e Strongest limits at high electroweakino mass T -2 : e
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