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The high luminosity challenge

» Center of mass energy: /S = 14 TeV

» Instantaneous luminosity: 5.0 x 1034 cm
» Average interactions per bunch crossing: (1) = 200
» Integrated luminosity: 3 ab—!

—2 41

Current LHC: ~25 vertices
ATLAS phase II upgrade ===
» Major upgrade of the ATLAS detector to
maintain or improve current performance
under new challenging conditions

» Six Technical Design Reports (TDR) and
one Technical Proposal (TP) describing
motivations, performance and technical
details

High-Luminosity LHC: ~200 vertices

This talk will focus on three physics benchmarks that highlight the phase IT
improvements: HH—4b — EW WEW=jj — Measurement of weak mixing angle
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The upgraded ATLAS phase Il detector

) Electronics Upgrade

gladec! '!'l.lgger and - LAr calorimeter High Granularity Timing
Aquisition system - Tile Calorimeter Detector (HGTD) 2.4 < |n| <4

- Muon system

Other ATLAS phase II Repiucement of the Inner Detector
talks in this session by a new Inner Tracker (ITk)

(All silicon tracker up to [n| =4)
New Muons chambers

in the inner Barrel region
Earlier today: Calorimeter System

Later today: ITk (Strip), HGTD, Muon system
(Micromegas), ITk (Design and layout), Muon
System (HL-LHC overview), Muon system (MDT)

Tomorrow Morning: Trigger system

... will cover how ATLAS is achiev-
ing the performance I’ll show today

Expected performance of the upgraded ATLAS experiment for HL-LHC
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Non resonant HH production in the bbbb final state

Higgs pair ction is a principal goal of the HL-LHC programme e H
» Enable m ment of the Higgs self-coupling Z:D".\\
» Small cross section — Use dominant H — bb mode --- ,f,’
» Combination with bby~y and bb7 to increase sensitivity
---H

R A AR R
0 Mulijet

[ 1 (al-hadronic)
B @ (non-all-hadronic)
—— SMnon-resonant HH

T T
ATLAS
S =14TeV, L =3000 1™

Analysis based on an extrapolation of 2015+2016 results

» 4 jet trigger and offline selection of 4 b-tagged jets with
Pr > 65 GeV (Anti-kr with R=0.4)

» Two Higgs candidate pairs required to have an invariant
mass consistent with the Higgs mass

TDAQ TDR

» Additional requirements on Py and on AR and An
between the two candidates

107,

200 400 600 800 1000 1200 1400 1600 1800 2000
Corrected m, [GeV]

What detector upgrades will help this analysis?
Improvements in b-tagging (Identification of jets containig a b-hadron decay)
Maintaining a low Pr cut for the jet selection
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Improved b-ta;
>

Better tracki
re-optimisation
conditions

sing MV2 (Multi-variant tagger)

ormance, extended |7| range and
algorithms for ITK and HL-LHC

Improvement of up to 20% on final limits

u-jet rejection

Non resonant HH production in the bbbb final state

ITk Pixel TDR
T T T T T T T
ATLAS Simulation
s=14TeV, tf, <y>=200
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bjet efficiency

Analysis very sensitive to low Py cut — Low Trigger Pt threshold required
» Global Trigger (offline-like jets at L0O) and HTT (Hardware Tracking Trigger) to achieve 65 GeV

AHNN

» Without Global Trigger — Pt cut 75 GeV and 25% sensmwty loss
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Electroweak production of W* W= jj

Ideal channel to study the EWSB mechanism
» EW production dominant to QCD in W* W=}

» EW production contains Vector Boson Scattering (VBS)
diagrams and not VBS diagrams

'VBS contribution enhanced in BSM scenarios

ATL-PHYS-PUB-2017-023
T T T T T T T T T
E ATLAS Simulation Preliminary T W Wi €%)
r B [ wz/y* (QCD+EW)
Is = 14 TeV 3000 fb !, <u>=200 [ Other backgrounds
Extended jet vertex req. & e/j range [ wwij (D)

Events

Particle level analysis with smearing functions derived 10°
from simulation of the upgraded ATLAS detector

» Same sign dilepton selection with additional jets 10
and moderate EJ"°

» Kinematics cuts to enhance VBS conribution

Leading jet

What detector upgrades will help this analysis? Forward tracking for jets, electrons and
muons Improved Muon reconstruction Reduced material budget
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Electroweak production of W*W=jj

the tracking and the muon reconstruction to high Eta

ion to extending object reconstruction it helps with pileup jet rejection
ertex Requirement (JVR) only possible within tracking coverage
cking <> jet Py threshold increased to compensate

» Increasing tracking coverage allows same Pt threshold for full range
» Improvements both in expected signal significance and precision

Range for JVR; Lo L. Significance Precision
Significance | Precision || . .
lepton Range improvement | improvement
No forward tracking [mjet] < 2.5, neu| <2.7 17 4.5% - -
Forward tracking for jets, electrons and muons | [1jef| < 3.8, |7e,,| < 4.0 19 4.0% 15 % 13 %

Improved muon reconstruction with ITk and

upgraded muon spectrometer

Muon Spf(‘tmmftfr TDR

= T
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miss-identification
ITk Pixel TDR
: :

Less material budget — Less electron charge

10"

charge-flip probabilty

10°

107

T
ATLAS Simulation
4 Run2LHC

4 ITk Inclined Duals, <> = 200
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Z—ee MC
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Precision measurement of the Weak Mixing Angle

Z boso
fermions

es different to left- and right handed
_ N(cos@" > 0) - N(cos 8" < 0)
~ N(cos@* > 0) + N(cos 0 < 0)

Arp

»  Asymm the angular distribution of dilepton

events 0* :angle between the negative lepton
» Size of the asymmetry at the Z pole depends on and the quark in the Collins-Soper
the weak mixing angle frame of the It~ system

» Sensitive to BSM through radiative corrections

High Granularity Timing Detector (HGTD) TP

©0.05 — . 0.8
& %ch.sTefl?oz?ltLo‘n Preliminary pry 3236 1
Particle level analysis with smearing functions derived DL =g
: Sawa, -
from simulation of the upgraded ATLAS detector oo B sersty oy 1
g Exp. sensitivity ITk + HGTD —0.4

» Extraction done minimising x? of particle level o i
Ay with different hypothesis E o2

» ID requirements and track-based isolation to 1
reduce miss-identified jets contribution

» Best sensitivity with di-electron pairs with one ~00tf
forward electron oot ) 04
| 1 | | | | 3|
60 80 100 120 140 160 180 200
m,, GeV

A2sin? 0 = 18 x 107° £ 16 x 105 (PDF) £ 9 x 10~ 3(exp)

H. de la Torre, MSU Expected performance of the upgraded ATLAS experiment for HL-LHC 810



Precision measurement of the Weak Mixing Angle

HGTD can be used toassign time to leptons and nearby tracks

in the forward region

» Reject tracks which come from other interactions but are

spatially close

» Addition of HGTD keeps the isolation efficiency above 80%

even at high pileup density

LAr TDR

Efficiency

ATLAS Simulation
. ITk Inclined
0.1F Z~— ee, <u>=200

M

« Tight

L I
20 40 60
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L L
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EGen Electon [Gey/]

etector upgrades will help this analysis? Timing measurement using HGTD,

sion of tracking coverage and Good overall electron identification

HGTD TP
+  ATLASFuISimdation Prdiminary —s— fmk-only
15=14TeV, <> = 200
1= Z-oe'e
HGTD

& (p;
T
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0.

Cut-based results on electron ID show similar performance as
Run2

» Full optimisation and re-training of multivariate
discriminant is still under investigation

ITk alone provides a 40% improvement on significance by
adding track isolation in the forward region while HGTD
brings an extra 13% improvement
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» Most sub-detectors will undergo major modifications to one or various areas

» Complete replacement of the Inner Detector by the new ITk
» 6TDRs and 1 TP available that discuss performance and technical details

Three benchmark analysis shown with emphasis on how the upgraded detector helps
performance

» B-tagging, pileup-jet rejection, object reconstruction, extended tracker, Timing
measurement, improved trigger.. — Many more I did not talk about!
Keep an eye out for other ATLAS speakers in today’s and tomorrow’s sessions for many
more details on the HL-LHC ATLAS upgrade!

Results obtained from

[Tk Strip TDR Tile Calorimeter TDR

Muon Spectrometer TDR TDA.Q DR
LAr Calorimeter TDR ITk Pixel TDR
r Calorimeter HGTD TP
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Full selection for W* W= jj analysis

Selection requirement ‘ Selection value
Number of leptons 2 leptons with pp > 25 GeV
Dilepton separation and charge ARpe > 0.3, qo ~qu, > 0
Dilepton mass myge > 20 GeV

Zee Veto [Mee —mz| > 10 GeV
s Emiss > 40 GeV

Jet selection and separation at least two jets with AR, ; > 0.3
Dijet rapidity separation Anj; > 2.4
Number of additional preselected leptons 0

Dijet mass myj; > 500 GeV
Lepton centrality (>0
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Diagrams for W* W= jj production
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Higgs boson production in uu and 4 final states

Pixel TDR
T T

T T T

4.5 ATLAS Simulation _+__-

aF Vs = 14 TeV, 3000 fbo!
50 x 50 um” pixels

Higgs preci
» H-2Z2Z d H— pp measurements present
opportunities to make precision measurements of

the Higgs boson

Width [GeV]

» Both channels profit from muon measurement

—— —e— H o ap, 1Tk

improvements, extended tracking and muon e Ho s Run 2 S
i i i 05F —a— Ho e
identification. e HoumRing
Qs T s e 2 s s
i

Vector Boson Fusion (VBF) topologies are of particular interest
» Two well separated forward jets
» A new trigger module , the forward Feature Extractor (fFEX) will handle full granularity
forward calorimeter information 2.5 < |n| < 4.9
» Possibility of defining Inclusive VBF triggers
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B-Physics performance

very dependent on dimuon trigger — (6 GeV,6 GeV) thresholds x75 Run-1

statis
Bs mas ution improved with ITK
> bs P ATL- PHYS PUB-2018- ()()5
o oy ATL-PHYS-PUB-2018-005 _ R — : q
2 T aras smvaon ceees B mass g E ATLAs ‘Simulaton Prelminary 3
= = 14TV, e Run2(BL), () =22 = OS5F g, - 3
B 008} B7vw DMKkeds —=— MMk Incined, ) = 200 —| =y E wurkmg pointX75 RunL Statises g4 sy 1
H T = o4 A
H t E i B
§ 008l L. E - 0_3? —— SM prediction E
& o2F E!
0.04~ - E E
0.1; E
0.02f- 1 o E
‘ A ST
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m(B) [GeV) B(B® ~ u )10
E: 014 Ar;us imton a‘.ﬁun,;jﬁ}ériﬂl » T
5 E R
Bs —-Jivo 012 neue e S ]
» Improved decay time resolution due to upgrade o - E
. Pixel TDR
Inner Tracker oosy T, e
. M v 4
» Proper time resolution very sensitive to reduced 08
material budget. 004 e q
0.02f- L B
10 20 30 40 50 60 70 80 90 100

p,(B) [GeV]
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T-lepton reconstruction performance

Tau trigger improvements also an important part of TDAQ upgrade. Many more details

in talk tomorrow “The upgraded trigger system and di-7 trigger strategies of the ATLAS

H. de la Torre, MSU
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Jet reconstruction performance

High-Pt and b

HL-LHC specific optimisation and despite the higher (1)

ed (large-R) jet performance shown to be similar to Run-2 even without

Tile TDR Tile TDR Tile TDR
g ! § R =
2 02 (5= 13Tev a2t ATLAS Internal Simulati £ Run2 (s=13TeV q>=21 ATLAS  Internal Simulation o
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RMS(E:\ss,rm_E?.ss,lme) [GeV]
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Missing transverse energy performance

Missing

ts from the increased tracker acceptance — Enables pile-up rejection in

the forward region

Improvement due to HGTD currently under study — Improved pileup rejection

HGTD TP
2 10% = T 3
Pixel TDR g E el H JGTD Initial El
80~y £ TSI e ]
E E| s .
58F- ATLAS Simulation \s=14TeV, <p>=200 - 3 10 E
s ITkInclined Duals PU 1 € ]
£ *ITk Inl<25 Jets Rejection=50 E g e N
545 =itk <25 PowhegPythia t { E 10 2
52 eIk fulln coverage - E ATLAS Simulation Preliminary 3
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095 1
Efficiency for hard-scatter jets
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Electron and photon trigger performance

electron and

and topo-cluster building in Global Trigger allows for improved L0
triggers

» Eiao variable, currently used in HLT and offline, discriminates between isolated
electrons or photons and 70 decays.

» Topo-cluster based isolation also possible

E

TDAQ TDR

ratio =

ATLAS Simulation

Rate [kHz]

ratio
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Ehighest energy cell ~ Eand local maximum energy cell

Ehighest energy cell + Eand local maximum energy cell

TDAQ TDR

j ATLAS‘ S\mula‘llﬂn
10° V5 = 14 TeV, 9u>=200
« Phase-1 Selection using eFE:
-, « eFEXplusE_ in Global ]
. « eFEXplus E_and Topoclustel
.. Isolation in Global 1

20 25 30 35 40 45 50
Online Electron E, Threshold [GeV]
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