ATLAS Upgrades Towards the High Luminosity LHC:
extending the discovery potential

e XX INTERNATIONAL WORKSHOP on
= DEeer-INELASTIC SCATTERING AND
2 RELATED SUuBJECTS

Ve

A
Y7
/%

!

S, SN e A 3
SR N R e
Al L |2 ’
Yy L AL
ST W
. 3 P N -
0 3 o
P :\\'\: e
T A
AR ~..'.. 3
i oy

—Y3

A5

5
-
-

[ (S

B
A

|-
| el
P
=
';.’r

-

3
3
&

ey
R
W

NN _'| ._»a»"..‘.:; &
i Silvia Miglioranzi
CERN

On behalf of the ATLAS Collaboration




Outstanding LHC performances during 2012

LHC and ATLAS performances in 2012

ATLAS data taking efficiency ~94%

dominated by detector dead time

peak luminosity routinely over 7.5 1033cm-2s-
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ATLAS performances in 2012

It was a success despite difficult conditions

the expected in time at design
luminosity (1x1034cm=2s-1) was 23
(25ns bunch spacing)
* in 2012 peak p regularly over 35
(50ns bunch spacing)

Inner Detector
* high reconstruction efficiency
(~99% for muons)
« vertex reconstruction performing well
Calorimeters (e/y performance)
» electron energy response and photon
conversion reconstruction

Recorded Luminosity [pb “70.1]

ATLAS Online Luminosity
@ Vs=8TeV,|Ldt=20.81fb" <u>=207
L
[0 Vs=7TeV,|Ldt=52" <u>= 9.1
L

Z-> ppu with 25 reconstructed vertices
ok KA I AT A== \ e

KA

showed excellent stability w.r.t. increasing PU
Calorimeters (Jet/Etmis performance)
* missing Et reconstruction performing well
» stable resolution performance
Particle ldentification
 identification efficiency quite robust against PU
Trigger
* developed algorithms are robust against-pile up

15/03/2012




W h U d r) ATLAS Simulation
y p g ra e . Vs=14TeV: _(Ldt=300 fo; ILdt:SOOO fo!
[Ldt=300 fb™ extrapolated from 7+8 TeV

Houp
Physics programme at LHC only begun with Vs= 7-8 TeV collisions s
o — 8 VBFHott
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Higgs boson precision measurements i N VBFHoyy
« expected uncertainties on signal strength : = J Hone) g
reduced by a factor of 2-3 with HL-LHC & - [ 3 Hovy g ‘
ratio of partial widths to measure ratios of Ft e 002 04 05 08

couplings and probe new physics B * TN /1 M
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at 5-15% level " o - T = _ ATLAS Simulation
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Higgs self-coupling in SM becomes accessible only at HL-LHC luminosity

Probing new Physics
« SUSY and other New Physics beyond SM
* enhancements in vector boson scattering amplitudes
rare processes such as FCNC decays of top accessible to 10°

details on the Physics case in the European Strategy Meeting (Sept. 2012, Kracow) ‘
http://indico.cern.ch/conferenceDisplay.py?confld=182232 02 04 06 0.8
ATJTy) Ak /xy)
Ty TRy
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Precision measurements of Higgs couplings

final states targeted to measure couplings (that have low signal rate at LHC):

ttH (with H-> yy)
allows precise measurement of top-Yukawa

coupling
cleanest signal (w.r.t WH/ZH) - S/B ~20%
S/AB ~6 with 3000 fb-* (x2 better than 300 fb-1)

. . C_JttH
ATLAS Simulation COWH
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Detector Challenges
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Peak luminosity 2 1 to 5x103*cm-2s-"

* higher trigger rate
- need improved triggers
rather than simply raising
thresholds globally

baseline of the future Inner Detector
traversed by an event with 230 Pile Up

Multiple interactions per crossing - <140>
» higher detector occupancy
* increasing reconstruction complexity

Increasing fluences - >10"°n,./cm? close to the beam pipe
* increased radiation damage
* increased activation of materials

Aging electronics (obsolete technology)

Distribution and Analysis of data sets recorded at 5-10kHz over a world wide
computing infrastructure
S. Miglioranzi




LHC Upgrade schedule

2009 m
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

20307

1-d3 00€=<

1-d3 000€~

(@ | HC startup, Vs= 900 GeV
Vs=7~8 TeV, L=6x%1033 cm2s-', bunch spacing 50 ns

emmm Go to design energy, nominal luminosity
Vs = 13~14 TeV, L ~ 1x1034 cm2 s-1, bunch spacing 25 ns
Phase-0

(@ |njector and LHC Phase-1 upgrade to full design luminosity
Vs = 14 TeV, L ~ 2x1034 cm2 s-1, bunch spacing 25 ns
Phase-l

¢ HL-LHC Phase-2 upgrade, IR, crab cavities
Vs =14 TeV, L = 5x1034 cm2 s™', [uminosity leveling
Phase-ll
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Phase 0: 2013/14 (LS1)

LHC

» consolidation of the superconducting circuits
issues identified — improvements and upgrades planned
» replace/repair superconducting splices for (almost) design energy (13TeV)
and nominal (1034cm-2s-") luminosity > 50 fb-"

ATLAS
detector consolidation

new Al beam pipe

new evaporative Inner Detector cooling plant

new Low Voltage calorimeter power supplies

power network, magnet cryogenics, services...

completion of the Muon system
new chambers in the muon spectrometer to improve geometrical
acceptance (extension 1<|n|<1.3)

additional neutron shielding in endcap toroid

detector upgrade

* Insertable B-Layer

* new Pixel Service Quarter Panels (nSQP)
 Diamond Beam Monitor (DBM) . Miglioranz




Insertable B Layer (IBL)

closer to IP

Physics motivation

« robust tracking in case of failures in the current pixel system

« from L = 2x103%* cms-! b-tagging efficiency will start to degrade

* improves impact parameter resolution, vertexing, t-reconstruction at high pile-up

Light jet rejection

occupancy B layer (current innermost layer)

IBL nominal Track Selection
——— |BL pileup Track Selection
Double-hit Inefficiency : : : : : - ? ATLAS nominal Track Selection
Busy/Waiting Inefficiency : : : ; . : - ——+—— ATLAS pileup Track Selection
Late Copying : ; : : : : : =
Total Inefficiency

- sJIBL

Inefficiency (%)

IP3D+SVA1

ULULALE RN ROARN KRS LR RELAN RELES RARRE RRRLN RARRS L

25

Number of pileup interactions
S. Miglioranzi




Insertable B Layer (IBL)

14staves with overlap in @
<Rgens>=33.25mm (currently 50.5 mm)
finer pitch, reduced material

* improve performances

new front end chip
» reduce inefficiency at high pile up

new Be beam pipe
(to minimize background)




IBL layout

2 different sensor technologies:
» double chip (DC) modules with 2 FE-14 and 1 planar n-in-n sensor tile

» single chip (SC) modules with 1 FE-I4 and 1 n-in-p 3D sensor tile

* g inactive edge <250 um inactive edge 200 pm

il (minimize gaps in n, no overlap)
eleé}rodes 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 for
FE-l4chip (16'8)(20 mm ) highly inclined tracks

336x80 pixels (50um x 250 um)
75% planar 25% 3D sensors (large n)

362
0.205 0.205

-t

Tgap between chip 3D \ gap between double planar

-e% | | T
‘i « | = - ~ 4 [ 4 -
~

A.
-

Double chip planar Double chip planar

0.205
gap between Double planar and chip 3D

-t

S. Miglioranzi




Muon System

* new shielding at 7m

- 1A : b interaction hit
« gap between forward calorimeter and shielding disk €am IRTEraction nits

m
o
=

[ &

»= FLUGG MC ]

o

800 900
abhelrh lemb

100 200 300 400 2S00 600 TDDI

[ [w[e} &« ] o

—_——
—_—
—_—
—
—_—
p—
—
—
-

> ]
9 = 7
S 1.05 = MS Efficiency vs. 1 —~+-Data E
%’ = Isolation: PICone2/Pt<0.10  —MC ]
1 L -
C edri-i vy A TR TS - g Fopres -
et v e v T " '.m::
0.95
C -4 ¥
0.9F g .
0.851

« Endcap Extension (EE ) Muon Chambers
* installation of 52 of 62
» address low efficiency in the region 1.0<|n|<1.3

 Data: 2011 Run Period D1-H1, Efficiency = 95.16%
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Phase-I: 2017/2018 (LS2)

LHC
» consolidation of injector chain, collimators
« peak luminosity 2x103*cm=s-' > 300fb' @ 14TeV

ATLAS
detector upgrade
New Small Wheels for the forward muon spectrometer
Fast Track Trigger at “Level 1.5”
Higher granularity in L1 Trigger for calorimeter
Topological L1 Trigger processors
Central Trigger Processor (CTP) upgrades
New forward diffractive physics detectors (AFP)

all upgrades should be compatible with Phase-l|

Phase-| Lol: https://cds.cern.ch/record/14024707In=en KN TTIS BTN

S. Miglioranzi




New Muon Small Wheels (NMSW)

Forward (1.2<|n|<2.4) muon small wheel with improved trigger capability

L1 trigger rate with p,(u)>20GeV

high rates in muon system from cavern background,
especially in forward region

aim to maintain high trigger efficiency for low
Pt leptons w/o raising thresholds

idea is to kill the fake trigger by requiring an IP
pointing segment (< 1 mrad angular resolution )
in small wheel

equipped with precision tracker working

up to the ultimate luminosity

Entries/0.2




New Muon Small Wheels (NMSW)

Precision chambers combine sTGC and micromegas technologies for robustness
to Phase-Il luminosities

4+4 |layers of MicroMegas (MM) for precision tracking
° planar drift electrode Conversion & drift spacg
» gas gap of a few mm thickness, acting as ionization and drift region
» thin metallic mesh at 128 pym distance from the read-out electrode
—-> gas amplification region
4+4 |layers of Thin Gap Chambers (TGC) for trigger
* new version with reduced cathode resistivity for higher rate capabilities
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» expected x3 reduction in trigger rate for
pt(M)>20 GeV at Level1 with NMSW
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Calorimeter Level 1 Trigger

Goal: maintain high efficiency for Level-1 triggering on low PT objects
(here electrons and photons)

The current Level 1 EM calorimeter trigger uses:
* E, thresholds based on AnxA@=0.1x0.1 trigger towers
* no fine grained EM sampling level info

available at level1 trigger to compute

shower shapes

1. Rol location based on current An=0.025
Level-1 trigger system MEE

2. Algorithm seeded by most
energetic AnxA¢=0.025x0.1
Super-cell LAr eleciromagnetic

end-cap (EMEC)

3. 2nd most energetic neighbour in ¢ .
(above or below) define cluster LAr elecfromagnetic
barrel (EMB)

AnxA$=0.2x0.2 core LAr forward (FCal)

>

4. Add neighbours in h,f to form cluster

Wjder_ eta environment for isolation/ Cluster Shape information IOSt
rejeeton using coarse granularity

LAr calorimeter: changes to the front-end electronics to exploit finer granularity

« computation of lateral and longitudinal shower shapes
« preserve un-prescaled single electron triggers at E,~25 GeV for LHC operation

beyond the nominal design (>103*cm-2s-1)
S. Miglioranzi 16




Calorimeter Level 1 Trigger o | ATLAS simuaton

— Jets

The use of shape cuts at Level 1 reduces trigger
rates keeping high physics acceptance

R, parameter for electrons and jets defined
as the ratio of the energy in the 3x2 ; |
over the energy in the 7x2 clusters 05 055 06 065 07 075 0.8 08 09 095

of the 2nd layer of the EM calorimeter R

n

electron rate vs E; threshold

T

ATLAS simulation
<u>=81, L= 3x1034

[

Acceptance for WH using single e trigger
and corresponding trigger rates

.
S——

ET>23 GeV

ET>23 GeV and Isolation
ET>23 GeV Isolated, R,>0.94
ET>23 GeV, Isolation, R,>0.94
and E*° <0.8 GeV

Er (EM) > 35 GeV
Er (EM) > 35 GeV
and isolation
Er (EM) > 35 GeV
and isolation

L1 Rates [kHZ]

-
-
i
.
.

n

—’-

and shape cuts vwn ............... g RS S S
V T
Er (EM) > 23 GeV o Yok ‘srs* eeas fﬁ)ﬁtﬁ%&w

ang |sr:)lat|on L1 EM E; [GeV]
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Fast Track Trigger (FTK)

FTK provides a “Level 1.5 track trigger (~25us) as input to Level 2 with track
reconstruction with offline precision

descendant from the CDF Silicon Vertex Trigger (SVT)

input from Pixel (including IBL) and SCT

data in parallel to normal read out

allows improved object identification using track matching, lepton isolation,
vertexing, b-tagging and t-reconstruction

two steps process:
1) real hit patterns matches to 10° pre-stored patterns in associative memory
2) subsequent linear fitting in FPGAs, yelding precise track information

* OFFLINE
Single particle track efficiency
at 3 x1034 cm?2s™

Pattern recognition in coarse resolution Track fit in full resolution (hits in a road)
F(Xy, X9, X3, ..0) ~ 89+ @1AXy + @AX, + a3AX3 + ... =0

S. Miglioranzi




Phase-Il: 2021/2022 (LS3)

LHC

* prepare for luminosity leveling
« peak luminosity 5x1034cm-2s (leveled), considered up to 7x103*cm-2s! (<u>=200) for safety
- 3000 fb'' @ 14TeV

ATLAS
detector upgrade
» replacement of the entire Inner Detector
LAr and Tile calorimeter electronics upgrades
possible upgrade of Forward Calorimeters

upgrade of Muon system

* Muon Barrel and Large Wheel trigger electronics
» possible upgrades of TGCs in Inner Big Wheels

forward detector upgrade

Target Absorber Secondaries (TAS) and
shielding upgrade

implementation of L1 track trigger
TDAQ upgrade

software and computing

various infrastructure upgrades
common activities (installation, safety, ...

Phase-Il Lol: https://cds.cern.ch/record/1502664?In=en




Inner Tracker for HL-LHC

Limitations of the current ID (detector designed for 1x1034/ 700 fb1):

« radiation damage
- increased leakage currents and deteriorating performances at 5x1034cm-2s-’

 bandwidth saturation

I ~ (o)
. occupancies occupancy in the TRT tubes ~ 50 %

several % in strips

expected fluence at 14 TeV (3000 fb") g

1 MeV neutron equivalent fluence

i
B
i

£
G
~
N
Q2
2
£
I
Q

R =88.5mm
R =50.5mm

R =0mm

R=122.5mm
Pixels

data rates in several layers beyond readout capacity

S. Miglioranzi 20




Inner Tracker for HL-LHC

Classical layout with barrel cylinders and endcap disks

« optimizes use of the available space, within engineering constraints
» used to establish baseline performance and cost
* no special triggering layers

» 5 barrel layers + 7 fwd disks
0  stub layer for overlap region
\ & » 2 Si sensors at 40mrad stereo
solenoid coil - < angle

eta=1.0
7

long strip layers l

stub cylinder

-~ g eta=2.0

E S Pixels (638M channels)

i | ] * 4 barrel layers + 6 fwd disks

short strip layers * inner 2 layers replaceable:

25um x 150um
» outer Pixel:

50um x 150um
pixel layers beam pipe « sensors bump bonded to readout
chip using 65nm CMOS

! ! ! technology

1.0 1.5 . : 3.0

z (m)

total of 14 hits with full coverage to n=2.5 minimize gaps in coverage

» Pixels to n<2.7 (forward muon ID)  last strip disk at z=3m, last pixel layer at 25-30cm
(improve double track resolution) 21
* small “stub” layer in barrel




hits on muon tracks with pt>5 GeV vs n

Inner Tracker for HL-LHC

ATLAS Simulation

W Total Hits (solid z=0, points z=+15 cm)
V¥ Strip Hits (solid z=0, points z=+15 cm)
A Pixel Hits (solid 2=0, poin’@r=+15 cm)

Num.Hits

* maximize coverage uniformity
barrel-endcap region hit coverage
- stub cylinder

IIIIIIIIIII. IIIIII

.}

* good momentum resolution across
whole n range

IIIIIIII

OO

the tracker re-design will mitigate the effects of increased pile-up

UL | 1T
ATLAS Simulation pileup=0, ITk
ITk Lol Layout > pileup=23, ITk
© pileup=50, ITk
© pileup=140, ITk
pileup=0, IBL
» pileup=23, IBL
4 pileup=50, IBL

T

11 111

T IIIIIJII . !
>

L1 lIIIIII

Light jet rejection

<u> = 140 - btagging performance of Lol
layout is better than ATLAS+IBL layout

(Phase 0) with no pile-up

T IIIIIIII
L1 Jllllll

tt, IP3D+SV1

“‘i‘: i

T III[IHI
11 Illllll

e P
T,
)
/i 2y

1 1 I 1 1
0.9
b-jet efficiency
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L1 Trigger

L1 Track Trigger: introduce inner tracker into L1 trigger to improve selectivity

potential great benefit adding tracking information
» reduce single lepton trigger rates combining Inner Tracker info with:
« MUON: after nMSW in Phase-l - precision chambers info in the trigger
« CALO: possible use of detectors full granularity at L1 in Phase-Il

« can improve T-identification and b-tagging

.. but it introduces complexity and needs longer processing time
* increase the Level-1 latency (~20 us)
» present single-stage L1 trigger scheme could evolve into a 2-level trigger

MUONS TRIGGER

LOA: S00kHz in S ps
Level-0 Level-1

L1A: 200kHz in 20 ps

CENTRAL TRIGGE PROCESSOR

I 11 Accept

v __ L1 TRACK TRIGGER
Level-0 Level-1

CALORIMETER TRIGGER




TDAQ

Redesign of Trigger/TDAQ layout to cope with high rates and latencies at 5x1034cm-2s-"
low P+ lepton trigger thresholds = essential for maximizing physics acceptance

Front End

: Level-0
i Muon Trigger

500 kHz, 6 us 200 kHz, 20 us

Level-1

Barrel

Barrel Sector

“| Logic

MuCTPi

Endcap Sector

Endcap/NSW

—1 Trigger

Topo/CTP :

Tracker

ITK RODs

Topo/CTP

Calorimeters

DPS/TBB

: Calorimeter Trigger
' eFEX/JFEX

A2

Calo RODs H

S. Miglioranzi




Summary

ATLAS is actively pursuing a series of upgrades to ensure continued detector
efficiency and consequently optimal physics acceptance with increasing luminosity

« additional Pixel layer and other detector consolidation during this shutdown
(2013/1014)

* major upgrades to improve Trigger capabilities during Phase-| shutdown (2018)

* replacement of the Inner Tracker, Forward Calorimeter, Electronics and
Trigger/DAQ during the Phase-Il shutdown (2022)

program to build on experience to improve our detector and
equip it

These upgrades are essential to exploit the Physics potential at the LHC
« to preserve performance while luminosity increases
* in several cases we can improve / extend the performance

S. Miglioranzi







The ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

e\ nmﬁ J)‘)ﬁ j

4&4‘“ ”

A / ¥
7/
‘ K o - o " w
o
%‘/ s \ ¥ 4
«
14 “

oroid Magnets  Solenoid Magnet I SCT Tracker Pixel Detector TRT Tracker I
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Precision measurements of Higgs couplings

final states targeted to measure couplings (that have low signal rate at LHC):

H-> pu
« S/B~0.2%
« 60 signal significance with 3000 fb-"

ATLAS Simulation
s =14 TeV

—_Z
[ Ldt = 3000 fb" T

Bt - pvXpvX
— WW- pvuv
- gg — H— pp, m =125 GeV

>
)
O
-
o
~
2]
—
&
>
L

Events - Bug / 2 GeV

m,, [GeV]
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Searches for New Physics
Unique opportunity at LHC to extend the reach for New Physics searches beyond the SM

... and in the event of discovery = precision measurements characterizing its properties

95% exclusion limits in mg-megrid search for ttbar resonances from gy,—>ttbar
assuming m, sp = 0 with 3000 fb-" —~>limits extended to ~7 TeV with 3000 fb-"

Squark-gluino grid, m . =0. Vs=14TeV METAHT>15GeV"? S ——
T T T T T T T T T T T T T T T A g /gs=-0'20
L dt = 3000fb o

Z'aatsl a[:)bl - L
--«-- Expected limit

. . Expected+ 1o
ATLAS Simulation Expected+ 26

w3000 i ' discovery reach

300 b discovery reach
Py ™ W ¥ 3000 b exclusion 95% C

= = = 300 " exclusion 95% CL

gKK—>tf
s=14TeV

L ]
‘e
..'. (]

2500

IIIlIIIIlIlIIIIIIII

20001 Zn, sys=30%
[ ATLAS Simulation

| 1 llIllllI 1 lIIllIlI 1 IIlIIllI 1 Illlllll I_I_I.“_I,“ll

IIlI|II|_I|Ifll|llllrlllll

1500 l ! t . I . ! . - I ! : ! ! I : : ! y I 3 =t L1l I Ll 1l l LAl 1l I Ll 1l I 1l L L I Ll L1 I Ll 1 1l l Ll 11 l L1l
2000 2500 3000 3500 4000 *3000 4000 5000 6000 7000 8000 9000 10000
m; [GeV] m,  [GeV]

SM still not sufficient to explain the Higgs mass: there should be something else beyond SM...

S. Miglioranzi 29




Further Pixels upgrades

nSQP will replace current Pixel services (project was fully approved last January)
opto-boards on the panels will be replaced with e-boards connected
to new opto-boards outside the Pixel detector volume

(easier access for optical link replacement)
redundant and safer location for fibers transmitters

material transparency optimization
doubling of the readout bandwidth in view of L, = 2 x 103* cms™

Diamond Beam Monitor attached to nSQP
» usesdiamond detectors produced for IBL trials

will provide very fast monitoring of beam in high rate environment

Installed ER wire bundles
(data, command, clock wires)

PPO board stiffeners

PPO support plate A S

material reduction: 3 ~ - new PPO flex,

Al to GF 30 PEEK router guide

Cable boards terminate

ER bundles and connect
to E-board

Replaced opto-board by
LVDS repeater E-board
Removed cooling loop




NMSW technology

Precision chambers combine sTGC and micromegas technologies for robustness
to Phase-Il luminosities

« 4+4 |layers of MicroMegas (MM) for precision tracking
« planar drift electrode
« gas gap of a few mm thickness, acting as ionization and drift region
 thin metallic mesh at 128 ym distance from the read-out electrode
—> gas amplification region
» 4+4 layers of Thin Gap Chambers (TGC) for trigger
* new version with reduced cathode resistivity for higher rate capabilities

Amplification
Gap 128 um

S. Miglioranzi




New Muon Small Wheels (NMSW)

» expected x3 reduction in trigger rate for
pt(n)>20 GeV at Level1 with NMSW
at 103* cm2s-1

Acceptance for WH (W->uv) using single p trigger
And corresponding trigger rates

N
(e»)
[=2]

IIIIIIIII]IIII|IIIIIIIIIIIIIIIIIIIIIIII
Ys= 14 TeV L=10* cm2s!

o Extrapolation

without NSW

4 n>1.05

¥ In<1.05

m Extrapolation
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-
o
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Trigger Efficiency (%)
pr(w) > 20 GeV 82

Muon level-1 trigger rate [Hz]

N
o
w
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P, threshold [GeV]

pr(u) > 40 GeV 50

pr(n) > 20 GeV with NSW 78

NMSW segment matches in (n—¢)
to the triggering segment
—> order of magnitude rate reduction
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Calorimeters

« EM and Hadronic Calorimeters require no upgrade
 full upgrade of FE and BE electronics for both Lar EM and Tile Hadronic:
 radiation effects and expected flux will deteriorate their performance
« Hadronic EndCap calorimeter cold electronics designed for 1000 fb-"
» assuming safety factors = possible replacement

Current Forward Calorimeter (3.2<|n|<4.9) not designed for L>1034cm-?s-"

» space charge effects cause significant
signal deterioration

Option 0
detector unchanged

Option 1

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

S. Miglioranzi




TDAQ Phase-| Upgrade

The current L1 trigger has been running extremely efficiently — however it is
approaching its design limit (1034)

L1 Topological processor
* new topological event selection capability
 FPGAs based implementation
* Inputs:
« pre-Phase-l : L1 Calo + L1 Muon coarse granularity info
 Phase-l . data from new L1 Calo digital processor
+ full granularity info from upgraded L1 Muon

Central Trigger Processor (CTP) ST Y

* increased number of inputs: 160 - 512 — y

* Increased of trigger items Tk
(combination, flexibility) : 256 - 512

s .9

‘ -
e =

O’

HLT bandwidth . % :
* increased number of nodes and connectivity _ %
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