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What to expect at the High-Lumi LHC

> Start mid 2027, 10 year period
> LHC will hit all design parameters:

» design COM energy of \/E = 14 TeV
»  Lumi intensity: up to ~4 x Run 3 £

(5 —=7.5x10°* cm™?%s71

» Corresponding to pile-up of 140-200 proton

interactions/evt

» 1.8 vertices/mm!

-> and with extreme local variations
> Providing majority of our dataset:

» Total collected data ~ 3000-4000 /5!

1t @ PU=200

ATLAS

EXPERIMENT

HL-LHC tf event in ATLAS ITK
at <p>=200
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https://lhc-commissioning.web.cern.ch/schedule/HL-LHC-plots.htm
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ATLAS Upgrade opjectives

ATLAS Physics Objectives SM properties (W mass, weak mixing angle, Higgs couplings... )
to be probed with fine, ~1 % level, precision!

> Precise SM measurements of Higgs properties and
Higgs & EW physics

Electroweak processes : o
» Higgs (self) coupling measurements, my, m,,, ,, Sinzé’eff N
> Direct searches for new particles g R ]
» SUSY, dark matter, high new energies,
long-lived particles. Lepton flavour violating o
> Probe flavour physics: T — Uy o Flavour physics
» Charged lepton flavour violation, top FCNC, rare B decays LHCD, ATLAS, CMS cross-checks on tlavour
y physics anomalies
> Improve (O (1072)/0(107°) sensitivity on
> forward physics measurements . top FCNC/T FV sensitivity on
» Measurements in vector boson fusion (VBF) & vector boson C———
scattering (VBS) topologies L YR

> Knowledge of proton parton distribution function (PDFs)

> Total integrated luminosity measurements. VBS & VBF top;,,og,-es q

More sensitivity to physics in forward region




—'—

ATLAS Upgrade opjectives

ATLAS Physics Objectives SM.nroperties (W mass, weak mixing angle, Higgs couplings... )
~~probed with fine, ~1 % level, precision!

Precise SM measurements of Higgs properties an: Low (lepton) trigger

Electroweak processes g H
P o thresholds
» Higgs (self) coupling measurements, myy, m,,,, Sin“0, b
Direct searches for new particles > g o
» SUSY, dark matter, high new energies,
long-lived particles. Lepton flavour violating | Precise tracking
Probe flavour physics: T — U )
» Charged lepton flavour violation, top FCNC, rare B decays LHCD, ATEAS SWrSTIOSs-checks on flavour
y physics anomalies
Improve (O (1072)/0(107°) sensitivity on
» forward physics measurements top FCNC/z FV sensitivity on
» Measurements in vector boson fusion (VBF) & vector boson Hermetic
> Knowledge of proton parton distribution function (PDFs) <

L §
J- . _-"

q 94

VBS & VBF topologies

> Total integrated luminosity measurements.

(4
71 /

More sensitivity to physics in forward region
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ATLAS Upgrade opjectives

To achieve

ATLAS Physics Objectives

>

>

ATLAS Detector and Data Processing Objectives

Be for over 10 years.
> 10x greater w.r.t. LHC.

suitable for increased rate
and occupancy

> Read-out rate: 100 kHz (Run 3) -> 1 MHz (Run 4+)

New components using new technology for

>

g under
increased pile-up.

> And be even better.

for best possible performance, faster
processing online & offline.

Maintain
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ATLAS Detector Upgrade o crview

New Small Wheel (endcap) [PHASE I]
New electromagnetic calorimeter trigger More muon chambers [PHASE II]
processors with increased granularity [PHASE I]
Calorimeter
front-end electronics upgrade [PHASE II]

Phase | Muon New Small Wheel TDR
Phase |l Upgrade Muon TDR

Phase | Liquid Argon Upgrade TDR
Phase |l Upgrade LAr TDR

Phase Il Upgrade Tile TDR

Replacement most front-end
electronics for suitable readout
and radiation tolerance
[PHASE II]

Improved TDAQ system,

with increased readout bandwidth, NEW Inner Tracker (ITk)

higher granularity, sophisticated LO algorithms [PHASE II]
[PHASE II] |
Phase Il Upgrade TDAQ TDR NEW High Granularity Phase Il Upgrade ITk Pixel TDR
Timing Detector (HGTD) Phase Il Upgrade ITk SCT TDR

[PHASE Ii]

ITk Expected Tracking Performance

Phase Il Upgrade HGTD TDR



http://cdsweb.cern.ch/record/2285582
http://cdsweb.cern.ch/record/2285583
https://cds.cern.ch/record/2285584
http://cdsweb.cern.ch/record/2719855
http://cdsweb.cern.ch/record/2285585
http://cdsweb.cern.ch/record/2257755
http://cdsweb.cern.ch/record/2669540
http://cdsweb.cern.ch/record/2285580
http://cdsweb.cern.ch/record/1552862
http://cdsweb.cern.ch/record/1602230
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Calorimeter Upgrades Overview

Layer 3

PHASE | LAr trigger “FEX”s srvao = 01101 g

> Level-1 trigger processing of higher granularity “super cells”,
with depth information

» eFEX: Electron/photon reconstruction in EM; jJFEX: jet
reconstruction in EM+HAD; gFEX: global event
reconstruction.

(30

For improved energy resolution in first level hardware trigger.

> i | | | ]
_5 1i' """"""""""""""""""""""""""" 2
= [ATLAS Simulation - PHASE Il calorimeter readout upgrade
= 0.8 — . . .
% i : > 40 MHz free-running data readout for trigger processing.
= 0.6F | Expectedimproved - Provide Level-0 trigger full granularity cell energies above
- 4 trigger turn-on curve
i | for a single jet trigger threshold.
0.4 _ — ' ' ' . . . .
I <u> =80 ] with W’thO“t”“S’”g ~ Improved digital filtering, dynamic range.
- e Default Sliding Window  _ SUPEI=Cells. . _ , o
0.2 — > Suitable buffering, suitable radiation hardness.
i e Super Cell Sliding Window | o _ _ _ _
I | | - To mitigate degradation in calo resolution noise term due to
% 50 40 60 80 100 pile-up.

pT(Ieading jet) [GeV]
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Muon Upgrades oyerview

> ~ 0
> 1 = 2 | —
S 0.9E 2 i ]
PHASE | Upgrades: New Small Wheel (NSW) i:,’ 08 R N o [ -
> - L 0:7;;- 53 _g g% - )
NSW replacement of muon end-cap system 06E < ATLAS Simulation = 0.6] -
. . T E % J L ©
» small-strip Thin Gap Chambers (TGCs) as o5E ¢ Threshold p _ = 20 GeV 3 ATLAS Simulation Preliminary-
. . . . - d - Barrel, Large sectors 199" 20 GeV |
primary trigger, with < 1 mrad resolution 04E ¢ i <1.05 E A S 0 A F o T -
03F @ 3/4 chambers + BIBO = = Offline 7
v Mi i i "~ E ; »  3/4 chambers ; T
I\/Illcrol\/legas for prlma:ry traCkmg’ 0.2 § o 3/4 chambers with BO hits 0 102 S S P hase"RPC ________________________ |
with < 100 pm resolution 01E # + 3/3 chambers E | " Phase-llRPC & MDT 1
E.ﬁ....|....|....1....|.l..|....|....| ........ : | T
% 10 20 30 40 50 60 70 80 98 Jo0 0 . =0 30 20 50
oA Y En:L EOL pT[ eV] truth muon p_ [GeV]
RPCs Additional RPC chambers increase efficiency Expected Level-0 muon trigger efficiency
19 - /1 from relaxing number of coincidences at HL-L.HC with and without MDT
>
=02 laf ] Teos PHASE Il Upgrades: More chambers
1
H » New Resistive Plate Chambers (RPC) in barrel will increase trigger
| efficiency.
End-cap ] . . . o .
magnet » Monitored Drift Tube (MDT) chambers (higher precision) integrated
at LO trigger for seeding.
p A e - Endcap TGC doublet chambers replaced with TGC triplets for more
Highn  grGCs reliable triggering.

tagger

> Together with NSW, reduction of fake rates in end caps for trigger.




New Inner Tracker (ITk) - Phase I Description

> A full silicon tracking detector replacing entire Upgraded Inner Tracker

current 10 year old tracker at end of its lifetime.
R = 1000 mm

All silicon out to

1000 mm

Run 2 Inner Detector

r R =1082mm

TRT '] '} '] '}
Si pixels, inner radius 39 mm
(34 mm in latest geometry)
\. . Transition Radliation -
f R=514mm Tracker: Lower _ Si StI'I,OS
S precision gaseous RUN2ID < Tk (with stereo angle)
- S “straw tubes” ,,
L R =299 /IRT "
mm \

Si strips
(with stereo angle)

R=122.5mm
Pixels { R = 88.5mm Si pixels, inner I
R = 50.5mm . A
radius 33.25mm , -

R =33.25mm
R=0mm 1066 $63 514 299

122 33 39 279 405 1000 [mm)




New Inner Tracker (ITk) - Phase I

> Strip subsystem:

Description

> 4 barrel strip modules, 6 end-cap disks, E 1400/ATLAS Simulation ~Preliminary =
replacing also entire Run 2 TRT detector. a0 E
> Pixel subsystem: 1000 - Strip
B n=20 -
> 5 (Run2: 4) barrel pixel layers with 800 E +
innermost radius of 39 mm (Run2: 600 - Pixel
33.25mm) 4005 ‘ .
> 5 inclined or vertical rings: 200 P T e
’ é%(;eptance out to n| =4 (Run 2: |n| = 0o 1500 2000 2500 3000 3500
" Z [mm]
> Inclined modules maximising I Sy v e e S e
sensitivity to hits & reduce amount of E ago ATHAS Smulation Frelmnary e
silicon needed. 3S0E” ( Fso
| | , e LLALA R0 4 U B I N U BN =
> Pixel pitch S0x50 pum~ (Run2: 250_ | = Pixel
50x400 pum?, Layer 0: 50x250 pm?). - | E only
100 s "
50L& E
NOTE: Latest public results shown. New performance plots coming o~ =

SR I R R
3000 3500

Z [mm]

out soon with updated [Tk simulation with main changes: Tighter Pixel .~~~ 27 27

layer-0 inner radius of 39 mm -> 34 mm; accurate material budgeting,
iInner-most barrel layer plxel pitch 50x50 -> 25x100 ,umz.
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New Inner Tracker (|

TKk) Improvements

. o o e ATLAS | I PPadendone  AT] A Preliminary
> SUﬁlClently radlathn tOIerant (Up tO 99 MGy) % 5:_ z $i|teacr:irlijcni|g§<;:ir?ggPipes 7] §m 2.5:_ Q%Str?p services and cooling E}l(rgl;ﬁtlon
with replacement of 2 inner layers after S [ W SwpotStucure 3 E T T somodues
—1 © _ W Pixel Ch'ps ............. ] E 2l = Pixel services and cooling
2000 fb . E 35._.-‘%"222:22280% 1 _Z - ngxe: sup(;)olrts
B | N 1'5:_ i Z(aemmci)::lj
> New front-end chip design: E < S
B 7 7] 1__
> Design by CERN RDS53 collaboration ="\ —H mun2 |
for both ATLAS & CMS, using 65nm CMOS - T | e =
e b— L E aasesizsiisssaiesss VN IR
technology. Neess ; e i
. . . n n
» Sufficient radiation tolerance, greater readout
rate (> 5 GB/s).
= . IR L L L L L L L
> Reduced material budget -> less hit loss/ 2 ,.f ATLAS Simulation ik Layout 5!2200
Scatterlng. E C Prelimingry singlgu, p_=1GeV 3 —2000
. . . S 30F 3 —1800
> Serial powering -> less cabling. o - 1 1600
. . = - -
> Lower read-out chip power consumptions -> 3 1400
lighter cables, reduced cooling requirements. 20 —1200
L —1000
» Geometry and material improvements means 15 800
better hit efficiency: 0 1600
> Minimum number of hits/track for ITk: 400
9 hits (Run2: 7 min. hits) -> refined track T 300

measurement.
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= Dbl



https://rd53.web.cern.ch/
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New Inner Tracker (ITk) Performance

Efficiency

Track reconstruction
efficiency vs n

ITk Layout

Fake Rate

Fake rate vs n

[ ATLAS Simulation Preliminary ]
B ITk Layout —o— Tk, <u> = 200 -
B ATLAS-P2-ITK-17-04-02 B
0.95— tt, p,>1GeV —]
[ rmmeeees : _
— ——@——teeeenaas —
0.9 : —— —
- —.—: —— —
| . —— —
I :—.——.— —
0.85— : ° —
o Larger n acceptance w.r.t. Run 2! -
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e e -
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true track |
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[~ ATLAS Simulation Preliminary ]
1 0-2 __ ITkLayout 7 A2, > =29 =
= /iTLAS-PZ-ITK-17-O4-02 T, <u> = 200 =
i, p, > 1 GeV ]
10° Much improved =
C e e L due to high number
jotkest e " of precision hits _
B Y ® —— e 4 _
107 _———¢—+ =
10°° = Higher # precision hits/track for ITk 3
1 0—7 ] 1 1 1 I L1 1 1 I L1 1 | I 1 1 | I 1 1 1 I L1 1 1 | 1 1 1 I 1 1 1 |
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1 I |l T 1 T I 1 T Ll 1 I 1 T 1 T I Ll T 1 T I

1 1 Ll T | 1 T 1 T
----- Run-2, <u>=2

dO resolution
Comparable to Run 2

Improved tracking ->
Improved vertexing,
flavour tagging

z0 resolution

Better than Run 2, as
smaller longitudinal
pixel pitch.
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HGDT will provide hit timing information
in the forward region.

Why do we want hit timing information in the forward region?

> At higher track |n|, trk zO resolution > pile-up density

> A low pT track would be associated to
<avg> ~9 interaction vertices!

» Need additional information to distinguish tracks from
different vertices and regain performance in forward
region.

> Provide bunch-by-bunch luminosity measurement

» Luminosity uncertainties expected to be dominating
uncertainty for key Higgs analyses.

> Uncertainty is systematic dominated:

> |Independent sources of lumi measurements needed.

I————mmmmmm
New High Granularity Timing Detector (HGTD) Objectives

E 105 = ' .
= £ ATLAS Simulation
—~ - Single u, ITk Layout, 50 x 50 um?, analogue clustering
N -
© 41
10 = m-p_=1GeV
B —A—pT=1OGeV l_ll

103}

_.__._—.— e A A_'A—A—
1 02 - g R - A_‘A‘_A_ A

oy A-

[ A

n AA

i AAA

AAA
Al—‘_A__A:IATAI—Alllllllllllllllllllllllllllllllll
0 0.5 1 1.5 2 2.5 3 3.9 4
true track m|
Cp ~ 2

Analysis channel Z % Largest uncertainty Ao [ ogp
Cross section for ggH(— 77) Photon isolation efficiency 1.9%
Cross section for ggH(— ZZ%) Electron eff. reco. total 1.5%

Cross section for ggH + VBF, H — 77 | QCD scale g¢H, pX! > 120GeV | 1.7%

List of dominant uncertainties (excluding the uncertainty on the integrated luminosity) affecting

various expected Higgs boson cross section results at the HL-LHC using 3000 fo—1 of data. An
uncertainty on the luminosity measurement of 2% would be the dominant source of uncertainty
for all these measurements.
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HGTD

Description

» 2 disks either side in gap between ATLAS barrel
and end cap.

> Each instrumented double-sided layer supported
by cryostat/support structure, moderator pieces
for protection against back splash.

> Acceptance at 2.4 < |n| < 4

> Low-Gain Avalanche Silicon Detectors (LGAD)
Sensors

> Enable precision timing, retain signal efficiency
after heavy irradiation

Double sided
layers

Front cover

\

EC LARG :
Cryostat \

| Outer ring

Peripheral
Electronics

Moderator/
Outer part

Back cover

Moderator/
Inner part

CO2 cooling
manifolds

!

Anode
Ring

Cathode

Ring
LGAD sensor:
----------- Avalanche Si/iCOI? deteCtOI’ Wlth
Region . .
! internal low gain
e .O h
Depletion l
Region
p-type Bulk
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HGTD

Description

» Custom electronics for processing and
readout

> Custom ASICs with requirement on
radiation hardness and timing precision
+ 40 MHz readout for luminosity
measurements.

> Tolerable radiation level for maintaining
high signal eff. (min threshold of 4 {C
charge)

» < 2.0 MGy dose, achievable if
exchange inner rings after 1000 ifb
(very inner) and 2000 ifb (inner).

> Target track timing resolution:
30 ps - 50 ps (degrades over time)

o, per track [ps]

105 *“ 10I N 20 30 40 50 60 70
20 30 40 50 60 70
Radius [cm]
Expected total radiation dose versus radius

N
43836 34 3.2 3 2.8 2.6 24 6
x10
I | | | | | L 3 L I Tl | L | I | L
; rrrprreoeprrrrprr T p T T T T T >\ — . .
GO 10"~ ATLAS Simulation - O, . ATLAS Simulation i
O s _ ) R D - O Max TID for ASICs with rings replacements and SF 2.25
8 | FLUKA Simulation . 8 2 . 5 . @ Max TID for sensors with rings replacements and SF 1.5 |
(] " L=4000f6" 0 - -
5033;3’ .................. B HO— F— i ol o o -
olable Imlt - Outer Layer 5 O o
3' 7; e -Ie'rLar”“ I i OO O
%, 157 o % B
6 S R S R _ C o9 O
10 ZZ.ijjﬁZiiljiﬁjilﬁiilﬁijili.Ilii.ZiijLlﬁﬁjijﬁlﬁf’jl‘.?;:g;iiljZﬁijiiiﬁﬁijjliﬁﬁlﬁi.jijjLZIZjjiiiiliijijﬁj;ZiIiiIjﬁ.iilliiﬁjﬁjiﬁiii.jijiliIZ.IiII @ ® %‘. @)
.......................................................... C, '(..). 5’ - .. O () @ %
SRRSO AR SNSRI >SN S N Uy O '0‘ %Qz% @ ~
38, i ® i
.................. ... Oogg"‘... L . \ @ . @ i
I L v —————— S 2 T ] = () % .
: ; %550 0.5 ® Q%Qm@
| e ~F o o
I s e s e o ]
| | | | | L1 1 1 | 1 1 1 | | T | I I T
i J[ | | l I l | | [ | I | 1 T

Radius [cm]

Expected radiation dose versus radius
with replacement of inner layers

Time resolution vs radius

n
424 38 3.6 34 3.2 3 2.8 2.6

60 . . ~o— 01b? —=— 2000 b1 ]
| ATLAS Simulation ¥ 1000fo-! =€- 2001fb-! 1
 Muons, p  =45GeV ~A- 1001f6"1  —@— 4000 fb~" ]
[ HGTD
50 I
40
30
_ Track timing resolution with inner
20} .' ring replacements
160. " " .260. i i 1360. " " .460. " " .560. i " .660. i "
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HGTD Expected performance

S 16 ATLAS Smuaton  —-Tk | =
7 q 4f 85% HS efficiency — [Tk + HGTD -
In rejecting plle-up g_ F24c< | < 4.0 Timing scenario "Initial" 1
o | 2:_30 < p'Telt < 50GeV 2 ring layout -
. . . . . al - -
> Using simple algorithms, expect substantial pile-up e Fm——————————————= —
rejection power: S os8f =
o n ]
» Up to factor ~1.4 greater forward jet pile-up rejection o =
over ITk only for 30 GeV < jet pT < 50 GeV 0.4F e
> Note: Also factor > 50 better compared to Run 2 0eE E
. . . . . [ I L | PR S NN TN T T N TN TN T NN SO T TR N _
(of very limited means for rejecting pile-up at [n| > 2.5) 87 26 28 3 32 34 36 38 4
_ _ .é 1601 ATLAS Simulation —— | -
Expect further immprovements on performance as algorithms 8 = VBF H - invisible, (1)=200 ==+~ [Tk+HGTD (selftagging only) J
- . . . o) 14030 GeV<p. <50GeV e ITk+HGTD (t_ only) -
grow more sophisticated and benefit from new ideas! S qopE-24<Mh_|<40 Tkt HGTD =
0 N | Timing scenario "Initial" =
100", —
=S =
Jet tagging via t o 60 —
- consisten — _:
global time f, with 1, 10F =
20: =
f not consistent 2 1.5:“: T | N
with £, £ :
/

Hard Scatter f,
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HGTD

Expected performance

R =640 mm
R =660 mm

g 600 %
. > -
As a luminometer 0 — . , 000 At e R T
= ~ ATLAS Simulation = W bealedsy SERSER RaRe i s
: : O 00 e eolng prate E 2001 gt s e T
> HGTD can provide another independent @ ,f 24<m<2s E RS
measurement of bunch-by-bunch & via 5 20 = ooo Sl T S
hit count, with several key advantages 5 b inear + mulpl it corcion - aof R R
] ] . § 1000;— -_o_ II;Lr‘I?gI;mulation —; E
> Excellent <avg> hit count vs £ linearity, = _F * TovMebasedonutevene soop e
(high granularity) e ~0P0 7400200 0200 4";’([‘;’;
» Good statistical precision (40 MHz v e
g 0_99;*_"*‘*"'* """ ot Rolby Lo e .."g.ﬂ.‘w: o ATLAS Simulation | B
readout, large # tracks). | | BN adulr : Front- and backside of first
S 0 50 100 150 200 i e Ate1s
g Number of interactions - ' T ]

» Good background handle: Signal

sampling within bunch-crossing possible Linearity of < n,,_ > vs i for
ILS

for central and side-band windows of At toy MC and full simulation. 3 E
~ 3.125 ns —> mitigation of afterglow } :
and instrumental noise effects. : -
» Read out at 40 MHz independent of B T

Relative statistical uncertainty in number of hits

<u>

Statistical precision vs [ assuming measurement
time of 1s, for online Lumi measurement

trigger - unbiased online measurement
for each BCID.

Require < ~1% overall luminosity uncertainty for
key analyses at HL-LHC and HGTD might be crucial to achieve this!

\‘}"& e




—'—

Trigger and Data Acquisition

>~ Phase-ll TDAQ 2-tiered trigger system:
> 1) Hardware based Level-0

> New Global Trigger for full-granularity
calorimeter processing, topological selections.

> 2) Software based Event Filter with possibly
hardware-based accelerators.

> Accelerator strategies for online tracking.

> Trigger design to handle

> 1 MHz LO output rate

> 10 kHz final Event Filter output rate to storage.

» Max latency of 10 ps at LO -> > 5x larger latency
to make room for more complicated algorithms.

Event Filer:

CPU-based processing

Hardware Track Trigger

component currently under review,
while considering commodity based
heterogeneous computing solutions

or pure SW solution

Description

Inner Tracker

Calorimeters

ATLAS Detector

Muon System Systems

(

-

LOCalo

e et

\

Barrel NSW Trigger

eFEX

Sector Logic| | Processor

iFEX

Endcap MDT Trigger

Sector Logic Processor

gFEX

4

fFEX

_J MUCTPI

|

|

|

- Global Trigger

- ‘ Event I _
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LOCalo FEXes with higher granularity

super-cell reconstruction

L OMuon with New Small Wheel triggerE

Processor,

PHASE Il MDT trigger processor for :

refined timing

LO Global Trigger:
To process full granularity

calorimeter information, run offline-

like algorithms (e.g. Anti-kT)
Apply topological selections
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TDAQ Goals for trigger menu

- - - - - @ L B B B ) LB B
> Primary aim: Maintain low lepton trigger thresholds, 2 5ot ' ATLAS Simulation E
while mitigating the large rate of QCD jet events. £ 0'85_ Vs=14TeV E
. L @Q VO ; -
> 20 GeV Lepton trigger threshold target maintains > ~50% § 0.7- - — X'VIT v o =
signal acceptance for key signals: 065 T E
W I\, HH bl; : 0.5 E Compressed SUSY —
> W/Z decays (e.Q. — V), — TTbb, new physics : o -
' ' 0.4 (Am (Xz’xo)= 40 GeV)_:
with couplings to leptons (e.g. Compressed SUSY) - -
.. : . 0.3 —
> Remain inclusive by ensuring performance also for 0.oF 3
difficult regions e.g. " E Target , -
: : : . 0-15_Threshold ' NoUpgrade =
> Forward signhatures, displaced or out-of-time signatures, o) S N H I e S ——
signals suffering under pile-up (multijet resonances, 0 20 40 ] 6t° ??1 h1c|)<§)[G 1/210
1. 1.1 epion resno e
HH — bbbb) | PION Py
Increased granularity to Global Trigger will
Trigger Selection - Improve reconstruction in forward region
Offline threShOId E =26 TeV Jet T E 26TeVJet
(GeV) g omr e W03 E e TR
isolated single e § Eﬁi:f gt =h : 0 % 5’2 sz
Isolated single £ ocets I REI TRt | 1 R
dI-Y -ooz By MR = :: _o.o: :
di-T ’ ’ ’ -o:o4§— - " — -o.o4§ ..
four-jet w/ b-jets oos. WigB=h o BE I loor oo
MET _Oioe_bldeéb'de;bldébloa 0 0.020.04 0,06 0.08 _0.08—0 0870.06-0.04:0.02 0" 0.020.040.06 0,08

ltan(8)! x cos(¢) Itan(6)l x cos(¢)
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Rate control & Amssmee
O 108k ° 4%2EM MinBias, ()=200 4 0.7E , ATLAS Simulation E
g 1O7§ jTowers Anti-k. R=0.4 jets, n|< 2.5 - 0.6%— <u>=0, hi<2.4, pt“gger>20 GeV_E
> Online reco improvements important at all levels Lok B E 05 ARG o T E
to control high HL-LHC rates: s B o . ®  ©Phaserll(RROOrTEC) & NDT
4§ 0.3F «Improvements in muon rates
> Better online energy resolution, better fake 10 ¢ E 0.2F **  below threshold with MBT
- : : - - o o 60 kHz 0.1k - e - =
rejection, smarter algorithms at LO, will purify 10 e i, (8O KHZ > 30 kHz) -
: : 10 e e e 3 0 10 20 30 40 50
trigger selection and reduce rate o s Offine p._ [GeV
> Use online traCkmg early on to mltlgate plle up 15 <J— Use of Global Trigger will allow lower thresholds
jets, to improve measurement of E *> and to 107 50 30 140 960 80 500 550 while Coni‘(folling rate from improveC)f energy
resolutions (e.g. Anti-kT jet clustering) & tighter
enable lepton and photon |dent|flcat|on Leading jet p_at 95% efficiency [GeV] cuts (e.g. energy ratio & isolation requirements
on leptons)
N 405 gy gt i g o i~} S L L B B I
E = ATLAS Simulation 5 T sF  ATLAS Simulaton ~ e
= : HL LHC Trlgger v—_14 TeV : ﬁ 10 ? ....... HL_LHCTnggerr_14Tev ............................................................................ I ATLAS Simulation
D ot HHBBb AN =200 4 Qs BHTB=200 = 10°F v {s=14TeV, cu>=200 E
< - J?t '"'<25 —§— Lo ' 3 © Je‘P >20 Ge"_ é : tﬂ,. Tracker Coverage = . e Phase-1 Selection using eFEX -
'8 3 — . : Wlth ReglonaITrackmg Reqwrer.nents = o 104 L @ ....................... ........... E ........ T rackp >%- GeV h1l<40 ....... o - e eFEX plus E o in Global -
8 10 E_. ....... ............ .. ........ ......... :___?_.__., ::::t::; ﬁ:z :.::::z .......... ._g g 3; . o . Trackp >2 GeV h]|<40 _:-.- ...-._-.-.- . eFEX plus Eratio and Topocluste?
=4 ¢ ¥ Trckpp4GeV,m<a0 ] % 107 " *Te, *., lsolationin Global ]
N 102 S ............... ............... . ........... I S Trackp >BGeV lnl<¢0 .......... = R 5 ;— ol -.-_':'__._-.- -0-_.__._ B
m R | @ 1o : By, e, :
105_ ....................................... "’m.“;’&" ...... ......................... E = i 3;_:& .¢.+++++ ]
1§_ ....................................................... — ............... gy M ......................... _g 10-1 ...................... ....................................... *&%ﬁfﬁﬂT ........................... lllllllHIHI]I”HIHHII#‘*&
ST FUUEN FUUUR PR U PR PR PO PO SN S il 20 25 30 35 40 45 50
20 30 40 50 60 70 80 90 100 110 120 100 150 200 300 350 Online Electron E. Threshold [GeV]
4th Truth Jet p_ (90% eff.) [GeV] Offline MET (95% eff.) [GeV]
Estimated rate control from using tracking to Estimated rate control from using tracking to T mm
identify pile-up jets in multijet events compute track-based soft term for E%/I‘SS
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ATLAS Physics Potential i, s self-coupling

> Higgs self-coupling possible constraints with 6000 ifb

(ATLAS+CMS combined)
> Trigger will be key to maximising statistical precision

12
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ATLAS and CMS HL-LHC prospects
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coupling of 0.5 < k; <1.5
at 68% CL possible
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95% C.L. Exclusion Limit on o/ag,,

Minimum offline jet P, [GeV]

While sensitivity to New Physics enhanced.
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ATLAS Physics Potential ..., mixing angle
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ATLAS Simulation Preliminary " - Expected sensitivity on forward backward
LEP-1 and SLD: Z;iole average - + | 0.23152 + 0.00016 asymmetry in Z — ll Wlth bOth /eptonS in
LEP-1 and SLD: A_, ——e—— | 0.23221+0.00029 . :
— — forward region, using
SLD: A, ——— 0.23098 + 0.00026
Tevatron B —_— ] 0.23148 + 0.00033 m 005 ) . 08
— —_ L ~ ATLAS Simulation FF 3.2-36 m
LHCb: 7+8 TeV -~ 0.23142 + 0.00106 < L {S< 14 TeV. 3000 fb Y 2:e2:0
CMS: 8 TeV B L am—— | 0.23101+0.00053 < 0.04 | — A | e
ATLAS: 7 TeV B o —_ | 0.23080 +0.00120 L — Asin®e,, = 40x10” N 0.6
ATLAS Preliminary: 8 TeV B | | 0.23140 + 0.00036 - (I:E” 4 I:glnl_s? E,t”OIer . -
HL-LHC ATLAS CT14: 14 TeV B —— | 0.23153+0.00018 0.03— Eiz sen s:tzzifi"ifk';ﬁyé%b """""""" N 0.4
HL-LHC ATLAS PDFALHC15,, ,,.: 14 TeV | —— | 0.23153 +0.00015 - =
HL-LHC ATLAS PDFLHeC: 14 TeV B . . - _ | 0-23153+ 0.00008 0.02 IO N .
023 0231 0232 T 0.2
sin’e’ ] B}
0.01 1
. . : . . A s SO =0
» Projected ATLAS limits on Slnzé’eff shows precision of minimum N - —
+/-~18 X 107>, resolving current discrepancy between LEP and - S | 05
SLD —0.01 :_ ....................... )
> Via forward region access with ITk + HGTD, expect - 0.4
+/_ 16 X 10_5 (pdf) +/_ 9 X 10_5 (exp) —0.02 :_II ..... o I Il ..... o l ll ..... o II I :
» PDF uncertainties dominate -> further improvement with 60 80 100 120 140 160 180 200

new PDF measurements! -
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ATLAS Physics Potential

> Meanwhile, very central region remains
interesting:

ATLAS Run 2 di-jet
event, m;; = = 937TeV

> Di-lepton/di-jet resonance bumphunts wiill
access higher masses with greater statistics
and with higher collision energies.

Expected limits on m, for Z' — [l + theoretical Z" x-section

of a E6 gauge group model [Yellow Report Vil]

:l | | | | | I I | | I | I | I | I | | | | | | I | | | I | I:

10" B ATLAS Simulation Preliminary  ___ Expected limit ]

= \'s = 14 TeV, 3000 fb’ B Expected+ 1o -

ol Z — Expected+ 26

10 §— —7, —§

107 = =

10 = e

10° 3 E

'7 _l | | | | | | I | | = :é_) | | | | | | I | | | | I | | | | | | l—
1077773 4 5 6 7 8

crucial for remaining
unsaturated at high
energies at HL-LHC

ff resonances

@0' 1_I ' . '. L L """'|""“"'|“'Tm|w
| ATLAS Preliminary  Vs=13TeV, 3.6-139 fb
| 1/m,=0.15 July 2020
I
0.4 EF/me=097- ATLAS Run 2
03k di-jet searches
Also low mass single v B
searches remain 0.2 [ teser ==
Important for rare new | //\\ -----
physics uncoverable 0.1 {tﬁgj;éf
with more stats. B .
Rely on tricks to / i y/\—_o\s
overcome trigger ~ 0.05} - 7 e -
thresholds (dijet+y ISR, 0.04| 3"?'1V§°t°r mediator 06 -
data scouting.) 008155360 7000 2000 .
m, [GeV

95% CL upper limits

Observed

-- Expected

Boosted dijet + ISR
36.11b

Phys. Lett. B 788 (2019) 316

Boosted di-b-jet + ISR
805"

ATLAS-CONF-2018-052

Resolved dijet + ISR

798 &7
Phys. Lel tl B795 (2019) 56

Resolved di-b-jet + ISR

79.88&76.6fb"
Phys. Lett. B 795 (2019) 56

Dijet TLA
368&293f"
Phys. Rev. Lelt. 121 (2018) 081801

Dl-b-Je'[
243 &1391b™

Phys. Rev. D 98 (2018) 032016
JHEP 03 (2020) 145

Dijet

139fb !

JHEP 03 (2020) 145

Di(jet angular
3701
Phys. Rev. D 96, 052004 (2017)

—_— tt resonance 1L

E Phy J.C 78 (2018) 565

—— tt resonance, OL
139fb !

arXiv:2005.05138

Dijet + lepton

JHEP 06 (2020) 151



https://inspirehep.net/literature/1722300
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Upgrade Status

PHASE | PHASE II
> Muon New Small Wheel: > ITk:
> After some initial delays installation of both Wheels g PtFOJ'eCT entering pre-production
stage.

underway.

> New Small Wheel Endcap A to be completely " 8%'33"8 of ~halt year, mainly due to

installed mid July.

C > HGTD:
> New Small Wheel Endcap C commissioning started,
to be installed in Autumn. > TDR approved ~1 year ago. Lots of
_ various activities such as test

> EM calorimeter upgrades: beams for sensor testing underway. =r=emmmm =S

» Delays for eFEX due to global chip shortages > TDAQ: . )

> Production and commissioning underway on all FEXs. > Accelerator solutions for tracking at ¥ >’

.2 g Event Filter under review: B> &y

> Custom based, commodity
based “heterogeneous” or pure
SW based solutions being

studied. ITkPixv1 wafer and chip

Installation of final (RD53 collaboration)
sector on

New Small Wheel A (left)




Summary

> HL-LHC will provide tough running conditions:
> High radiation, high occupancy, high rates

> However will also present opportunity to improve
measurements from statistics precision AND beyond:

> New detector components will give ATLAS access to
new phase space

> New Inner Tracker to extend tracking to |n| = 4.

> New High Granularity Timing Detector to afford
precise timing measurements for the first time in
ATLAS

> ATLAS has broad physics program ahead which
relies on exploiting as much as possible new
upgrades

> Will be able to probe new physics by testing Standard
Model properties or searching for new signals directly.
Many possibilities for new physics exist...

New particles out-of-time
Anomalous electroweak or out-of-place?

coupling?

New particles in

New physics in SM Higgs light-by-light scattering?

physics?

New physics at extremely W
high masses?
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NSW Upgrade

» Efficiency of WH associated production with W — uv
&H — bborH—> WW™ = uvqq’

L1MU threshold (GeV) H —bb (%) H — WTW~ (%)

pt > 20 93 94
pt > 40 61 79
pr > 20 barrel only 43 72 » Expected L1 rate for different pT thresholds & with/
pr > 20 with NSW 90 92 without NSW
L1MU threshold (GeV) Level-1 rate (kHz)
pr > 20 60 £ 11
pr > 40 29 £ 5
ATLAS New Small Wheel TDR pr > 20 barrel only 7+ 1
pr > 20 with NSW 22 +3

pr > 20 with NSW and EIL4 17+ 2



https://inspirehep.net/literature/1614083
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Flavour PhysiCs pgtential at HL-LHC

. . . . o 1+ SM _
Signs for New Physics, particularly in — 06F _ s HL-LHC

for precise I CMS 16  Green: Sets of BSM models i

muon reconstruction,

1 I 1 1 1 1 I 1 1 1 1 I 1 1 |l 1 I 1 1 1 1 I | -

v

a LHCb 1o consistent with current data -

» Tvs p/ein ¢ — slv (charged currents)

-

» uvseinb — slTl™ (neutral currents) |
and good angular separation

BB — u* u) [
o
=

> High potential: Current data still allows 20% of muons. s | i
contribution from New Physics for most FCNC i i
process . . I i

Opportunities in Flavour Physics
at the HL-LHC and HE-LHC 0.2I- —
> Benchmark channels for ATLAS, CMS:
. Bs,d — U, BY - K*O//t,u, Bs,d — Jlyad, i |
- . o 00 P [T TN TN SN SN Y TONNE TN TN SO AN SN NN Y TN (N TN NN NN AN NN
» 7 — uup (lepton flavour violation): HL-LHC competitive 2 3 4 5 6

: 0 + .- -
—>
with Belle II. Projected reach for 95% C.L. on branching ratio to anomalous couplings. B(BS ol ) [1 0 9]

» Top FCNC: t — c(u)y, c(u)Z, c(u)g (stats limited) [ t—gu  1osc t—qZ t—oy  t—oy  t—Hg
38x107% 32%x10° 24—-58x10" 86x10°% 74x10° 10°*

» Lepto-quarks: Contribute to semi-leptonic transitions at
tree-level (exhibiting anomalies) vs loop-level for 4-quark/ | T
4-lepton contact interactions (no anomalies) Lepto-quark signature

(V)

Reading the footprints of the B-meson flavor anomalies b(c)



https://inspirehep.net/literature/1710056
https://inspirehep.net/literature/1710056
https://arxiv.org/abs/2103.16558
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— 1 1_ :"": Run 2 thresholds with 7
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- — 0.17 0.16 0.15 C
S - 4 —0.6
S 10— =
5 — 025 024 022 0201 —0.5
- — o
5 9 1 0.4
8 — 039 037 033 029 0257
g 8:_ 1 —0.3
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Flavour Physics Potential at HL-LHC
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210
S
£ 9
(©
Qo
Q2 3
7p

~ Flagship signatures, B, ; — uu, B, ; — JIy(u u)p(KTK"),
require low muon thresholds and good separation to optimise

sensitivity.

Phase |l Upgrade TDAQ TDR

Leading Muon P, Threshold

trigger muon
threshold inefficiency
P pro | Bs—=pp | Bs—=]/¢¢
6GeV | 4GeV 0.5% 5.7%
6 GeV 6 GeV 1.2% 13.7%
10GeV | 6GeV 2.3% 23.1%
10GeV | 10 GeV 8.2% 58.8%

I | I I I | I | I I I I | I | I I I 1 I I a 1
ATLAS Simulation 0.09 _
Vs =14 TeV 31 =0.9
B, —» J/ i
= o 012 o127 0.8
<**% Run 2 thresholds with i
.=« tOpological selections 1 —0.7
0.18 0.17 0.16 _
4 —0.6
026 025 023 0211 —0.5
1 0.4
040 038 034 030 0.277
- —0.3
0.62 059 053 046 040 0347 _|no
_ 084 072 o061 o051 o043 |0
1 1 | | I 1 1 1 | I | 1 | | I | | | 1 I | | | | I | | | I— O
/ 38 9 10 11 12 13

Relative Yield of Signal Events



https://cds.cern.ch/record/2285584

ITk: Latest changes

Geometry

ITK-2020-002: Following the ATLAS decision to reduce
the radius of the Pixel innermost layer in January 2020,
there has been an optimization of the layout of the Pixel
Inner System including: reducing the LO barrel sensor
radius to 34 mm, reducing the inner radius for the RO
rings sensors to 33.2 mm, reducing the number of staves
in the LO barrel from 16 to 12, reducing the necessary
number of rings in the end-cap (-1 R1, -2R0), increasing
the gap between barrel and endcap , adapting the z-
position of some rings, changing the number of single 3D
modules 1n RO (from 20 to 18) and R0O.5 (from 28 to 30).
In addition, a change in the design of the Outer End-cap
has been implemented to increase the clearance between
the two split half-rings from 10 mm to 11 mm. The
nominal ring positions have been left unchanged, except
for the lower-z ring, moving its nominal position 0.5 mm
up in z.

—'—

Material budget
ITK-2019-001: In October 2019, a new iteration of the ATLAS ITk

Geant4 simulation geometry was produced, updating various aspects
with respect to the version presented in ATL-PHYS-PUB-2019-014.
While the position of sensitive detector elements remains largely
unchanged (LO barrel radius = 39 mm, LO end-cap radius = 36 mm,
Pixel pitch = 50x50um?2}, significant updates were made to the
passive materials. In particular, the Patch Panel 1 region of the
detector, located beyond the last tracking hit but in front of the High
Granularity Timing Detector (HGTD) vessel, was implemented with
a much greater level of detail.These updates, along with various
other improvements to e.g. data cable and cooling pipe compositions
and positions, provide a much more realistic description of the ITk
material budget, closely matching recent engineering estimates. A set
of plots are presented demonstrating the material distributions as
implemented 1n this latest iteration of the simulation geometry
(labelled as “ATLAS-P2-ITK-22-00-00”, as matching the geometry
tag from the Detector Description Database).



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/ITK-2020-002
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/ITK-2019-001
https://cds.cern.ch/record/2669540

B —————————mmmmmmmmmm
ITK latest geometry

Pixel Barrel region

Barrel Layer | Radius [mm] | Rows of Sensors | Flat sensors per Row | Inclined sensors per Row | Type | Hits
0 34 12 12 - singles | 1
1 99 20 6 - quads 1
2 160 32 9 6 quads | 1 Detector Part Surface [m?]
3 2238 14 9 8 lads |1
A 201 6 9 9 312;: ) Inner Barrel Flat 0.48
Pixel end-cap region Endcap Inner Rings L.77
Ring Layer Radius [mm]| | Rings | Sensors per Ring | Type | Hits Inner Total | 2.26
barrel RO 33.20 15 18 singles | 2-4 Outer Barrel Flat 3.69
endcap | R0.5 58.70 6 30 singles | 3-4 Outer Barrel Inclined 3.25
endcap R1 80.00 23 20 quads | 2-4 Outer Barrel Total 6.94
endcap R2 154.50 11 32 quads | 1-2 Endcap Outer Rings 3.64
endcap R3 214.55 8 44 quads 1 Barrel Total 7 49
endcap R4 274.60 9 52 quads 1 Endcap Total 541
Pixel Barrel region lotal 12.85
Ring Types | Positions in z [mm)|
Coupled Rings | 263, 291, 322, 357, 396, 437, 486, 543, 604, 675, 749, 835, 925, 1026, 1142
R0.5 Rings 1103, 1229, 1359, 1503, 1665, 1846 .
R1 Rings | 1272, 1403, 1553, 1721, 1909, 2120, 2357, 2621 Link o plots
Pixel end-cap region
Ring Endcap | Positions in z [mm] Split between half rings [mm|
R2 1145.5. 1249, 1365. 1492, 1633, 1789. 1961, 2151, 2361, 2593. 2850 11
R3 1145.5, 1297, 1473, 1676, 1910, 2180, 2491, 2850 11

R4 1145.5, 1277, 1427, 1597, 1789, 2007, 2253, 2533, 2850 11



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/ITK-2020-002/
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ITk expected performance
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LAr Upgrade m,, resolution

> EXxpected photon mass resolution:

> Due to higher pile-up noise, calorimeter energy noise term may
degrade photon energy resolution.

> Resolution degradation can be offset with:

> Reduced energy global constant term with more precise (high
stats) calibrations down to 0.7% design value (pessimistic
scenario assumes same global constant term as in Run 2)

> Smaller material budget in inner detector (true for ITk)
> Use of improved ITk tracking resolution in converted photons
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HGTD sensors

» Cross section of an LGAD + simulated signal current in
LGADs at start and after full integrated neutron fluence.
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HGTD performance

Time resolution vs radius
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HGTD performance
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HGTD performance
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TDAQ online EM selections

» Using £, .. helps reject hadronic jets in LO EM
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efficiency versus fake rate for different eratio cuts
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Higgs coupling expected sensitivity

s =14 TeV, 3000 fb' per experiment

> 1% level precision expected o
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