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The ATLAS Experiment

44m Letter of Intent (1992)
= 5 > Hermetic jet & €., ive COlorimetry
: : > Excellent particle identification
> Excellent electron & photon resolution
> Ctandalone muon measvrement

> (arge acceptance

25m

Tile calorimeters
LAr hadronic end-cap and
. forward calorimeters

Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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https://cds.cern.ch/record/291061

The ATLAS Collaboration

>5500 people from 245
institutes, including:

1000 paper submitted last year
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https://atlas.cern/updates/news/1000-collision-papers

ATLAS Run-2 Data

A wealth of proton-proton collision data Run-2 Luminosity Public Results
?‘160— T | T I T | T | T | T I T | T ‘l:i 600_—'— 1T I | NED T I Ed& T 3 I L I T T 1T I Td dd I T T 1T | LI -lt
0 — : C ]
= Run-1:2011-2012 = [ ATLAS 3 L2 - ATLAS Online, 13 TeV  [Ldt=146.9fb ]
2140 Preliminary g =18TeH 3 500F 7
= - = Qo — A —
= /s=7-8TeV 8 F . Delivered: 156 fb’ . S C - gg:: == ;21 ]
— -1 S120~ .LHC Delivered Recorded: 147 fb' ] 2 E D<u> = 25. .
- Iﬁe =25 fb :E, E DATLAS Recorded "MVsis: 1391b" E 2 400 g ggl; <u> i gg? 3
—1100— i il £ - T <p> = 36. ]
o E DGOOd for Physics 7 S C [ Total: <u>=33.7 ]
2 80F . 3 300 -
s 80F 4 3 - ]
= T8 :
. £ 60 | e 200 =
= Run-2:2015-2018 = "¢ | S - .
- g 40F 4 & F 13
w s=13TeV o F i 100 18
w [£=139fb? 20 =H o 1%

[ | S 0 oo e P S gy

0 10 20 30 40 50 60 70 80
Mean Number of Interactions per Crossing

300 V230 V00 O BT (T By ®
Month in Year

w Excellent detector performance, 95% of recorded run-2 data usable for physics
~140 papers from this dataset thus far
Too many to summarise here...
Will focus on a few recent results which exemplify the range of physics analyses
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ResultswithData2018
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2

Precision

Physics with ATLAS

measurements of

the Standard Model

(SM)

Studies of top

Observation of
rare SM processes

quark properties
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Studies of Higgs
Boson properties

Searches for new

physics Beyond the
Standard Model

Searches for
Supersymmetry
(SUSY)

Searches for Dark
Matter

Searches for exotic
Higgs Boson decays


http://cdsweb.cern.ch/record/1459495

Testing the Standard Model

. Standard Model Production Cross Section Measurements Status: February 2022
> Cross section measurements =

. d f itud a1
spanning many orders of magnitude ‘= <. oo 5.78.13 TV

- —~ . 100 Ry LHC pp V5 =13 TeV
Alexandre's talk Sahibjeet's talk R BN o 32- 150t

10°

i ATLAS Preliminary
il || Theory

B
25 GeV

= QObservations of rare SM processes i LHC pp V5 =8 Tev
. . . 4 ata -20.3fb7t
with tiny cross-sections 10 o3 ) N Cench s
0 F e oy o i
o g’ "o A°v N - B Data 45491
= Measurements of top quark 107 w | Se ) g ﬂf;ofv’zwowu ot LHC pp 5 =5 Tev
. . - 2| Bo s appagh, oo
properties, which could be sensitive 10’ w (g B e ] g gle | | | EEM oot
. i “ﬁf AR R VAT - O
to new physics 1 & % g °g® gofa 80g o B
101 o k., bl LR L SN
. . . 1 jﬂj "jd H jw 9—» iad Zjj
= Confirm predictive power of the SM, > “ = = A “nw;r r
. . n]‘ - - I-(IX;;;yHﬂyy Z_’_Wiﬂ [=} ww
plus improve understanding of 1073 & e N | 8 u.,wi
. ﬁ wwy
backgrounds in searches for new
. PPolets Y W Z ot W 77 H Hj VHVy v i wWwv 7y VP vy
physics TV T

EWK

ellis.kay@cern.ch https://atlaspo.cern.ch/public/summar



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-009
https://atlaspo.cern.ch/public/summary_plots
https://indico.cern.ch/event/1072579/contributions/4788631/
https://indico.cern.ch/event/1072579/contributions/4788599/

Observation of WWW Production

gSM:

T
LAt v
zhul”

Divect probe of triple/quartic gauge couplings
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8.20 (5.40) obs (exp)

o(pp = W*W*W") =
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SM prediction for WWW+WH :
511+ 42 fb @ NLO QCD


https://atlas.cern/updates/briefing/observation-www-production
https://arxiv.org/abs/2201.13045
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Top Energy Asymmetry

Probe matter/antimatter acymmetry

= Asymmetry in qg - tt+jet events

w Determine using energy difference as a function of jet angle
aP(0;) = (0lyij > 0) +0o(m—0;ly; <0).

TP (0,|AE > 0) — c°P(6,]|AE < 0)

Ap(6;) =
£(65) ooP(6,]AE > 0) + coP'(6,|AE < 0)

= Measure boosted £+jets with hard additional jet, unfold at particle level
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AE=E, —E:

= No significant
deviation from SM

= Sensitive to 4-quark

EFT operators
w 2D limits on choice
of 6 operators
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https://atlas.cern/updates/briefing/top-energy-asymmetry
https://arxiv.org/abs/2110.05453

Higgs Studies
Ly =D, HID,H + >?H H — 3(HYH)? — (y;; Htp; + hec.)

Couplings to EW gauge J l b Couplings to fermions
Higgs self-couplings
bosons \_ My
V2
Di-Higgs production @
\ 2 M ATLAS Preliminary ~ — Observed imit(95% CL)
Colm's talk =0k -—-- Expected limit (95% CL)
% Vs=13 TeV, 139 fo~! == Comb. exp. limit +10
. . ‘: 3 Comb. exp. limit £20
Almost 8 million Higgs bosons produced at the < ; o petka
LHC during Run-2! ;{gma'

T
=

=
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= Higgs mass & decay width measurements 102:
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— bbbttt
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Observations of rare Higgs decays S —— ksl
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Searches for new Higgs bosons and exotic Higgs decays T K

https://atlaspo.cern.ch/public/summar lots
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https://atlaspo.cern.ch/public/summary_plots
https://indico.cern.ch/event/1072579/contributions/4790768/
https://atlas.cern/updates/briefing/new-milestone-di-Higgs-search
http://cdsweb.cern.ch/record/2786865

Probe Higgs-fermion Yukawa couplings, understand their hierarchy

2201.11428 g @

Lo =—TF P+ i Byt vy ¢+ he + | D¢ - Vi) A |
= Focus on VH production :}\ A gT:’-SSTeV’ o Expected
w Facilitate triggering, enhanced S/B w.r.t inclusive H>cc _|§)3_5:_ VH, H - bb/cE — koY, = Ik ] i
L W/€ z/< i -'
e /‘MNWH """ W 250 -\ ]
= Use dedicated charm-tagging to identify signal jets 3 ;
w Tag with NN c-tagger AND veto with BDT b-tagger k3 \ E
= Also b-tag veto for non-signal jets, ensuring orthogonality with VH, 0522755 ------------------------ S -
H > bb analysis, allowing for combination of results TR ,_|4," _42 S é Ll é
= Perform binned likelihood fittom__in 16 SRs & 28 CRs E_b
= Can interpret results in terms of couplings, Ik /x| <4.5 (5.1) obs (exp) @ 95% CL
based on x framework (see 1, 2)
= Confirm weaker Higgs coupling to charm than bottom! (m,/m_=4.578 +0.008)
ellis.kay@cern.ch 12



https://atlas.cern/updates/briefing/higgs-charm-beauty
https://arxiv.org/abs/2201.11428
http://cds.cern.ch/record/1559921
https://www.osti.gov/biblio/1345634/

Searching Beyond the Standard Model

-+ New resonances, ‘bump hunting’

=+ Processes with large missing transverse

energy

= Deviations from SM in angular
distributions of final state particles

= Signatures of long-lived particles

ellis.kay@cern.ch

Dominique’s talk
e.g. collider searches for Dark Matter (DM),
SUSY searches..

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

ATLAS Preliminary

Status: March 2022 fL dt = (3.6 - 139) fo! V5=8,13TeV
Model 6y Jetst ET™ [rarfm Limit Reference
T T T
@ ADD Gkk +g/q Oeury 1 Yes 139 | Mg A12TeVl n=2 2102.10874
ADD non-resonant yy 2y - - 367 | Ms 86TeV  n=3HZNLO 1707.04147
ADD GBH - 2j - 370 |Ma 89TeV =6 1703.09127
ADD BH multijet = 23] = 36 | Mu 9.55TeV. n=6,Mp=3TeV,rot BH 1512.02586
RS1 Gk = vy 2y - - 139 [Gykmass 45Tev ) 210213405
S BUKRS Gy —» WW/ZZ multi-channel 36.1 [ Guimass 23TeV 1808.02380
g Bulk RS Gyx — WV = (vaq tes  2i/1J  Yes 139 | Gixmass 2.0 Tev 2004.14636
5 | BukRS gk - tt fesu 21b>102 Yes 361 [8cmass 38TeV T/m=15% 1804.10823
2UED / RPP lepu >2b>8j Yes 36.1 [KKmass 1.8 TeV Tier (1,1), BAM) > 1) =1 1803.09678
SSMZ' - (¢ 2en - - 139 | Zmass 51 TeV 1903.06248
SSMZ' 1. 2r - - 861 |2'mass 2.42TeV 1700.07242
§ Leptophobic 2’ — bb - 2b - 361 |2Zmass 21TeV 1805.09299
Leptophobic 2/ — tt Oeu 216,220 Yes 139 | Z/mass 41 TeV /m=12% 2005.05138
_§ SSM W’ — 0v Ten - Yes 139 | Wrmass 6.0 TeV. .
®  SSMW - 1T - Yes 139 | W/mass 50TeV. ATLAS-CONF-2021-025
D ssMw b - 21b>1J - 139 [Wrmass 44TeV ATLAS-CONF-2021-043
®  HVTW > WZ-lvggmodel B Tesu  2j/1J  Yes 139 [W/mass 43TeV & =3 2004.14636
G | HVTW - WZ (v modelC 3en  2](VBF) Yes 139 | W’ mass 340 GeV/ sveu=1.g=0 ATLAS-CONF-2022-005
HVT W’ — WH model B i 216,220 139 [ W mass 32TeV av=3 2007.052
LRSM Wg — uNr 2pu 1J = 80 | Wi mass 5.0 TeV m(Ng) = 0.5TeV, &1 = gr 1904.12679
Clgqqq = i = 370 |A 21.8TeV 1, 1703.09127
— | Clitgg 2ep - - 139 A BBTV] 2006.12946
O Cleebs 2e b - 139 |A 18TeV. =1 2105.13847
Clubs 2p 1b - 139 |A 20TeV g=1 2105.13847
Cl tttt >lepu 21b>1j Yes 361 A 2.57 TeV. |Cael = 47 1811.02305
Axial-vector med. (DiracDM) ~ Oeu,7,y 1-4j Yes 139 | 21TeV 8,025, g=1, m(x)=1 GeV 210210874
E Pseudo-scalarmed. (DiracDM) Oe,u,t,y  1-4]  Yes 139 [y 376 GeV. =1, &=1. m(x)=1 GeV 2102.10874
Vector med. Z'-2HDM (Dirac DM) ~ 0 e, s 2b Yes 139 [ Minea 31 Tev tanp=1,g7=08, m(y)=100 GeV' 108.13391
Pseudo-scalar med. 2HDM+a _ multi-channel 139 | M 560 GeV. tang=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1 gen 2e 22j Yes 139 LQmass 1.8 TeV B=1 2006.05872
Scalar LQ 2™ gen 2 >2j  Yes 139 |LQmass 1.7TeV B=1 2006.05872
Q@  ScalarLQ3< gen 17 2b Yes 139 LO‘i‘ mass. 1.2 TeV B(LQY — br) =1 2108.07665
= ScalarLQ 3" gen Oepu  22),22b Yes 139 [ LQJmass 1.24 TeV BLQY »>tv) =1 2004.14060
Scalar LQ 3" gen 22ep21721j,21b -~ 139 | LOS mass 1.43 TeV BLQY — tr) =1 2101.11582
Scalar LQ 3¢ gen Oeu>170-2j,2b Yes 139 m:mm 1.26 TeV. BLQS — b) =1 2101.12527
Vector LQ 3" gen 17 2b  Yes 139 [LQYmass 177 TeV B(LQY — br) =05, Y-M coupl. 2108.07665
VLQ TT - Zt+ X 2e/2u/>3eu >1b,21] - 139 | Fimass 14TeV SU(2) doublet ATLAS-CONF-2021-024
29 VLQBB - Wi/Zb+ X multi-channel 361 [Bmass 134 TeV SU(2) doublet 1808.02343
VLQ To3TsalTsi3 > We+ X 2(SS)/28epu21b,21] Yes 361 [ Tsmass. 1.64 TeV. B(Tsj3 — W)= 1, ( TosWe)= 1 1807.11883
§ S_ VLQ T — Ht/Zt Tepu 21b,23] Yes 139 T mass 18 SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
VLQ Y - Wh leu 21b>21j Yes 361 |Ymass 1.85 TeV. B(Y = Wh)=1, cp(Wh)=1 1812.07343
VLQ B - Hb Oep 22021210 - 139 |Bmass 2.0TeV SU(2) doublet, k= 0.3 ATLAS-CONF-2021-018
@ Excited quark ¢* — qg - 2j - 139 |iq*mass 6.7 TeV only u* and d", A = m(q") 1910.08447
3 § Excitedquark g* — qy 1y 1] - 367 |amass 53TeV only u* and ", A = m(g") 1709.10440
3 Excited quark b* — bg. - 1b1j = 36.1 | b* mass 2.6 TeV 1805.09299
g Excited lepton (* 3epu - - 203 A=30TeV 1411.2021
Excited lepton v* 3eput - 203 A=16TeV 1411.2021
Type Ill Seesaw 234epu 22 Yes 139 |INCmass 910 GeV 220202039
LRSM Majorana v 2 2j - 361 |Ngmass 32TeV m(We) = 4.1TeV, g = gr 180911105
Higgs triplet H** — W=W* 234 e,u(SS) various ~Yes ~ 139 | H** mass 350 GeV. DY production 2101.11961
Higgs triplet H** — ¢¢ 234eu(SS) - - 139 | M= mass 1.08 TeV. DY produciion ATLAS-CONF-2022-010
Higgs triplet H** — ¢ 3eput - - 203 DY production, 11.29:
Multi-charged particles - - - 361 | multcharged particle mass 1.22TeV DY production, qi = 5 1812.00673
Magnetic monopoles - - - 344 |monopolemass 237 TeV DY production, g} = 1o, spin 1/2 1805.10130
ﬁ VE=13TeV | Y5=13TeV L L 1
partialdata full data 10 1 10 Mass scale [TeV]

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

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

-PHYS-PUB-2022-011



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-011/
https://atlaspo.cern.ch/public/summary_plots

. . %x%
Search for Multi-charged Particles @ u

Look for BSM particles which may decay far from the primary verfex

= Multi-Charged Particles (MCP) predicted by a plethora of models
w Could explain some excesses observed in direct/indirect dark matter searches
= Muon-like high ionisation signals, measured in pixel, TRT & MDT detectors
lg|=zewith2<z=<7
= Single muon, missing energy & ‘late muon’ triggers used
= Trigger on events with p_>50 GeV jet in the current bunch-crossing & p_>10 GeV
muon in the next one

- No significant excess, set mass limits ranging from ~1 TeV (q=|2¢|) - 1.6 TeV (q=

MC
,Ya+20
Drell-Yan
q MCP
Y MCP

, _
Photo-productihécrq

|6e])

= 10g T T T T T T = T T T T T 3 .:_:"* ET T T Z“"Ilt' ERES r T T T T T T T ]
i 1E =22 by data faten - E B2 - simuaton = E 10 ATLAS Preliminary ;’ . ﬁ : e E i 0.1~ I:; - :i"'\ulalion .
o E — Signal (m=500GeV,z=2) 3 ©° o044 1| .. Signal (m=1400 GeV, z=2) ] —— Signal (m=1400 GeV, z=3) - ¢ fowwcaa
210 AP Signal (m=2000 GeV, 2=2) % =S - ¥ S, s§32§| £2=1400 ) §=4; ] = 1 _,/— 13TeV, 139" Signal (m=1400 GeV, 2=7) i 3 £ 0.08 — Signal (m=500GeV, z=2) -
o oF . E g --- Signal (m=1400 GeV, 2=7) § > (l% R S [ Signal (m=2000 GeV, z=2) |
»n 10°g et S gt o H D ] © [
s b 1. Lo Vi ATLAS Preliminary | Z Z o006k E
] I W E . T
Z j0E & g EE ATLAS Preliminary ] £ E Vs=13TeV, 139 fb" 7 g r ATLAS Preliminary
E ; a7 E z' = 0.04( .
10°F i Vs=13TeV, 139 10" Rt ; TRT 1 i Vs =13 TeV, 139 fb
0 g i : “ E 0.02f- ]
: Pixel 3 o2 MDT |
107 i " 3 r ]
E . L 1 ! 1L ! E N Uit ol ! ! 1 ! ]
-10 0 10 20 30 40 50 60 70 25 30 =10 5 10 15 20 25 3C
S(pixel dE/dx) S(MDT dE/dx) TRT T S(TRT dE/dx)
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http://cds.cern.ch/record/2810156/files/ATLAS-CONF-2022-034.pdf

Long Shutdown 2 & Run-3

Shutdown/Technical stop
Protons physics

Ions

Commissioning with beam Briefing

Hardware commissioning/magnet training AU R S L RS BN .
.~ ATLAS Preliminary — ]

| —®— Rel. 22 MP: 3.7 GB + 3.4 GB/Worker
| —&— Rel. 22 MT:5.4 GB + 0.3 GB/Thread

-
o
o

= Used the shutdown to make multiple improvements to detector,

triggers, software, computing...
w A longer shutdown than expected... restarting this year

------- Rel. 22 Serial: 5.9 GB/Job

Memory Usage [GB]
D (2]
o (=]
™ T
|

40— -
w Performed installation & commissioning of new hardware around i
COVID restrictions 20:_ 4
w  Held remote ‘milestone weeks’ to simulate ATLAS control roomin e S R b L
running conditions & train Number of worker threads/processes

ellis.kay@cern.ch 15



https://atlas.cern/updates/briefing/renovating-athena

Phase-1 Muon System Upgrade

w Replace existing small muon wheels with New Small Wheels (NSWs)
= Fast & precise muon tracking with micromegas & small-strip

thin-gap chambers
w Improve spatial resolution & granularity
w 7x improvement in online fakes rejection & offline tracking in endcaps

Big m| EM
[ ]
[ | |:|
El c
New Small Wheel I:I » L—
l I N AG = —A
""""""" _—— 8
ATLAS-TDR-020 ) /(:’
| toroid —

1P

w Both A-side and C-side NSW have been installed in ATLAS

¥ Constructed 25% of required <TGCs i iR
% Performed ascembly, installation & commicsioning at CERN ‘

/i

ellis.kay@cern.ch


https://atlas.cern/updates/news/NSW-complete
https://cds.cern.ch/record/1552862

Phase | L iquid Argon Calorimeter Upgrade C} @

w |mproved discrimination between electrons & jets
= E_threshold may be lowered by 7 GeV while maintaining current L1 trigger rate

== w |nstallation completed during the long shutdown
Z /,%é w Phase-l system is now used concurrently with the legacy system, undergoing
‘ commissioning as the ATLAS trigger upgrade continues

g? Design & construction of new front-end baceplanes
¥ Financial contributions to new trigger digitiser boards

2 Commiscioning of the new cystem
ellis.kay@cern.ch


https://atlas.cern/updates/briefing/upgrading-LAr-calorimeter
https://cds.cern.ch/record/1602230

. e %%
Beam Splashes @

Friday 22" April marked the start of Run-3

ATLAS

.. EXPERIMENT
Need to recommission accelerator & safely ramp

up beam energy/intensity / Y o \ 2

e \\// |
w Single proton beam, hitting a collimator upstream \\ v

‘3
LN ety

of the detector - /

::::T?EE??:::;

——eT

Send splashes from one side at a time —_

w  Subsystems can perform timing studies,
commission new upgrades

Had first 13.6 TeV collisions on 31%* May!

ellis.kay@cern.ch 18


https://atlas.cern/updates/news/Run3-beams-splash

Conclusions & Outlook

= ATLAS has an extremely diverse physics programme, with >100 published Run-2 results so far
w Only a handful of the latest results presented here
w See the list of all public results on the AtlasPublic twiki, and catch up on latest news with ATLAS briefings

- Many of these analyses were completed during the long shutdown, during which time the phase-I

upgrades were also installed

w The collaboration were able to commission these upgrades & prepare experts & shifters, in spite of the
challenges of international lockdowns

w Now ready for Run-3 data, at higher luminosity & increased pile-up

==+ Run-3 has begun!
w Beam ‘splashes’ and 900 GeV / 13.6 TeV pp collisions have now been observed in ATLAS, after the long break

w Phase-Il upgrades, to be installed for the HL-LHC (2029)
w See Maximilian's & Thomas' talks

ellis.kay@cern.ch 19



https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://atlas.cern/updates/briefing
https://indico.cern.ch/event/1072579/contributions/4790765/
https://indico.cern.ch/event/1072579/contributions/4790760/
https://indico.cern.ch/event/1072579/contributions/4790765/
https://indico.cern.ch/event/1072579/contributions/4790760/

Canadian Association
of Physicists

Association canadienne
des physiciens et physiciennes



o o . e %x%
Heavy lon Collision Studies @

Probe the quark-gluon plasma

= Not just pp collisions from the LHC... also proton-lead, lead-lead and xenon-xenon
= Many studies arising from these collisions, e.g. jet suppression in Pb-Pb

O.(D

0-10% 60-80%

= Particle yields modified compared to pp scattering , , _ | @ /( <TAA>d0—””)
= Study rate of jets for a given centrality interval New: apr dpr
= Measure 2D p_ distributions of leading dijet pair, unfold to extract _4Npair ,

: dpr1d
project across p_, selections to extract ~= N 'where x =pr2/pra PrACPIE
]

= g’dp_.e.,‘,.,,‘..,.‘ ,,,,,,,,,,,, R ~ 1.2 T T T 3
glx> [ ATLAS anti- k, R=0.4 ] o - ATLAS anti-k, R=0.4 E
S1°  8F mmo10% oT y=09% R T, = palr = 115E E
. OpE010% &1, )00% M 10.20% KT, Ju1% 7 = Measure R 8% | F PbsPb22nb" 0. - ¢ > 77/8 .
28 7f 7% 20-40% X(T,,)=2% F8% 40-60% B(TAA>=5% 3 « 1.1 pp 260 pb” p1 /p2 ~0.32 =
-~ - == 60-80% &(T,,)=8% ~—— pp sLumi=1.6% e 17 H ~ = T27T1" =
% 6[200<p_ <324 GeV — quantlfymg suppression 105 o005 <316Gev  lyi<21 E
T sE\sw= 502 TeV . = iati i g2 g —o—data—E
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https://atlas.cern/updates/briefing/dijet-suppression
https://arxiv.org/abs/2205.00682

LHC Schedule

)

LHC HL-LHC

13.6 TeV 13.6 - 14 TeV

13 TeV energy
Diodes Consolidation
splice consolidation cryolimit LIU Installation . . HL-LH
7 TeV 8 TeV button collimators interaction . ) inner triplet . C
— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation

ez | v | e | o | o | v | 2o | o ]

5 to 7.5 x nominal Lumi

ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS

beam pipes HL upgrade

nominal Lumi 2 x nominal Lumi ALICE - LHCb 2 nominal Lumi

75% nominal Lumi /_ upgrade
& -‘ integrated JEIULVRIN
30 i L m luminosity EEIIR{ox

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY 1 PROTOTYPES / CONSTRUCTION ’ INSTALLATION & COMM. HH PHYSICS
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https://hilumilhc.web.cern.ch/content/hl-lhc-project

The ATLAS Trigger

= Not all events observed by ATLAS contain interesting information...

w Select events with trigger .
Bunch crossing;:

40 MHz

Calorimeter detectors

TileCal tors
2 Level-l Detector
Level-1 Calo Level-1 Muon Read-Out
w Hardware based Freprocessar Endcap Barrel
. . AMCM sector logic _ sector logic . FE
w Use subset of information from ! e
l . t & d tect CP (e,y,1) JEP (jet, E) N ‘ ‘ f
calorimeters & muon detectors |, , cant. cMx X Mucrp- 5 :
w Decision madein<2.5us 100 kHz | & =
. . I * Ll1Topo 3 . "
w Defines Regions Of Interest (ROIs) cTp g Reag- Ot Systam (RO5)
CTPCORE
= crPouT
= High-Level Trigger (HLT) Level-1 2
w Software based - oo e T Data Collection Network
. . Recording: (FTK)
w Detailed analysis of L1 events 1 kHz

High Level Trigger 2

in ROIs

Data Storage

(HLYD) IAccept
Processors O(28k)
Event =
H Data Tier-0
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https://arxiv.org/abs/2007.12539

LHC Coordinate System

i: %{to surface
0
7 P n = — Intan (5)
n=-295--.____ __9___—17:2.5 o
— — =~ Yo7 > 2 > T
beam-azxis to centre of LHC 2 2
AR =/(A¢)" + (An)
(a) zz-plane (b) zy-plane

Detector

/\ Point
\/

) Beam
Line

\ X (Center of LHC)
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Data Quality Efficiency

1911.04632
2018 Data Quality Efficiency [%0]
IR Inner Tracker Calorimeters Muon Spectrometer Magnets Trigger
Pixel | SCT | TRT LAr | Tile MDT | RPC | CSC | TGC | Solenoid | Toroid Ll | HLT
pp @ 13 TeV 99.78 99.77 | 100 99.67 | 100 99.80 99.72 99.98 99.98 100 99.58 99.99 99.99
pp @13 TeV (u=2) | 100 100 100 100 100 99.07 99.94 | 100 99.98 100 100 98.03 | 100
Pb-Pb @ 5.02 TeV 100 100 100 99.99 | 100 100 100 100 99.98 100 83.25 99.97 | 100
Data Quality Efficiency [%] Integrated Luminosity
pp @ 13 TeV 97.46 585
pp @ 13 TeV (u = 2) Good for Physics 92.86 193 pb~!
Pb-Pb @ 5.02 TeV 82.54 1.44 nb™!

ellis.kay@cern.ch
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https://arxiv.org/abs/1911.04632

home.cern

rades-LS2

MUON NEW SMALL WHEELS
(NSw)

Installed new muon detectors with
precision tracking and muon selection
capabilities. Key preparation for the

TRIGGER AND DATA
ACQUISITION SYSTEM (TDAQ)
Upgraded hardware and software
allowing the trigger to spot a wider
range of collision events while
maintaining the same acceptance rate.

ellis.kay@cern.ch

NEW READOUT SYSTEM FOR THE NSWs

The NSW system includes two million micromega readout
channels and 350 000 small strip thin-gap chambers
(STGC) electronic readout channels.

NEW MUON CHAMBERS IN THE CENTRE
OF ATLAS

Installed small monitored drift tube (SMDT) detectors
alongside a new generation of resistive plate chamber
(RPC) detectors, extending the trigger coverage in
preparation for the HL-LHC.

LIQUID ARGON
CALORIMETER

New electronics boards installed,
increasing the granularity of
signals used in event selection and
improving trigger performance at
higher luminosity.

ATLAS FORWARD PROTON
(AFP)

Re-designed AFP time-of-flight
detector, allowing insertion into the
LHC beamline with a new “out-of-
vacuum” solution.
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https://home.cern/press/2022/ATLAS-upgrades-LS2

Expected LAr Super Cell Performance

= Shower shape variables may be used to discriminate

between jets and electrons at L1 trigger level
w |Improved jet background rejection for electron ID

= E_threshold can be lowered by 7 GeV @ 20 kHz |

Shower shape variables
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A.U.

- —_—

| ATLAS -

10'1?Simulation | I E

F s=14Tev,u=80 PRSI

10-2§_ — - Electrons |I ! E

[ — Jets J" I3

i 5 ]

10°%F P E

£ ¢ =

[ [ ]

al A i

107 I'r'“r”| T E|

F 1 3

i i 1

[ i ]

T I o I I
0 0.2 0.4 0.6 0.8 1

Energy fraction in shower core
E(Z)
- T, ApxA¢=0.075x0.2
1T e
T ApxA¢=0.175x0.2

R

n

=
<

1F
10"
102
103

10

10°E

T
s

LA AL e B B B B |

ATLAS
Simulation

Vs=14TeV,n =80

— - Electrons

— Jets

1
]
.
|

n
I i
PR (i I 1L S IR BRI

0

01 02 03 04

Energy fraction in back layer

(3)
ET, AnpxAd=0.2x0.2

fi=

=) -0
T, AgxAg=0075x02 + E

E T, ApxAG=02x0.2

(2) +
T.AnpxA$=0.075x0.2

ATLAS
Simulation

Vs=14TeV,u =80

— - Electrons

— Jets

wliea il

Ll aaal

Ak il FRNEY SRR R AT FRTTE FETNS SERTS S
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Shower width in middle layer

W,

n2

J

L(EP <) L(E xn)

ApxA=0.075x0.2

ApxA¢=0.075x0.2

2

(2,

E

2)
T. ApxA¢=0.075x0.2 E

T,

)
ApxAd=0.075%0.2

|

ellis.kay@cern.ch

10%E E

afe ATLAS 1

10 E_x.'. Simulation E

£ . E

C xxx °'.. \s=14TeV,u = 80 ]

1 02 E lllx .°.. Electron efficiency = 95% =

and L] =5

r xllxx’..o... E

B Axxxx ®ee ]

= e Run2 Iigteee., i

E i 5 o.... ]

r + Phasel:R,,w _cuts iz e .

1 B W, lllll:::!!:’;

- . Phasel:R,w ,f cuts 3

10-1T.|...,l.‘..|....|.K..i..Hl.,..i..,.l....l..,.i
10 15 20 25 30 35 40 45 50 55

LAr supercell structure ina
trigger towerof Anxa¢ =.1x.1

L1 EM E, [GeV]

R = E3xz

n =
E7x2

Tile triggertower




Run-3 Detector Status

ellis.kay@cern.ch

ubdetector
Pixels
SCT Silicon Strips
TRT Transition Radiation Tracker
LAr EM Calorimeter
Tile Calorimeter
Hadronic End-Cap LAr Calorimeter
Forward LAr Calorimeter
LVL1 Calo Trigger
LVL1 Muon RPC Trigger
LVL1 Muon TGC Trigger
MDT Muon Drift Tubes
MicroMegas NSW
STGC NSW
RPC Barrel Muon Chambers
TGC End-Cap Muon Chambers
ALFA
AFP
LUCID
ZDC

92 M
6.3 M
350 k
170 k
5200
5600
3500
7160
383k
312k
344 k
21M
358 k
383k
312k
10k
430 k
2x16
2x20

96.7%
98.3%
96.6%
100%
99.2%
99.9%
99.8%
99.9%
99.8%
100%
99.7%
98.0%
99.2%
87.7%
99.4%
100%
100%
100%
100%
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