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ATLAS Control Room in Point 1
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& TOROIDAL LHC APPARATUS (ATLAS) TODAY

Muon spectrometer

(1 Trigger/tracking and Toroid Magnets)
Precision Tracking:

« MDT (Monitored Drift Tubes)

» CSC (Cathode Strip Chambers) n| >2.4
Trigger:

« RPC (Resistive Plate Chamber) barrel
* TGC (Thin Gas Chamber) endcap [

Inner Detector (1D)

Tracking; 2T Solenoid Magnet

e Silicon Pixels 50 x 400 pm?

« Silicon Strips (SCT) 40 pum
rad stereo strips

 Transition Radiation Tracker (TRT)
up to 36 points/track

25m

Two Level Trigger syst

et]
* L1 — hardware: 100 kHz, 2.5 ps lateney-
* HLT — farm: merge the former L2 and

Event Filtéf“I'5%Hz, 0.2 s latency

Calorimeter: EM and Hadronic energy

 Liquid Ar (LAr) EM barrel and End-cap & Hadronic End-cap
* Tile calorimeter (Fe;sﬁnmmlator) Hadronic barrel

-

- -

Hadronic Calorimeter

EM Calorimeter
Pixel Detector
--------- Transition Radiation Tracker
| Toroid Magnets| | SemiConductor Tracker
Muon Spectrometer Solenoid Magne}




8.8 TeV di-jet event produced at 13 TeV

ATLAS

EXPERIMENT S

Run: 279685 *a
Event: 690925592 \
2015-09-18 02:47:06 CEST

A high-mass dijet event. This event was collected in September 2015: the two central high-pT jets have an invariant mass of 8.8
TeV, the highest-pT jet has a pT of 810 GeV, and the subleading jet has a pT of 750 GeV. The missing ET for this event is 60 GeV.
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The peaks in the discovery channels have grown proportional
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J=0

I Mass m = 125.00 £ (.24 GeV I

HO Signal Strengths in Diffrent Channels

See Listings for the latest unpublished results.

Combined Final States = 117 £ 0.7 (S=12)
WW* = 08114 0.16

e e
17 =157 (5-1)

_11710.19
NE 1'17—0.17

bb =085+ 029

it < 10, CL = 95Y%
T =079402
Zy< 95, CL=95%
{THY Production = 2.5J_r8:g

Unit

Symbol cm?

femtobarn fb 10739
attobarn ab 81042




ATLAS DETECTOR PERFORMANCE
—

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT LAr

Pixels

MDT RPC CSC TGC Solenoid Toroid

SCT
TRT
ga— L weighted e reive e . el e P L e Lo I i b

s (in 26) during stable
: N\ Vs=13 TeV between August-November 2015,
T|le corresponding to an integrated luminosity of 3.7 fb 1. The I&wer DQ efficiency in the Pixel detector is due to
the IBL being turned off for two runs, corresponding to 0.2 fiN!. Analyses that don’t rely on the IBL can use
LAr HEC those runs and thus use 3.4 fb ! with a corresponding DQ efficié

LAr FCAL _
L1Calo > Overall smooth

93.5 99.4 98.3 100 100 100 97.8

AILAS Freliminary
Tile Calonmeter

Masked Channels ........

1® (0.74%)

. ri ; Masked Cells
LMy RPC operationist: | e
Maintenance |

L1Mu TGC » Constant live fraction of ; / T
MDT channels ERe o / aorlm ___________________
> N/a " S
CSC Important S By
RPC re-commissioning with data ey
TGC > Learned to operate “a new E ) Ale e
detector” e e e
4% 97% 100 %

\\\5\\\\\\\ :




LHC & ATLAS TIMELINE

Detector challenges:

2009 LHC startup, Vs 900 GeV llenges: )
Total L1A rate limited to ~100 kHz until LS3 oy ractaton (-10%neafem®
Vs=7-8TeV, L~2x10%cm2s1 BS=50/25ns = < xl0more pile-up

St Go 1o design energy, nominal luminosity Runl: <,u>=2_0;
Enhancements to trigger and detector <Npy(Jets pr>30 GeV)>~0.04

HL-LHC: <u>=200; (increase in 10)
Vs =13-14TeV, L~ 1x10% cm2st, BS =25 ns <np(jets pr>30 GeV)>~7.4

(increase in 185)
ATLAS Upgrades

needed to:

» Keep performance

» Trigger rates
acceptable with low
p; thresholds

» Pile-up mitigation up

to large n is needed!

Injector and | HC Phase-1 upgrade to full

Mainly more trigger upgrades
Vs =14 TeV, L~2x10% cm2st, BS =25 ns

~300 b’

|
Major upgrades for HL-LHC

Vs =14 TeV, L ~5-7x10% cm=2s?, BS = 25 ns

—> crucial for the future of the Organization and particle physics worldwide




HL-LHC MAIN UPGRADE COMPONENTS

- 2 CIVIL ENGINEERING “CRAB” CAVITIES

. 2 new 300-metre service tunnels and 16 superconducting ,crab“
2 shafts near to ATLAS and CMS. cavities for each of the ATLAS
and CMS experiments to tilt the
beams before collisions.

Nb,Sn quadrupole model (1 5m Iong
aperture = 150 mm) reached current of 18
KA (nominal: 16.5 kA) at FNAL.

2 coils from CERN + 2 coils from US.

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the
concentration of the beams before
collisions.

“Next 10 years dominated by construction
of HL-LHC (950 MCHF), which will be
realised within a constant CERN Budget”
CERN Director General 23/06/2016

SUPERCONDUCTING LINKS BENDING MAGNETS
Electrical transmission lines based on a COLLIMATORS 4 pairs of shorterandmore - ENd 2015: Nb,Sn dipole (1.8 m) reached
high-temperature superconductor to carry 15 to 20 new collimators and 60 replacement powerful dipole bending magnets . )
current to the magnets from the new service collimators to reinforce machine protection. to free up space for the new 11.3T (> nOmlnal) without quenCheS.

tunnels near ATLAS and CMS. collimators.



HL-LHC PROJECT TIMELINE

® Peak luminosity —=Integrated luminosity
6.0E+34 —_— = — /
| - HL-LHC (RUN4, RUNS)
: p— 1000
13-14 TeV / >
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» HL-LHC will start in mid-2025 after ~2.5 years of shutdown

> Levelled Luminosity of 5:10%* cm2 s1, Maximum Lumi ~7-10%* cm2 st

» Average number of pile-up interactions per bunch crossing <p> = 140

> Expect to collect ~300 fb-t with LHC and ~3000 fb-! with the HL-LHC

Experimental Challenges

O High pile-up = detector and trigger
Improvements needed

O High radiation level = detector damage

O Goal: keep detectors performance at the
same level as today
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PHYSICS MOTIVATION AT HL-LHC

Electroweak symmetry Breaking M’%‘/Beyond the Standard Model

1. Higgs precision measurements (coupling and %umbers) » Higgs sector (search for deviations from SM)
» Dark matter

2. Higgs rare and invisible decagw ®S
3. Top Yukawa coupling (‘J& > SUSY
. £l Mg pREC

Higgs self coupling 5 ? > Exotics
HIGGS PRESE SSION MEAGUREMENT ATL-PHYS-PUB-2014-016
] ATLAS Simulation Prelimi . .
At HL-LHC: e e ignal strengih preciion A/
D 100 mllllon SM nggS bOSOnS =TS I I R H—> L =300 fb-1 (run 3) | L=3000 fb-1 (LH-LHC)
o) - - - LSEEr = ook | c w/o w/ theory
O ~4-59% precision for main 1 + 2| | theorya wgt?;?rv A (%)
channels H— ZZ  (comb) E 1 \ﬁ\\\f%a\
3 ~10-20% precision for rare =1 E E S | v 9 13 9
modes s 19 < | ww 8 13 11
3 will be able to quantify small ~ H>2r e N = g 77 7 11 9
deviations from the SM - r cee-a| o B | bb 26 26 14
3 3-4 times more sensitivity in =~ ———— == ] B g | 18 1 1o
di_rect searches for additional e t : % 7y a4 16 20
Higgs bosons than at LHC T o) ok " 38 29 16

Yuri Kulchitsky

______ Run1 0 02 04 AH/H * u=0xBR _,. / OxBR ¢,

obs



EXOTIC & SUSY MOTIVATION AT HL-LHC

ATL-PHYS-PUB-2013-003, ATL-PHYS-PUB-2014-007

ATLAS Mass reach for Exotic sighatures

ATLAS @14 TeV Z’ > ee SSM gy > tt RS Dark matter M*
95% CL limit 95% CL limit S50 discovery

300 fb1 6.5 TeV 4.3 TeV 2.2 TeV
3000 fb1 7.8 TeV 6.7 TeV 2.6 TeV

ATL-PHYS-PUB-2013-011, ATL-PHYS-PUB-2014-010, ATL-PHYS-PUB-2015-032
ATLAS Mass reach for SUSY particles

ATLAS gluino squark stop X;* mass X4+ mass
projection mass mass mass WZ mode WH mode

300 fb 2.0 TeV 2.6 TeV 1.0 TeV i 560 GeV None

3000 fb1 2.4 TeV 3.1 TeV 1.2 TeV ! 820 GeV 650 GeV

Significant increase In mass reach for Exotics and SUSY signatures
Yuri Kulchitsky at HL'LLIdgru(zaOOO fb-l) 14



ATLAS PHASE 0 UPGRADES (2013-2014)

Muon spectrometer.

““““““““““““ ENPS alorimeter Liquid Argon Calorimeter

More muon chambers
RPC (Resrstrve PIate Chamber) In barrel feet ;

Calorimeters: z

LAr and Tile power supply
replacements

Test beams for investigation of
new FE and BE electronics
New MBTS

New lumi detectors

Trigger (Runl—Run2):

Added in Phase 0

_ SN

\ Infrastructure:

New Be beam pipe,

L :
-— Improvements to magnet

| and cryogenic systems

Pixel:
Additional 4th silicon pixel
layer (IBL) Innermost layer
at R=3.3 cm

L1 (HW) 2.5 MS |atenCy; 70 kHz — 100 kHz oid Magnet SCT Tracker Pixel Detector TRT Tracker

HLT/Event Filter (Software): 600 Hz — 1 kHz

Yuri Kulchitsky LHC@Belarus 2017
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INNER DETECTORS (ID)

ATLAS tracking detectors:
Pixels, SCT & TRT

r R =1082mm

TRT <

 New innermost 4-th New Be beam pipe

k= s54mm layer for the Pixel
[ R detector [IBL =
sorq o | Insertable B-Layer]
L:;’;:: R 1 Required complete
removal of the ATLAS

Pixel volume
R= 122.5mm . RS (O 1BL fully operational
Pixels{ RR =5%855mm 1
=ou.omm
ol Two times better tracks impact parameters resolutlon

R=0mm



CALORIMETERS

s > \ery stable performance
» Improved stability of new Tile power supplies
“W8| > Good operation efficiency: 99.4% LAr and 100% Tile
» LAr using 4 sample readout to achieve 100 kHz

»
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ATLAS CALORIMETERS

New for Calorimeters: LAr and Tile power supply replacements

Cu/Kaptioneilectrod

ATLAS Calorimeters:
v Very hermetic

o 8 &8 2 8 B B %

i Fo >
r ile B0
Al AR _~ g J Scintillator  Steel
Tile barrel Tile extended barrel 3 sl B d | B 7
. R e I
\\\\
S
LAr hadro
end-cap (HEC)
LAr electromagnetic >
end-cap (EMEC) 3
Lar EM

- i ~
3 ﬁ @ X
< ZO =< Wavelength shifiing ftve

(stamping) of master
and spacer iron plates
or Tile Calorimeter

odules in Minsk.

» Production of Tile
Calorimeter Barrel
Modules in JINR

> Transportation of

s Gaps partially instrumented e i
«» Small dead regions which did not significantly impact physics
v Excellent shower containment Test beam study of new FE and BE

v Fine granularity

v Good resolution and small noisel €1€Ctronics for Tile and Lar calorimeters

TileCal Barrel Modules
from Dubna to CERN
by JINR.
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O Moni d Drift Tube Ch b y v Az nA o BAa B
MoResisive pists cramsers 2% 1 LAS MUON DETECTOR (MD)
—Spacers . _yprecise muon chambers: (1) Monitor Drift Tubes [MDT]: barrel and

end-cap (in n| ~1.1-1.3); (2) For |n| > 2.0 also Cathode/Strip Chambers [CSC]

Two triggering systems: (3) Resistive Plate ChAmbers [RPC]: n|<1.05
(in barrel feet); (4) Thin Gap Chambers [TGC]: 10 <npk<2.4
| simproved acceptance from additional chambers ffeet and elevator regions

More RPC In barrel feet &

1 Monitored Drift

5 MDTin|n|~11-13 - Tube Chambers
/’ ,’,é@ﬂ)\ a 10 l r r r r 9
' Wm@@ﬁ@@ 2 Cathode-Strip
: ( [ 0 l'rel @ﬂ@ Chambers
! Hm@ﬂr Defector 8@
\ ° EE 3 Resistive Plate
% 6.4 Chambers
o 4 Thin Gap
0 47 Chambers
2 Callorimeters Enckeap
E 27 Torele
.10 Inher Desctor Recdliation Shiclcling
0 | | | I | | | | | |

0 2 LHC@B4arus 2087 8 10 12 14 16 18 20 20
meters



ATLAS PHASE I UPGRADES (2019-2020)

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter Added In Phase 1

Fast TracKer Trigger (FTK)

Hardware based tracking of Si-

tracking layers at “Level 1.5” Wi New Muon Small

Wheel (NSW)
remove fakes

High Granular L1 calorimeter +212'm

" > —— 8 g 205 \\
= . " - oo 't y lv.
3 - . P h - F )
- == f ; 3 \
[ =2 i | s I \
1 A\ 0 [ \
4 ” B ““,
. N
0 A\ g T\ i
, ‘,'. (A ¥ 5
) ‘ i i ",' } ?,
trigger \ ~ E
& R h LT A
' - A a5 | '-
nadd U . 4 ~il
. 2 = t 249 : :‘»
e v 53,
| | : = 9==¢:9:\_ ’J_‘ :
\ = £ T ‘ G ,“l"‘k\

Colom \ \ SR\ . AFP Fwd detector
| | s = T ow 2016: single arm
Trigger/DAQ | .. 2017: both arms

= L1 (HW): 2.5 s latency; 100 kHz
= HLT/Event Filter (software): 1 kHz

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Main target:
Better triggér'capabilities (efficiency, fake rejection); Maintain, same acceptance/p; thresholds at higher pileup 2



CALORIMETER L1 GRANULAR TRIGGER.. -~ 001

v Expect ~270 kHz @ 3x10%*cm-st with current layout &
Runl thresholds (->total L1 rate of 100 kHz)
v 10x more granularity in n/depth (towers->super-cells) 1

v' New readout electronics feed 40 MHz digitized data t6"T#® = 0-1%0:

v Apply offline reconstruction algorithms at L1

» Better jet rejection, lepton isolation/reconstruction
» Improved energy resolution

» Keep low threshold for lepton trigger

= Gl | R MRS REAR AR LAY LALLY ML L
Level-1

o 0.16- ATLAS Super Cells-% .
@ 0.14f Simulation More better - StatUS/PIanS.

0.12F \s=14TeV 7 resolution 4 ¢ Summer 2014: Installed FE elect.
of =% 5. e - Demonstrator

e <124 o 2015: Successful data taking

4 « On-going: FE and BE prototype @ 1
< and production

| 1« 2019: Installation
%ﬂ -40 -30 -20 10 0 10 20 30 40 50 <
Vi

LHC@Belarus 2017
[EI_;_1 ~SI:I_ EJ_:_ﬂlIne:”.ETofﬂlna [%]

e (E; =70 GeV)

70

E,(GeV)

Layer 3
AnxAd = 0.%0.1

Layer 2
Anxdd = 0.025x0.1

Layer 1
ANXA® = 0.025x0.1 10

Layer 0 e (ET — 70 GeV) 0

Anxa® = 0.1x0.1



ATLAS FORWARD PHYSICS DETECTOR (AFP)
iAFP detector 519 m Physics with tagged forward protons at

Elastic or diffractive +212 m from the IP
collision

0 {j:z’ 0

Proton heam P !

dPrimary goal is to study high rate
diffractive physics in special low-p runs

JEventually, the detector could work also
on high <p> as an useful tool for
searching new physics, but this option Is p
still under investigation Central exclusive 4-photon couplings

roduction (CEP) are absent in the SM

Yuri Kulchitsky LHC@Belards 2017




ATLAS FORWARD DETECTORS

O ATLAS Forward Physics (AFP) — el
» Infrastructures installed s 0 TAN D2 04 s 06 ‘e
o Cabling
o Exterior vacuum chamber
between Q5 and Q6 modified

» Two stations (one arm) in C6R1
Installed and equipped with
tracking system

d ALFA
» Maintenance done on fans and vacuum pumps, noisy LVDT changed,
DCS and TDAQ upgraded

d LUCID
> 4+4 PMTs substituted with 2°7Bi calibrated ones, TDAQ upgraded

dzZDC
» Detectors placed in the Bdg 180 Buffer Zone for testing and refurbishment

Yuri Kulchitsky LHC@Belarus 2017 24



NEW MUON SMALL WHEELS (NSW)  aras-1or-020.2013

> At present p L1 dominated by fakes in 1.3<[n|<2.7 e
» NSW w/ high-rate capability for L1:
- sSTGC + MicroMegas for trigger/precise tracking EIL4
(<100pum/plane)
> L1 (p+>20GeV) ~ 60 kHz
» 22 kHz w/ NSW
» 17 kHz w/ NSW + EIL4
> 13 kHZ w/ NSW + EIL4 + TileCal D

ATLAS Run 201289 [LB 96-566], LHC Fill 2516, Apr. 15 2012, 50ns spacing

3005_ ATLAS _E
E 4 L1 10 GeV muon trigger E
250 :— 74 [:] matched to reconstructed muon —:
= - matched to p_>10 GeV muon : :
°°4: Status/Plans:
1so )  Now: Modules O construction In various sites
100}  2016: Final Design Review and PRR for all sites

e 'f’fff P s T Tz i 2017/ 2018 P I'Od UCtl on

,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
zzzzzzzzzzzzzzzzzzzzz

-
,,,,,,,

Bl s s o 20019 Installation

C@Belarus 2017 25
End—cap C Barrel End—-cap A " @Belarus



NEW SMALL WHEELS TECHNOLOGY

MicroMegas (area of 1200 m?

distributed on 8 layers)

» Space resolution < 100 pum

» High granularity -> track separation

» High rate capability due to small gas
gain

Thin Gap Chambers (sTGC) | 2
(area of 1200 m? distributed on 8 e o Redundant solufion

layers) - /@ + sTGC as primary frigger
» Space resolution < 100 pm * MM as primary tracker

» Bunch ID with good timing sTGC
resolution to suppress fakes MM
» Track vectors with <1 mrad angular sTGC

resolution

Yuri Kulchitsky
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FAST TRACKER TRIGGER (FTK),_ .
u rejection from B-decays vs u efficiency from W

g 10° g Baaannna e s aaas ———3 » Hardware based tracking of Si-tracking layers at
§ [ Central region *omnstieoros | “Level 157

E 2 ::;Tﬁﬁ}::::ﬁ:jf 1 » Provides tracking mformatlon_tp L2 In~25 us

8 ] : 3 » Two steps: (1) Pattern recognition; (2) Track fitting

Performance ~ to off-line up to
L= 3-10% cm?s1

T Trigger efficiency improvement using FTK tracks

10F

. ATLAS Simulation no IBL

-, [ e e

tt and WH(— uli , bb) (s= 14 TeV E, 1_ Teostasteogegs—s $ ]

597097092 093 0.94 0.95 0.96 0.97 0.98 099 1 % 0.8} ATLAS .

Status/Pl . Eficiency . Simulation -

atus ans. _ 0.6 Vs = 14 TeV, <p> = 60, ggH—7 1),

» Installed hardware/software infrastructure oal L1=TAU12I ’

» July 2016: expect full slice test Tt ST

¢ Fall 2016: barrel commissioning 02 T e s e -

% " I L ﬁ [ P BPEPEE B PR BT BT AP
” ZOYJJZKLLCI}SJW” coverage operation T % 'LG 40 60 80 100 120 140 160 180 20C

Offline © p_[GeV]



TRIGGER/DAQ PHASE 1 UP@RADE ATLAS-TDR-023-2013

Tr i gge r/DAQ Calorimeter detectors — h“ : Ne\j Detectors
L1 (HW): 2.5 ps latency; 100 kHz Tile - paon stctors | L1 M UOﬂ
HLT/EventFilter: LkHz [ overi calorimeter || [ # Treveiimuon | FEFTTTF

| Level-1 calorimeter | Detector ‘ ‘
' Pre-processor | | Optical Plant 1 0 ] Read-Out
= Centre-of-mass 8 —13 TeV " ( ] FE| FE| [FE FE
2-2.5x increase in trigger - S S ey _f%"
rates 8 . u;(";'t'a
= Peak luminosity 0.8— 3
1.7e34: ~2x higher trigger s
rates | | : N SW ROD /ReadOut
Lovelt (< 2.5 is) ' Central trigger R | | ReadOuf System , System
Possible options: | DataFlow
Increase output rate L1 Calo o?frﬁfrréit
= Challenge for offline computing HLTSV
Increase thresholds B0 | '
= |ose interesting physics BLPIX/SCTRODs =T K Requests — »  Data Collection Network
Increase rejection Fast Track : .
= Better hardware and software CETR) ol o — T

Yuri Kulchitsky data
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ATLAS PHASE Il UPGRADES FOR HL-LHC (2024-2026)

CERN-LHCC-2012-022; CERN-LHCC-2015-020

Muon Detectors Tile Calorimeter Liquid Arg'on Calorimeter Added |n Phase 2
ITK- Inner tracker

= Pixels + Strips (Si)
" ni<2.7 — [n|< 4.0%

o Calorlmeters
LAr/Tilecal FE, BE electronics

HGTD Timing Detector

Muons:

= Inner Barrel Layer

= Electronics

= Muon tag 2.7<|n|<4.0*

,;‘ Trlgger/DAQ

W\

/‘-i LO (calo+muon): 1 MHz; 10 s latency
* Large n scenarios (part ' s 5 LRI (calo+muon+ITK): 400 kHz; 60 us latency
of the reference detector = HLT/EF: 10 kHz

! ] 1
IayOUt) Toroid Magnets Solenoid Magnet | SCT Tracker Pixel Detector TRT Tracker

Refs: ATLAS Phase Il Lol [CERN-LHCC-2012-022]; IDRs and preparation of design choices —Tech. Design Reports-
TDRs (end 2016-end 2017); Impact of different cost scenarios on physics/perf. [scoping doc. CERN-LHCC-2015-020]



Goal:
1 Keep good tracking & vertex perf. + b-tag capabilities

O Pile-up and Radia. levels (101%n/cm?) is a big challengeg ©°f

O Reference layout (Lol-VF): e 4 Pixel Layers (~9-18 m?): :-s; 0.5f
1) Pixel sensors: Planar, 3D, HV/HR CMOS 8 4
2) Hybrid module w/pixel sensors +FE chip + Interconnect e :
e 2x5 Strip Layers (~190 m?): n-in p , HV/HR CMOS NG

[ ~ 8x more channels than current ID % 0.2}

O ~ 2-3x less material than current ID (<0.3 X,; q|<1) 2 o

1 Occupancy <1% for <ll>—200 o

INNER TRACKER DETECTOR (ITK) FOR HL-LHC

Number PU jEtS S 11 (E PU JE-ts— %)

ol T

ATLAS Slmulatlon No Track. Cun
. p,,> 30 GeV, u=200,€, = 2% * Reference
= Middle
* Low
Tracking coverage:
'LH’ND track conﬁrmatiﬂrlru.
In|< 2.5

Inl<3.2
Inl<4.0

D 14 hItS Up tO |T|| 2 5 H‘ﬂ" ™ 0.t=p

=00

4 ITK perf. in HL-LHC willl ber—‘—'_

same or better than for (ID+IBL) T w20 |
Status/Plans: ) o :~ » ‘_‘_9'_21"_’_'

« Ongoing: layout and - e e I | l | wr |
prototypes optimization . ___ o~ ————— e} | | | |- 1~ Otter Pixels

- TDR: Q4 2016 (strips) & - T SR 2=~~~ == Inner Pixels pipe. |
Q4 2017 (piXGIS) Ga Gl s | T T T ] ] J
e Construction: 2018-2023 0.0 05 1.0 1.5 2.0 25 30 l(m)a.s

. Instalfation: 2024-2025 ATLAS Today

Tracker in HL-LHC



HIGH GRANULAR TIMING DETECTOR (HGTD) FOR 2.5< |n| <5

Goal: . ' —Barrel LAr e EC LAY
> Pile-up mitigation in forward 1 o 5/53‘/”
% Offline: Improve e/g and jet/E™miss § - > T
* Online: LO Trigger time info HGTD
> Keep lower trigger thresholds y 30
» Increase VBF physics acceptance e 2.0 s
Layout: .
> 4 Si layers in front of LAr EMEC+FcAL _ ——%iﬁ
> At ~30 ps ; < 5x5 mm? e

» Option: Pre-shower 3X, W in 2.5<|n|< 3.2 2 R dena RGeS S PU Teecadn
Status/Plans: i i
> Ongoing: ]
s R&D in Si sensors (LGAD, pin diode) for speed S | Aamassmuaton

and radiation hardness needs £ 19 F ys=14Tev.u=200 et atite
. . . - Pythia8 dijets t P =
s Study LO trigger/perf./physics gains =20 Gov SHE . bl

» Fall 2016: Test beams (LGAD, pin diodes) 1073 b L oL

> Installation’ 2024-2025 LHC@Belarus 2017

Efficiency for hard-scatter jets



CALORIMETER (LAR aND TILECAL) AT HL-LHC

» \Replace only FE/BE electronics in (Tile/LAr) barrel + End Cup
¢ Ageing/lIrradiation

Compatible w/LO trigger (rate/latency)

Send digital data to LO trigger (40 MHz)

*

Tile FE electronics demonstrator

-

= : . o Main :.3:,."';:':_)" Y
S & Status/Plans: - Ongoing: demonstrator/prototypes tests (Tile)
« Q32017: Tileand LAR TDR

. « Construction: 2018-2023
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ATLAS MUON SPECTROMETER AT THE HL-LHC

NeW l.l ChamberS: £1 03 .S".‘g',ir* Ll rates (estimated from runi data), .:
d NSW-(sTGCs+MM): remove fakes (2019-2020) %;mez 1 (i {2 L
QA Thin-gap RPCs in barrel: better acceptance and op, W trigger £ |~ - . ) S T e
3 sMDTs inbarrel:-to free space for Thin-gap RPCs 2 "OF s oV Loraotemiet T
3 New electronics.in RRC/TGC and MDT for new trigger IRt sl e W

architecture p P threshaig [GeV]

rE'L':iEi{:In MDT muon chambers

| tagger: to identify muens up-to || =

% Better trigger acceptance, £ and-sharper
thresholds

“ L1 up>20 GeV: 150 kHz —

i RRC triggerjghambers

g MDT | » / 77
8 kHz crfamha,.s ~ Piot prnlectl %7
» S ‘h

(w/ NSW+MDT) er. 57 St I IS I
Status/Plans: e e A 7
< Ongoing: maturing decisions on Thin-gap =ap

- RPCs
electronics and chambers proposals

+» June 2016: decide scope of electronics
replacement for MDT barrel
Constructlon 2018-2023

Kulchits

Instai lation: %24 2026
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TRIGGER/DAQ AT HL-LHC

New design of hardware trigger: ? (e lllacl [ 5ok [Shae
Move part of the High Level Trigger (HLT) I‘J, ----- ;J S o e T | B e i

reconstruction into the early stage of trigger. m - Hnt SJlgfcfgslt sector Lo
e GGoal: keep thresholds on p; of }
triggering leptons and L1 trigger rates low X L oFex] SR
Triggering sequence ot
O LO trigger (Calo/Muon) reduces rate  —frf e L
within ~6 ps to 1 MHz and defines e o ! /
Regions of Interests (Rols) | I
J L1 track trigger extracts tracking info *Il‘];ogm L1
Inside Rols from readout electronics eeeeeeeeeeeeeeeeeeesfleeneeeeeeeeeeeeeeeeeeeneee I e @ﬁtgﬁj}
Challenge: = ¥ L e
» Finish processing within the latencvy
constraints LEVEL-0 (L0) Calo+Muon | LEVEL-1 (L.1) Calo+Muon+ITK

» Requires changes to electronics| Latency~6 us, rate~1 MHz | Latency~30 s, rate~400 kHz
feeding'tregger system Define Rols for L1 All data are moved off detector




BONUS: CERN CIRCULAR COLLIDERS + FUTURE CIRCULAR COLLIDER (FCC)

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

| | |
‘ ‘ ‘ ‘ ‘ ‘ ‘ K 20 years >
W~
Chllenge againttie.. | O
» Detector degradation and ageing

— inject new technologies

» Developer community need to
transfer knowledge to the next

> Develop HL-LHC detectors not “~“-+P58

forgetting what will come NEXT “Preparation of CERN’s future: design studies for

future accelerators: CLIC, FCC (includes HE-LHC)”
furlenesky rcersevCERN DG Fabiola Gianotti 23/06/2016




BONUS: BASIC INPUT TO FCC INFRASTRUCTURE & OPERATION

Future Circulated Collider (FCC) performance

> Center of mass energy: 100 TeV e "

» Peak luminosity ultimate: <30x103 $

> Bunch Crossing <5 ns " N =,

> Integrated luminosity ultimate ~1000 fb!
(average per year) prealps

> 25 years operation, leading to ~20 ab-* /\f

Consequence on detectors N T

» Boosted objects — up to |n|=6 coverage (/ HHHHH ER— o

» High pileup and fast Bunch-Crossing (BC) — N\ N s
very fast and granular detectors g aaron cotider e

» Momentum resolution =15% at p;=10 TeV 20 T = 100 TeV for 80 km -

» ~1 ns sharp Bunch-Crossing Identification (BCID)

» Particle flow capability for calorimeters with high Unit Symbol = cm? o
granularity 25 mrad? femtobarn  fo & 10

> Fine'titifig against pileup — < 100 ps e 0tattobarn ab & 10742 o




CONCLUSIONS
JTHE ATLAS COLLABORATION have developed an
ambitious and detailed upgrade program for fulfilling the
stringent luminosity conditions of the HL-LHC.
Maintaining/Improving the current detector performance.
JPHASE O is achieved before the start of LHC RUN 2.
JPHASE I projects and almost all in the Full Dress Rehearsal
phase. PHASE I upgrade focusing on trigger.
Maintain low thresholds at up to 2x design luminosity.
JPHASE II Letter of Intent have been approved. PHASE 11
upgrade to operate ATLAS at up to 7x design luminosity.
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