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O Outstanding LHC performance in 2012 run: 23.3 fbo!' delivered,
Peak luminosity routinely over 7.5 1033cm-2s

d Excellent ATLAS performance, 21.7 fb-! recorded (~94% efficiency)
d Main challenge: higher number of pile-up events (<u>~35)
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Motivation for HL-LHC Upgrade

O European Strategy for Particle Physics:

https://indico.cern.ch/getFile.py/accesseresid=0&materialld=0&confld=217656

O “The discovery of the Higgs boson is the start of a major program of work to
measure this particle’s properties with the highest possible precision for testing the
validity of the Standard Model and to search for further new physics at the energy
frontier. The LHC is in a unique position to pursue this prograom.”

Q “Europe’s top priority should be exploitation of the full potential of the LHC,
including the high-luminosity upgrade of the machine and detectors with a view
to collecting ten times more data than in the initial design, by around 2030."

> Physics prospects with High-Luminosity LHC at ATLAS:

d Higgs measurements: [ Vector boson scattering
' Higgs couplings (exp. precision 5-30%) J BSM physics
' Higgs rare processes [ High mass gauge bosons
H—up O tt resonances
ttH with H—=Yyy or H—=up O SUSY, Extra dimensions
O Higgs self-coupling ' Quark and lepton substructure
HH—bbyy, HH—bbTT 8 O Dark matter, ...

HL-LHC environment is a great challenge. Upgrades are needed '
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LHC (present) roadmap

Integrated
2009 < LHC startup, Vs = 900 GeV Luminosity
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2014 ,
2015 /
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2017 ~75-100 fo'! '

2018 LS2 & Injector and LHC| Phase-1 angrade to ultimate design luminosity \x3
2019 : /
ZLs Vs=14 TeV, L~2x10* cm? s, bunch spacing 25 ns LS
- :
2022 183 . HL-LHC|Phase-2 upgrade, IR, crab cavities? \
2023 x10
pied Vs=14 TeV, L=5x10* cm?s™!, luminosity levelling 200 &d
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HL-LHC Upgrade Challenges

d Upgrades of ATLAS sub-systems are planned to maintain or improve
the present performance as the instantaneous luminosity increases.

d The upgrades are devised in three phases, following the LHC upgrade
periods, with the goal to optimize the physics reach for each LHC run.

Detector challenges:
d Expected peak luminosity > from 1x1034 to 5—=7x10%¢ cm2s"!

higher particle fluxes, larger event sizes, higher trigger rate
= improved friggers needed

d Multiple interactions per bunch crossing — “pileup” 2> up to n=<200>
higher detector occupancy —~——— NN W7

= readout limitations
= increasing reconstruction complexity

Q Increasing fluences >up to 10'én,,/cm?
close to beam pipe

= increased radiation damage
= increased activation of materials
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ATLAS Upgrades
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» Fast TracK trigger
» Muon New Small Wheel
» Calorimeter em trigger
» Trigger and DAQ

» ATLASForwadProton (AFP)

ATLAS Upgrades

» New inner tracker

» New LO/L1 trigger

» TDAQ

» Calorimeters readouts

» Muon frigger electr.
(barrel+LW)

» Software & Computing


https://cds.cern.ch/record/1402470
https://cds.cern.ch/record/1402470

Phase-0



ATLAS Phase-0 upgrade

»  Shutdown of 18 months (2013-2014)

» Consolidate SC splices for design energy (Vs = 14 TeV)
and luminosity (103*cm™s). Expect Lint = ~75-100 fb-!

LHC:

ATLAS: prepare for optimal data taking at design luminosity

Detector upgrades:

e Insertable Barrel Layer (IBL): pixel 4" layer 4= ATLAS-Switzerland
- New small radius central Beryllium beampipe
- New Service Quarter Panels (NSQP): Improved pixel services layout
- Diamond Beam Monitor (DBM)

* New chambers in the muon spectrometer, to improve geometrical coverage

* New Aluminum beam pipes (to prevent activation and reduce backgrounds)

+ series of detector consolidation
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ATLAS PIXEL detector upgrade
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ATLAS Upgrades

Need to cure progressive radiation
damage and mitigate inefficiencies
due to pile-up effects.

Replacement of service
distribution panels, to cure
malfunctioning channels,
Increase accessibility and
bandwidth.



The ATLAS Insertable B-Layer

Installation of a 4™ pixel layer (IBL), Close Tom 5

33-38 mm from the beam line

New beryllium
beampipe
smaller radius

r=29 —=25mm

Present beampipe
through present B-layer
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The ATLAS IBL

A new, 41 pixel layer between the innermost

Pixel (B-)layer and the beam pipe
O Smaller pixels (50x400 pm — 50x250 pm)

O Technology: planar and 3D Si sensors
O New readout chip: FE-I14 Pixel Chip in 130nm CMOS

. 21 Light jetf rejection
Improves: B 900F 737 B 10 Brayer nafcioncy 1

, ® 8001 U QTS o suyeineticeny  D-TAQQING
» tracking 2 200! ~

» vertex resolution g 600} .. Pixels +IBL
» secondary vertex finding % 00 T
»  b-tagging g ey
» tau reconstruction g 2000 . "I g

at high pileup @ %% 3-layer pixels
0 0 25 50

Number of pileup interactions
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The ATLAS IBL

e, T Didier Ferrere (UniGE)
!ﬂv!:!ng.g EVE Pixel deputy project leader, in charge of IBL

Construction and tests of staves at UniGE (UniGE + UniBE)

Integration and tests at CERN
(CERN, UniBE, UniGE)

1’ - ‘
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IBL Stave loading at UNIGE: Status

FE-14chip (16.8x20 mm?)

336x80 pixels (50um x 250 um)
27k channels, 87/M transistors

362

B 0.205 z2e0 | B, . 0.205 A
gap between chip 3D 0.205 . | gap between double planar - C
= LTI ARNNRE=:
B8 A
Chip 30 Double chip planar _Double chip planar. ) a0 Chip 30
/5% planar, 25% 3D sensors (@ large n) gap between Double planar and chip 3D

® 10 staves loaded with all components and fully tested
» perfectly working — delivered at CERN

® Need a tofal of 14
»  will build 18-20
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ATLAS Phase-l Upgrade

Shutdown of 14 months (2018-19)

Consolidation of injector chain; collimators

Double the design peak luminosity to 2-3x10%4 cm-2s-!
Expect total of Lint = ~300 fb-! at Vs = 14 TeV by end 2021

F
I
0

1. Continue to require LVL1 single-lepton trigger thresholds of pt ~ 20 GeV,
even with pileup <p> = 50-75 = preserve trigger acceptance of design lumi

Keep acceptances high and similar between barrel and forward
3. Retain sensitivity to BSM physics with as little model dependence as possible

Detector upgrade projects:

* New Muon Small Wheels
New Calorimeter Trigger Tower Builders (higher granularity at the trigger)

Fast TracKer (FTK): input to LVL2 trigger & ATLAS-Switzerland
Trigger/DAQ upgrades (various)

Consolidation and upgrades to the Pixel readout €= ATLAS-Switzerland

One (to be approved) addition

e AFP: Forward Proton detector at +210m

Components installed in Phase-l must be compatible with Phase-Il running
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ATLAS Phase-l: the FTK

Effective triggering at high luminosity is extremely challenging
= especially for triggers that require track reconstruction ATLAS Trigger

o Level-1 (LI): hardware
based (~50 kHz)
o Level-2 (L2): software
based, full granularity
data (~5 kHz)
o Event Filter: software
trigger (~500 Hz)

O Fast TracK trigger (FTK) — a dedicated, hardware-based track

finder, an input for L2

O Finds and fits tfracks (~ 25 us) in the ID silicon layers (incl. IBL) at
n “offline precision”, for events passing L1

d Processing performed in two steps
1. hit pattern matching to 107 pre-stored patterns (coarse)

2. subsequent linear fitting in FPGAs (precise)
3 Inspired by the CDF Silicon Vertex Trigger (SVT)

4 Major improvement for b-tagging, t ID, lepton isolation

ol Nty LR IRRE 5 025. + [ — "5".10
»mmnmumn b <90
LTI ARSI T Nttt e = Eo§ +4 2 P+ t
= 0.2 - FTK '-0 % 205 + - FTK +
w -OOH)ne #
) o ++
L o ot S B E oo coWe el
z = E ‘: - = 15', - - o4
B i Hsaes® N < TR
) * OFFUNE . M o t 10 - R
™ Efficiency € ¢ Odo = P T/PT Creeess
3 £ a0 1 < pt<1.25GeV
ATLAS simwlation E - F uons <pt< e
R o _ycopige il o AT AT ST PR g oFATLAS Simulstion, no®BL
2 -18 -1 05 0 0SS 1 18 " n 3 2 -1 0 1 2 3
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ATLAS Phase-l: the FTK

£ Board-board FTK pipelines
Connector AMBoard
—> fi bers = = 2 " ® Massively parallel pattern
3| 3 — 2 recognition using an Associated
5 3|7 | 3 -» 2 |—>|5 o .
” 3z - > Memory built in custom ASIC
= = e g 5 chips (AMchips, 16400 in total)
>300 g [ : ol IE ; ¢ 3 3 H
ROLs | @ g > > B i . T
| & N || % gboards o + o Daftadriven p|pel|pes connec’rgd
g ; $ 128 PUs = 512 g % = py thousands of high speed serial
$H a $ pipelines i 3 S links at 2Gb/s
' g AMBoard PU :: ; —)%
: o % — o J ® - 4= ‘u— oStandard cellchil
AEE LAMB |
AUX CARD : - =" -
- Control
. . UNIVERSITE R RS
Geneva contributions @ucmm e m i W E
* Production of the AMB-LAMB: boards . PLL/, f
that house the AMchips and control v i 7
the data flow through them I, <3 » (s
. . . . : DRIVERS &
* System intfegration and vertical slice | RECEIVERS

test at the experiment

AMBoard
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ATLAS Phase-l: the Muon NSW

At Phase-1(2): increase of the cavern background rates

13<|n|<27
.4

Consequences for the current FWD Muons (Small Wheels)

d Substantial degradation of the tracking performance,
both in terms of efficiency and resolution for hit rates
corresponding to luminosities greater than the design

d Rate of L1 muon triggers exceeds available bandwidth
unless thresholds raised

4 Replace present Muon SW with New Small Wheels

with improved tracking and trigger capabilities

ok 7 ’ e w1 Composed of gas chambers of higher

ol e ' y precision and robustness, assuring:

.T. / uH, | : = position resolution < 100 um

Z.(‘ q ™L ' i = reduction of fake triggers by using

. e BH- .. : IP-pointing segment (o,~ 1 mrad)

: _: el S = higher rate capabilities (up to L~5x1034)
oI oy w5 F Technology: MicroMegas and sTGCs
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ATLAS Phase-l: Calorimeter Trigger

The granularity of the EM L1 trigger A¢=0.1
will be increased, to exploit shower
longitudinal and transverse shapes

= Better electron-jet separation

= Allow un-prescaled single
electron triggers at Er ~ 25 GeV
above L =103 cm2s’!

ATLAS simulation

= Together with an update of the
central L1 ftrigger processor,
topological L1 triggers will be
available.

- Ey>23 GeV
T »— E7>23 GaV and solasion
. . ET>23 GaV Isclaed, R >0.94
Te v Ey>23 GeV, lsolaton, R>0.94
*e and E<0 8 GeV

L1 Rates [kHz]

s8888888
.

L 4
-
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*ee .."00.
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ATLAS Phase-Ill Upgrade

HL-LHC (not yet approved):

18 months shutdown in 2022-23 to prepare for inst. luminosity at 5-7x10%4cm-2s-!
Integrated luminosity 3000 fb-! after 10 years .o

Average pileup: <u> ~ 140-200 int/bx eveing 10 \
Levelling: larger int. lumi & smaller pileup — St

v v v Vv

t +
13 B B

ATLAS Phase-ll;

»  Prepare ATLAS for up to 200 int/bx (7x1034 cms!) and up to 3000 flo!
= ntegrated radiation levels, particle densities, trigger.

» Main activity: consfruction of a new, all silicon tracking detector.
Collaboration already very active with R&D, prototypes and engineering work.

» Be able to trigger on 20 GeV single muons or electrons (e.g. for Higgs):

Trigger upgrades Muon system upgrades
O TDAQ upgrade O Barrel and Large Wheel trigger
O Implementation of L1 Track Trigger electronics

Calorimeter upgrades a Possiblc? upgrades of TGCs in
O New LAr, Tile and HEC readouts Inner Big Wheels
O Possible upgrade of FCal Software & Computing upgrades
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ATLAS Phase-ll: L1 frack trigger

O Adding tracking information at Level-1 (L1)

d Move part of High Level Trigger (HLT)
reconstruction into L1

m T
=7 = .
L1A: 200kHz is 20 ps

Q Goal: keep lepton-p; tfrigger thresholds and L1 i !
trigger rates low — Lot L1 Accept
O Options considered: - —— 'Im

4 Region of Interest (Rol) based approach with LO w
seeding necessary
4 Standalone approach (subset of layers, layout
important)
4 Challenge: squeeze into existing latency

Muon Detecton Tho Colodmator Uiguid Acgon Colorimatier

Read out data incones . LO Muon Seed
ANY

ATLAS Rol Trigger:

Improve calo and muon trigger granularities
(already in Phase-I)

= New Level-0 trigger within 5us uses calo
and muon systems to reduce the rate from
40 MHz to ~ 500kHz and define Rols

= Level-1 exiracts tracking for just Rols from

LO Calorimeter
Seed

deiecior froni'ends Sood Magnett Solonokd Mogne!  ICT frocker  Pleel Delocior 18T hocker
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ATLAS Phase-ll: Muon Specitrometer

EML

10m — -
RPC3

RPC1

Extra layers with
more resolution
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New trigger
chambers

High resolution
forward chambers




ATLAS Phase-ll: the new tfracker

Q Current Inner Detector (ID) - designed to operate for 10 years at
L=1x10%* cms! with <u>=23, L1=100kHz
Q Limiting factors at HL-LHC
Q Bandwidth saturation in Pixels and SCT

Q Increased occupancies in TRT and SCT
O Radiation damage for Pixels (SCT) designed for 400 (700) fo!

New Inner Tracker for HL-LHC (ITk)

. Baseline ITk Layout \
O All-silicon fracker, no TRT @ Y \4@
. . . o = o w1 i i xO
0 Higher granularity long strip layers \ - solenoid coil &
o\ N @)
O Improved material budget N _ sy=20
O Baseline: Layers of Si pixels and micro-strips  ~ Zﬁ
—> a=30
short strip layers smooooect P A B B B
Pixels (638M channels) S N y o
i : : pixel layers
4 barrel layers + 6 FWD disks Sfl’lps (74I\/\ chonnels) ‘ : i H :
- inner 2 layers, replaceable: . 0.0 05 1.0 15 20 25 3.0 35
25um x 150pum - 5 barrel layers + 7 FWD disks 2(m)
- . - stub layer for overlap region [ - )
outer 2 layers: o si / Pred all silicon tracker, 14 hits
50pm x 150pm - 2 Si sensors at 40 mrad ) _
= robust tracking @ <p>=140 for N<2.5
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ATLAS Phase-ll Upgrade: [Tk Performance Studies

= ATLAS smuum 1Tk Lot Layout

- \ .......................
8 : ATLAS Simulation  pie.p-0, me
% ITk Lol Layout pleup-23, ITk
- . » P50, ITk
10°
3 = & ploup=140, ITk
E ploups=0, IBL
g ploup=23, IBL
3 _— 102_ » ploup-50, 1BL
: o : E yooo TH Go 7 h‘rus s&u;.eal .
0.9- - I |
100 GeV Eﬂ’l |enc L] g |
1 "T"'-L‘!fls"”‘"’:“ y """" 1 — iR Y 10? ft, IP3D+SV1
0.8 —m;mui':';,..la 3 o l s
[ B L 5Gev h@eetmncv : '
1 0. By, ot 3 PEPUEPURPU TP UG RSP ST S —
SR S R s ] '|||H—H|||' [2 bs o6 o7 os  Toe 10
on T — 0.9
— Gxnﬂfﬁl‘f. R o o - b-jet efficiency
e et ”Ub -tagging: [Tk with <u>=140 better '
b B Y S R ¥ SR B 1 than ATLAS+IBL with <u>=0
n
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ATLAS Phase-ll: the new tfracker

® Baseline layout design:

»  Pixel size 25/50%150 um? (now 50%400/250 um?)
= better two-track separation for boosted bottom quark jets

» Less material, thinner sensors (<150 um)
= improved prresolution

» Pseudorapidity range up fon = 2.7
=  to match muon acceptance

® ATLAS-Switzerland: important involvement in ITk
(as it was for the present tracker). Under discussion:

»  Strips (UniGe proponent of one of the 2 designs)
» Pixels
» R&D on HV-CMOS started

® Baseline |CIYOUT used for detailed perf. & physics studies at HL-LHC

Not frozen in stone, neither layout nor technology
e.g.: physics case for extending the ITk in the forward direction?e
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ATLAS Phase-Il tracker: Layout Variants

[ Alternative layouts being considered which include either a further pixel layer or
inclined pixel sensor possibly attached to the same barrels

Alpine pixels Alpine pixel layout

] Uses the same stave for barrel and endcap
modules 1

J No barrel-endcap transition region MR LA A 8 8 b 8

J Less services material ' T S

 Simplified mechanical support

J Large reduction in sensor area

Conical pixels =

J Uses bent staves on outer barrel pixels
J Improves hermeticity and material in

transition region ,
Conical A

Very Forward pixels N A ;
J Extends trackingto | n | ~ 4 T "
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J ATLAS collaboration has devised a detailed 3-phase program to reflect the
changes in the LHC conditions towards the HL-LHC, characterized by high
track multiplicity and extreme fluences, with intention to:

d maintain/improve the present detector performance, ensuring optimal
physics acceptance as the instantaneous luminosity increases

d The foreseen, major ATLAS upgrades include:

J Phase-0 (2013/2014 LHC shutdown)
- Installation of a new, 4™ pixel layer (IBL)
) Phase-1 (2016/2017 LHC shutdown)
J Installation of a New Muon Small Wheels
J Fast Track Trigger
J Phase-2 or HL-LHC (2022/23 LHC shutdown):
J Inner Detector challenged by high radiation & occupancy
J Build completely new all-silicon ID (pixel and strips)
J Infroducing L1 Track Trigger
J Prepare the detector for HL-LHC and 10 more years
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Higgs Prospects at the HL-LHC

O Higgs precision measurements

U Expected uncertainties on signal ~ ATLAS Simulation
strength reduced by a factor of o= 14 ToV: Il Lot ;10 fo JLdt,'mo:V
Lot=3 extrapoiated from 7+8 Te
2-3 with HL-LHC : — :

1 I

Hopp
O Ratio of partial widths to HH.Houp |
measure rafios of couplings and VBF Hot ’
probe new physics at 5-15% level Hey 27
VBF,H-> WW |
O Higgs self-coupling in SM becomes Ho WW 4
accessible only at HL-LHC luminosity g :
ttH, Hyy
g »-H VBFHovy
o Mgs” Hoyy (+) d
g “~H jadll . NI 0 ro.e 04 06 08
0 02 04 06 08 AT, B(K /)
» Self-interaction is a fundamental property of the SM Higgs Ap T, T
» Higgs pair production includes destructive interference bw the two .
diagrams g ‘bt
= ATLAS HH->Dbbyy yields ~20 significance with 3000 fb-1 (preliminary) 10
=  Combining with HH>bbtrt, + CMS, it is believed that it is possible to g ko

reach a 30% or 40% precision on A
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Rare Higgs processes at HL-LHC

2 10°F ATLAS Simulaton ' '
U H— T S’, 10°f etV —
c\j ILd!-SOOOfb' .li’ » X pvX
O ATLAS expect >60 significance with 3000 fb! & 10° B WWs v
3 107 [ 05 -+ H -+ s, M, 125 GaV
O ftH - allows precise measurement of top-Yukawa ‘°:
coupling ‘°‘
O tH, H— vy ‘°3
O >100 signal events @ 3000 fo-’ 0 R ML E—
Q S/B ~20% o 100 120 140 160 180 200
Q tH, H —py o melcen
0 Only ~30 signal events but §/B~1 with =11 =¥y Ilepion findl state
3000 fbo'! s ATLAS Simulation s
; 250 C)zZH
% det::aooom" =
associated prod. with tt % 200 — 4
“.;“t' t W80 Star
.o “t °
“00000 0000 ;t JHIHIIHEH T ID S G H BT RIS DT ST H SRR IRE IS 0 |
Qo0 ——"T0 720 180 140 150
diphoton mass [GeV]
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IBL

2 different sensor technologies:
Q0 double chip (DC) modules with 2 FE-I4 and 1 planar n-in-n sensor file
Q single chip (SC) modules with 1 FE-14 and 1 n-in-p 3D sensor file

Planar sensor 3D sensors
200 pm thickness 230 pm thickness
inactive edge <250 pm inactive edge 200 pPm

(minimize gaps in N , no overlap)

low Q generated after irradiation low depletion voltage (<180V)
p-active edge = low threshold operation and high HV | even after high doses
_ : 2 cheaper and easier to fabricate electrode orientation suitable
FE |4Ch|p (] 6.8x20 mm ) for highly inclined tracks
336x80 pixels (50um x 250 pm)
/5% planar, 25% 3D sensors (@ large n)7z« )
362
- 0.205 z.0 B, B 0.205 A
gap between chip 3D 0.205 . ‘ gap between double planar -« C
ol i — 0
m—l b b ==
B e
Chip 30 Double chip planar Double chip planar_ «Chip 30
0.205

gap between Double planar and chip 3D
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New Service Quarter Panels

d nSQP will replace current Pixel services

O opto-boards on the panels will be replaced with e-boards connected
to new opto-boards outside the Pixel detector volume (easier access
for opftical link replacement)

O Also: repair of Pixel RO channels, redundant links, faster

d Diamond Beam Monitor attached to nSQP

0 uses diamond detectors produced for IBL frials
O will provide very fast monitoring of beam in high rate environment
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Endcap Extension (EE) Muon Chambers

d new shielding at 7m beam interaction hits
0 gap between forward calorimeter and shielding disk (w and w/o shielding)
180 _ ——
2ml ¥ EML EOL 160 F
1 ] 140 — ;;::-;ﬁ
RPCs 6 :
10 4. _ . /1y ) S m T
BoL [ 1 [ 2 | 3 /a4 1 5 | 5 100--
/] .\ - 20—
s J" 4 :_
BML | n =
! 3 3 60:— M
1B, Gl O B » FLUGG MC -
BIL 2 o0 e e
) 2| C %‘nmmcoommmd:’?m:?o
- EL  End-cap =+ TGCs 1 T
., magnel d' - § 1 05). MS Efcency vs. 1 +-Data
cs¢C ___ .- e 5 © Isolation: PICone2P1<0.10 = MC
e —— 1 —— * o + -~ e,
, p— ‘ : 1‘ . » - 0_952.’." . - . ...' oﬁ": .. .00-
0 2 “ 6 8 10 12 14 16 18 X - v
09 “0 0’
Q0 Endcap Extension (EE) Muon Chambers O ot 2011 Fon Prsiod -1, Bikcioncy = 06.10%
_ . . . 0.8; - + -
Q Finish installation of the EE muon chambers staged in s ek, 000501 Moty w0 ¢
2003 + additional muon chambers in the feet (with fMC: Z-spin, Clicloncy = 00.30%

055 2 48 -1 05 0 05 1 s 2 2s

new electronics) and elevators region ;

Q Addresses low efficiency in the region 1.0<|n|<1.3

September 13, 2013 ATLAS Upgrades



New Muon Small Wheels (NSW)

Q Precision chambers combine small-strip TGCs and MicroMegas technologies

for robustness to Phase-Il luminosities

d sTGC (small-strip Thin Gap Chambers): reduced cathode resistivity of 100kQ/square
- rate capability has been increased substantially up to 30kHz/cm?2

O MicroMegas (MM)

—MM consists of a planar drift electrode, a gas gap of a few mm thickness,

acfting as ionization and drift region, and a thin metallic mesh at ~100 um distance

from the read-out electrode, creating the gas amplification region

Micro-MEsh Gaseous Structure
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ATLAS Forward Proton (AFP)

Diffractive Physics »,,—--;__-’?__-- -“;.,-
O ATLAS Forward Proton (AFP) detectors g P
d Tag and measure scattered protons at £210m Sy

O Hardware

4 Radiation-hard edgeless 3D silicon developed in IBL context

d 10ps timing Cerenkov detector for association with high pT primary
vertex '

Tagged proton momentum loss & 0.02<5<0.2
Acceptance | o ] s N "
. . . ypical di-photon mass acceptance | 300</(§; Sax)< 1200 (GeV)
d Probe hard diffractive physics and | Spatial Resolution ! =15
H n Angular Resolution ~ 1 prad
S1 Tracker c
heovy porT|C|eS o Reconstructed Mass Resolution ~ 5 GeV
T QUARTIC = Tume resolution <10 ps
g ATLAS
LHC beam

High pT even

\\
\\

Diffracted
206 m protons
3D Si

214 m

214 m 3D Si
Timing
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Calorimeter Upgrades

O EM and Hadronic Calorimeters require no upgrade
Q full upgrade of FE and BE electronics for both Lar EM and Tile Hadronic:

4 radiation effects and expected flux will deteriorate their performance
O Hadronic EndCap calorimeter cold electronics designed for 1000 fbo!

d assuming safety factors >  possible replacement

O Current Forward Calorimeter (3.2<|n | <4.9) not designed for L>1034cm2s’!
when space charge effects cause significant signal deterioration

Option 0
detector unchanged

Option |

complete replacement of FCAL

smaller LAr gaps (to reduce ion build up /HV drop)
+ better cooling (to avoid overheating)

Option 2

installation small calorimeter in front of current Fcal:
Mini-Fcal

—> reduce energy and ionization @ FCal
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