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ATLAS ATLAS Detector in Run 3

EXPERIMENT
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* New Small Weels were installed replacing the innermost forward
Muon Stations

* Improve muon L1 trigger and tracking in forward region in view of
HL-LHC

® Other trigger improvements for LAr calorimeter

* Increased granularity of the readout
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https://arxiv.org/abs/2305.16623

SATLAS CMS Detector in Run 3
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https://cms-results.web.cern.ch/cms-results/public-results/publications/PRF-21-001/index.html
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Integrated Luminosity in Run 3

* LHC and the detectors are performing well in Run 3, started in 2022
— The LHC increased the pp CM energy from 13 to 13.6 TeV in Run 3
* OnlJuly 17%, 2023 there was an electrical glitch affecting the LHC and the consequence was a vacuum

leak in a bellows

* The recovery went well but about 7 weeks of pp running were lost corresponding to an integrated

luminosity of 30-40 fb!

* First Heavy lon run in Run 3 ongoing

Total integrated luminosity in Run 3 ~65 fb-1 per experiment
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EXPERIMENT

ATLAS Luminosity Measurement

e ATLAS luminosity uncertainty for the full 2022 data is at the 2.2% level
e CMS uncertainty is at a similar level

ATLAS contributions to CMS Ratio of luminosity measurements in
the total uncertainty different luminometers s e rew
9 1.100 CMS Preliminary ® BCMI1F/HFET ® PLTZERO/HFET ® HFOC/HFET Offline
Data sample 2022 g 1075
Uncertainty contributions [%]: E ;22:
Statistical uncertainty 0.01 2 . . L
Fit model 0.24 g 1000 %/M‘ﬁﬂfv “‘?’ /Mk/ =
Background subtraction 0.06 & 0.975
FBCT bunch-by-bunch fractions 0.01 ,E 0-950 -
Ghost-charge and satellite bunches  0.17 E 0925
DCCT calibration 0.20 I 7 3 c T o
Orbit-drift correction 0.06 Integrated luminosity [fb~]
Beam position jitter <0.01 CMS Prelimi
Non-factorisation effects 1.07 104/ CMS Fiducial Z boson cross section 136T6V”(2”5121§;”V
Beam-b. ffect 0.35 : . : . ’
Bt e : as function of the luminosity
mittance damping correction 0.21
Length scale calibration 0.03 = 1.02 + + +
Inner dc.tector l.ength. scale 0.24 ib!j + L + + 4 ++ '+ L + +
Magnetic non-linearity 0.32 < 1.00 I IIE3 + Ty - .
Bunch-by-bunch o consistency 0.50 EbN + + + + + + + + + 1T + +
Scan-to-scan reproducibility 0.27 0.98 1 + +
Reference specific luminosity 0.43
Subtotal vdM calibration 1.45 0.96 1 | + Measurements —— Linear fit |
Carion ot o T Y
: o —1.-1

Long-term stability 0.41 Inst. luminosity [nb™"s™] CMS'DP'2023‘003

10 October 2023 Total uncertainty [%] 2.19 6



https://cds.cern.ch/record/2851655/files/DP2023_003.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAPR-PUB-2023-001/
https://cds.cern.ch/record/2837104/files/DP2022_038.pdf
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LHC Operations in Run 3

* In Run 3 luminosity and pileup are higher than the LHC design
e The LHC is able to reach a maximum luminosity and pileup of 2.4x103* cm2s

and 70

* Levelling time and average pileup are still increasing during Run 3

CMS event with 55
reconstructed vertices
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levelling

Level 1
calorimeter
single electron
trigger

dN/dn

NSW coincidence
largely decreases
the background
with small loss of
efficiency
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Trigger in ATLAS in Run 3

ATLAS improved several triggers to cope with the higher trigger rate during LHC luminosity

arXiv:2305.16623
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Modifications have also been made to the HLT
to cope the higher luminosity and pileup
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TRIG-2022-03/
https://arxiv.org/abs/2305.16623

ATLAS Reconstruction Improvements in ATLAS

EXPERIMENT

« ATLAS also carried out several improvements in the track reconstruction
— Considerably speeded up the HLT
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ATLAS Trigger in CMS in Run 3

Trigger capabilities for Run 3 have been expanded and the performancebt\?s been
. . L
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Reconstruction Improvements in CMS

arXiv:2309.05466

All online filter farm machines are equipped with two Nvidia T4 GPUs
40-50% of the HLT reconstruction is offloaded to the GPU
Achieved large improvements in performance of the track reconstruction
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https://cms-results.web.cern.ch/cms-results/public-results/publications/PRF-21-001/index.html

ATLAS Physics Results

Physics Results
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Z Production Cross Section

®* CMS measured the Z production fiducial
and total cross section at 13.6 TeV CM

energy using dimuon events with 5 fb-1

5.04 fb" (13.6 TeV)
L L L

L cms

¢ Data .
t Preliminary 82—’ W
L EWK

[l

(OtotB) measured = (2.010 £ 0.001 (stat) = 0.018(syst) =+ 0.046(lumi) =+ 0.007(theo)) nb,
(0t0tB) predicted = (2.018 £ 0.012(PDF) £ (7% (scale)) nb, NNLO QCD + qT resumm.

[0} Total syst. unc.

SO by ppoeoeetibpptd]

L8 ) +1' The AR

e 60 70 80 90 100 110 120

m,, (GeV)
CMS-PAS-SMP-22-017
Process Prefit yield Postfit yield
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tt 9350 8390+ 810
EWK 14650 14090 £ 1400
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QCD scale uncertainty I ppoWH XLty I
T ppoW + XL,

2.76TeV, 5.4pb?, JHEP 03 (2015) 022 (for Z)
5.02TeV, 298 pb~!, CMS-PAS-SMP-20-004 (for Z and W)
7TeV, 4.5 (ee), 4.8fb~! (uu), JHEP 12 (2013) 030 (for Z)
8TeV, 19.7fb"1, EPJC 75 (2015) 147 (for 2)

2.76TeV, 231nb* (v), PLB 715 (2012) 66-87 (for W)
7TeV, 36 pb~3, JHEP 10 (2011) 132 (for W)

8TeV, 18.2pb™", PRL 112 (2014) 191802 (for W)
137TeV, 201 pb™", CMS-PAS-SMP-20-004 (for Z and W)
13.6TeV, 5.04fb~!, CMS-PAS-SMP-22-017 (for Z)

e

arXiv:2308.09529

2.76 5.02 7 8 13 136
Vs [Tev]

ATLAS measures the fiducial cross section for Z — ee and

Z = uu with 29 fb'1 at 13.6 TeV

The fiducial phase-space is defined by lepton p; > 27 GeV,
lepton |n| < 2.5 and an invariant mass 66 < m; < 116 GeV

forl=e, u
o 24, =744 £ 11 (stat. + syst.) + 16 (lumi.) pb
fid.,th NNLO QCD,
Z_)i,fory = 746t2212 (SCale+PDF+a’S) pb NLO EW

13



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-21/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html

ATLAS ATLAS ZZ cross section

EXPERIMENT

ATLAS measured the ZZ cross section at 13.6 TeV using the 2022 data with Z — ¢ (£=e, u)

Process | qqg — ZZ gg —>727Z EWqq—>ZZ+12j 1tZ VVV Reducible Total Data
Yield | 514.8 £49.6 73.6 +44.3 47+1.0 55+08 21+02 254+8.1|626.1 +88.4 | 625
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E 5% : 107 e -
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r ¥ f' | F B Vs=13.6 TeV,29 16" | Statistical Uncertainty
10—3 M| L L M| L L L L L L L L L L L I 77 Total Uncertainty
% % | —a— Predicted
] ¥
a 2 } ?l' a 2 T Tis messuroment
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ATLAS  ATLAS tt (and Z) Cross Section Measurement

EXPERIMENT

Use dilepton events to simultanously oy = 850 + 3(stat.) + 18(syst.) + 20(lumi.) pb,
measure tt and Z cross sections R;7/z = 1.145 £ 0.003(stat.) £ 0.021(syst.) + 0.002(lumi.)

) theory +32
arXiv:2308.09529 o,z =9247,, (scale+PDF+a;) pb, NNLO+NNLL QCD
o10g . . : theory _ +0.063
2 of ATLAS  +paa [ Rtf/z = 1.2387; 7 (scale+PDF+ay)
u>_1 £ Vs =13.6 TeV, 29 fb’ Ot [ SingleTop tW-channel
10° F tt/Z Diboson W Misid. leptons : i :
ol PostFit ® Unoonainty The measurements agree with theory within 1.5 and 1.3 o respectively
E
7 i . . e
106 3 Systematic uncertainties breakdown Comparison of o(tt)/o(Z) with theory
105 3 Category Uncertainty [%] predictions using different PDF sets
10 % Tt O'Qd_}” Rit/z
10* t t1 parton shower/hadronisation 0.9 <02 09 ATLAS
10° tf scale variations 04 <0.2 0.4 Vs =13.6TeV,291b-"
1 normalisation - <0.2 - I8 data £ stat. £ syst.  lumi. ———+——— combined resut
102 TOp quark pr reweighting 0.6 <02 0.6 I data + stat. uncertainty RSy SRR 1 theory prediction
10 VA Z scale variations <02 0.4 0.3 Data 2022 | Il |
Bkg. Single top modelling 0.6 <02 0.6
1 Diboson modelling <02 <02 02 | T
: T T T 1V modelling <02 <02 <02 PDF4LHC21 [ FO—
8 1.02 Fake and non-prompt leptons 06 <02 06 P'DF4LH021 ——_—
M | e e ST Lept. Electron reconstruction 12 1.0 0.4
~0.98 Muon reconstruction 1.4 1.4 0.3 PDEALHCE - e
$£0.96 . . Lepton trigger 0.4 0.4 0.4 cT18 (S FS—
8 e‘u 7[) e‘u Qb e My Jets/tagging  Jet reconstruction 04 - 0.4 CTi8A 1f - — \
Flavour tagging 0.4 - 0.3
MsHT20 [ e
PDFs 0.5 <02 0.5
Pileup 07 08 <02 NNPDF.0 1 -
Luminosity 23 22 0.3 ATLASpdf21 (— S ‘
Systematic uncertainty 32 2.8 1.8 ABMP16  peee- SR
Statistical uncertainty 0.3 0.02 0.3
0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

10 October 2023 Total uncertainty 32 2.8 1.9 Rz 15
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CMS measurement of the tt cross section

eand u

Z-veto for same flavour events
CMS

1.21fb" (13.6 TeV)

Use all leptonic and semileptonic decays with

Systematic uncertainties

£ Postfit
P § Data mtt Single t Wiets
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Results: )
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theory __ 924+32
- —-40

t NNLO+NNLL QCD
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Source Uncertainty (%)
Lepton ID efficiencies 1.6
Trigger efficiency 0.3
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W +jets background <01 —
Diboson background 0.6
QCD multijet background 0.3
Statistical uncertainty 0.5
Combined uncertainty 2.5
Integrated luminosity 2.3
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CMS tt Cross Section Measurement

arXiv:2303.10680

CMS Experiment at the LHC, CERN
Data recorded: 2022-Jul-27 18:33:11.804352 GMT
Run / Event/ LS: 356309 / 137565256 / 156
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-012/index.html

ATLAS Higgs cross section (ATLAS) - H — yy
. Fiducial cross section in the two cleanest Higgs boson decay channels: H - yyand H - ZZ - 4¢,f = e, u

o H-vyy arXiv:2306.11379
— excellent mass resolution

— small branching fraction, B(H — yy) = 2x1073
— rather large BG from diphoton and photon plus jet
. Analysis is similar to the Run 2 analysis

— Fit to the mass spectrum using a background model derived from
simulation and data

— Improved method compared to Run 1 to derive BG composition

Yy invariant mass

Breakdown of the systematic uncertainties

3 160005 471 a5 ‘ " +Data E
3 14000 s=136Tev,31.4 10" —Totalpdf Source Uncertainty [%]
£ 12000/ — Signal paf - R Its: isti '

o R, Hry .-~ Bkg. pdf E eSsults: Statistical uncertainty 14.0
w 10000~ = _ 7gt14 Systematic uncertaint 10.3

8000E- E oria(H > yy) = 76233 fb et . N
a e . . Lo ackground modelling (spurious signal) 6.0
6000~ = in agreement with the SM prediction Photon trigger and selection efficiency 5.8
4000 = Photon energy scale & resolution 5.5
= = : : Luminosit 2.2
2000F E The cross section is extrapolated to mmostty.

. e ey ; ‘ B . Pile-up modelling 1.2
2 40 A the full (pp — H) cross section Higgs boson mass 0.1
B 200 e * Theoretical (signal) modelling <0.1
8 (o] ae Sar A 2E LT B L >
3 -200f¢ ¢ ’ Total 17.4

~400=—73p 120 130 140 750 160
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https://arxiv.org/abs/2306.11379
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EXPERIMENT

Higgs cross section (ATLAS)-H —» ZZ — 44

. Fiducial cross section in the two cleanest Higgs boson decay channels: H - yyand H - ZZ - 4¢,f = e, u
. H->Z77Z -4¢,¢=e, u

— excellent mass resolution

arXiv:2306.11379

— small background, mostly from ZZ* production
- tiny branching fraction, B(H - ZZ > 4¢,f = e, u) = 1x10™*

4¢ invariant mass

ATLAS
H— ZZ* — 4]
Vs=13.6TeV,29.0 b
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Events/2 GeV

o N A O

LI L L B
¢ Data
Higgs (125.09 GeV)
. zz
XX, VWV
B Z+jets, tt
% Uncertainty
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m,, [GeV]

Fiducial region
Higgs production cross section

Leptons
Leptons pr > 5 GeV, |n| <2.7
Lepton selection and pairing a 100:"""'
Lep(lion kinematics gTSCZO, 15,10 Gth e | =N 90 o ATLAS — SM G (pp—H, m,, = 125.09 GeV)
Leading pair (m}2) FOC lepton pair with smallest |mz — mgp T E .
Subleading pair (m134) remaining SFOC lepton pair with smallest |my — mg;| g F Y H—yy 4 H—-ZZ*—41 QCD scale un.cenalnty ]
Event selection (at most one quadruplet per event) OQ. 80F ¢ Combined H—>y v+ H—4] mm Total uncertainty (scale ® PDF+a) —
Mass requirements 50 GeV< mjy < 106 GeV and 12 GeV< m34 < 115 GeV F 7
Lepton separation AR(L;, ;) > 0.1 70 :—
J /W veto m(l;, t;) > 5 GeV for all SFOC lepton pairs o
Mass window 105 GeV< myp < 160 GeV 60F
If extra lepton with pr > 12 GeV  quadruplet with largest matrix element value o
50
40F
Results: 30k
E Vs=7TeV, 4515 ]
0riq(H = ZZ — 4€) = 2.80 + 0.74 f - ' ;
fid ( ) L b 20 Vs=8TeV, 20.3 ' E
in agreement with the SM prediction 10E Vs =13 TeV, 139 fi" 3
F Vs =13.6 TeV, 29.0-31.4 ft' ]
) S S PSSO EPU I S S S SR
L 7 8 9 10 11 12 13 14
The cross section is extrapolated to
Vs[TeV]

the full (pp — H) cross section
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-12/

ATLAS First search for BSM Physics at Run 3

EXPERIMENT

Search for long lived particles decaying to two opposite charge muons  cwms-PAS-EX0-23-014
* Dimuon masses larger than 10 GeV are selected

* Mostly model independent and sensitive to a wide range of lifetimes and masses
* Results interpreted in two different models giving rise to long lived particles

12 P q
Hidden Abelian R-parity violating B o
Model: A Dark Higgs HAHM SUSY model: a pair o i _..X.I...<u
mixing with the SM K Zp : squarks decay into a -7 v
Higgs photon and Homeee h, Zo B quark and a long %\ ....... < ZV
decaying into two Combined f lived neutralino \ X 7
long lived dark with Run 2 New interpretation » 7
photons ; in Run 3 RPV SUSY
(mz, <my/2) Pyl Dyl [GeV]
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-014/index.html
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Events passing the final selection for the
two models considered

Use tracks reconstracted in the tracker
but also in the muon system only, also
efficient for large displacements

Require A® < threshold where A® is the
angle in the transverse plane between the
pr of the dimuons and the displacement
of the vertex

At large ct the results based on the
2022 data have higher sensitivity
than the full Run 2 ones

The combined limits in the HAHM model
are the best to date for masses larger
than 20 GeV and less than my/2
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Results
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ATLAS Summary and Outlook

EXPERIMENT

ATLAS and CMS made several improvements in trigger, reconstruction and object
identification for Run 3

— Run 3 does not simply add integrated luminosity but also new triggers and lower
thresholds which enable new physics directions

ATLAS and CMS collected approximately 65 fb! of integrated luminosity each in
Run 3

The first analyses have been made public or published:

— Measurements of cross sections at 13.6 TeV

— Searches based on triggers that are more efficient than in Run 2

* Prominent examples are long lived particle searches

 Many more analyses in the pipeline but in many cases may wait for the full Run 3
integrated luminosity
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