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’esperimento ATLAS A@
al Large Hadron Collider del CERN di Ginevra

* Studio di collisioni protone-protone a energie fino a 14 TeV nel
centro di massa
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ATLAS and CMS HL-LHC prospects 3ab' (14 TeV)
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* The Physics case

e Challenges at HL-LHC

* The ATLAS Upgrade Program




V8 = 14 Tev, 3000 b par expanment

Physics objectives for HL-LHC (in a nutshell)

* The HL-LHC program aims at collecting at least 3 ab™* of ;“ mswdm
14 TeV pp collisions (~ 15 times the present sample) ;

* This data will be essential to: f:_ i
* Improve the understanding of the Higgs Boson couplings f: o

* Major couplings measured at % level precision S B - s

Expected uncertainty
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Physics objectives for HL-LHC (in a nutshell)

* The HL-LHC program aims at collecting at least 3 ab™! of

14 TeV pp collisions (~ 15 times the present sample)

* This data will be essential for:

* Precision electroweak measurements:

* Longitudinal polarised vector boson scattering, triboson couplings,

electroweak processes involving top quarks, rare processes.....
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* Searches for Beyond Standard Model physics:

» SUSY, dark matter, new resonances, long-lived particles 10°

* Flavour physics studies: 10°

* Rare bottom and top decays, constraints on CKM 10
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Challenges at HL-LHC

LHC HL-LHC
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HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY - 3 PROTOTYPES < CONSTRUCTION INSTALLATION & COMM. PHYSICS

* The HL-LHC will provide higher instantaneous luminosity (5-7.5 10%% cm=s1)

* The pile up will increase from u=60 (now) to n=140-200 (levelled)
* Much larger radiation to detectors

* The beam induced cavern background will increase linearly with the luminosity
* Very large collected data sample : big challenges for computing and data storage



Challenges at HL-LHC
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* To fulfil the physic goals the upgraded detectors should

* Measure all relevant final states (leptons, photons, Jets, Missing Et etc.) aiming at better performance
wrt now, in a much harsher environment

* Be very radiation hard (eg: Inner Tracker ~ 10'° n/cm?)
* Improve the triggering capabilities, trigger rates X10 higher while keeping same lepton Pt threshold

* Improve the read-out capabilities (Read-out detectors at 1 MHz)



Overview of the ATLAS upgrade program

Very ambitious and complex upgrade program on all the ATLAS systems

Trigger and DAQ Upgrade

Single level Trigger with 1MHz

output (x 10 current)

Improved system with faster

FPGAs

HLT output rate (up to 10 kHz) and EF
with 150 kHz full tracking

Calorimeter Electronics

On-detector electronics upgrade of LAr
and Tile Calorimeters

Provide 40 MHz readout for triggering

High Granularity Timing Detector
Precision track timing (30 ps)
improve pile-up rejection in the

New Muon Chambers and Electronics

New Inner Tracker (ITk)

All silicon with 9 layers up to Inl=4
Less material finer segmentation
Improve vertexing, tracking, b-tagging

Improved trigger efficiency/momentum
resolution, reduced fake rates

forward region

— 0
Additional small upgrades CO\‘
* Luminosity detectors (1% precision) $o'¥ S \>
+ HL-ZDC (Heavy lon physics) i




Trigger and DAQ upgrade

» DAQI New TDAQ architecture

* Completely new architecture based on custom FPGA cards (FELIX) N ) [e-n-][:-'v- J

N U ——
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€ L0 trigger data (40 MHz)
« = L0 accept signal

<— Readout data (1 MHz)
< = EF accept signal
Q:o.mmnom:)

* Trigger:

* Level-0 Trigger data input at 40 MHz from Calorimeters and Muons

* Level-0: Rate 1 MHz, latency 10 ps
* Exploits full detector granularity with new Global Trigger component

* Software based Event Filter: Rate 10 kHz

* Extended tracking range fully exploiting ITk, improves muon trigger
efficiency

* Based on CPU and accelerators (technologies under evaluation)




The Inner Tracker (ITk)

Completely replace the current Inner Detector (ID) with an all silicon Inner Tracker

: Schematic view of ITk syst
with much larger acceptance el e %
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Very large and complex structure including:
» 13m? of Pixel detectors (Inner System, Outer barrel and Outer End Cap)
» 168 m? of Strip Detectors (Barrel and End Caps)
* 5.1 Billions channels

Reduced material and finer segmentation

* Smaller pitch for inner pixel layer: 25x100 upm?2 (50x50 mp2 in other layers)
* Improved vertex reconstruction (dyand z;)

At least 9 silicon hits per track

Radiation tolerant up to 1E16 neq/cm? (inner Pixel layer)
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Inner System loading Pixel Outer System Stave {4

.

Tk Pixel

* General features:

* Five barrel-layers + inclined and standard rings T
End Cap ,

* More than 5 Billions pixels, ~¥10 k modules

* Inner system replaceable (due to expected
radiation damage)

* Serial powering (less material)
* Carbon fiber supports, thermal demonstrators

* Sensors:
* Pixel sizes
* 25x 100 um? (innermost barrel)
* 50 x 50 um? (everywhere else)
* 3D sensors in innermost barrel/disks
* Planar sensors in the other layers
* 3 or 4 FE chips/module

* Production status:
* All sensors are in pre-production

* Hybridization pre-production modules started

* ITkPixV2 readout chip has been received and is
being tested
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|_I_k St ri p | . - Prototype Module
* General features: < //

* Four-layer barrel and two six-disk endcaps

* Angular coverage of |n| < 2.7
* 18 k modules

* Sensors/ASICs:

* Strip width ~75 um Prototype étave

* ¥60 M channels “ oI

* 3 front-end ASICS: ABCStar, HCCStar and & Production End Cap Wheels
AMAC ’ AN

* Radiation: 1.6E15 neq/cm?

* Production status:
* Sensors: In production.
* ASICs: in production

* Hybrids and modules in pre-production

* Issue with noise when operating at cold

caused by vibrations of capacitors on Power
bards

* Possible mitigation found
* Mechanics in production

j oo
& { & ikt



High Granularity Timing Detector (HGTD)

HGTD improves pile-up rejection in the forward region and
provides luminosity measurement

Located at |z|=3.5 min front of the LAr End Cap

Active area: 12 cm <r< 64 cm; 3.6M Channels

2.4<|n|<4.0

Silicon detector modules mounted on disks

Rad Hard Carbon infused LGAD sensors to mitigate single event
burnout

* 1.3x1.3 mm2pads
Two sensor layers/disk
Two disks/side (total 4 layers/side)
Target time resolution:

» 30-50 ps/track up to 4000/fb

Current Status:

Final fgont—end ASIC prototype (ALTIROC3) received and initial tests
starte

Established maximum field per sensor thickness

Prototype sensors met radiation tolerance requirements below this
critical field

Design of modules, services, mechanics progressing
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4D tracking using precise vertex timing for Pile-Up rejection
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LAr Calorimeter

* General for all calorimeters
* New on-detector and off-detector electronics.
* Continuous readout at 40 MHz.
» Full digital input to ATLAS trigger system

* LAr Upgrade in 2 Phases:

* Phase | : Trigger digitization and processing (in operations)

* Phase Il: Calibration, digitization and signal processing for energy

reconstruction.

Phase Il

On detector:

* New high precision frontend electronics aiming at 16-bit dynamic range and

linearity better than 0.1 %.
* Two new ASICS housed on a new Front End Board (FEB2):

« Two new ASICS housed in new Calibration Board:

e Off Detector:

» LAr Signal Processor (LASP) and LAr Timing System (LATS)
* Total bandwidth of 345 Thps.

* ATCA boards for waveform feature extraction with ~33k links at 10 Gbps.

On-detector Off-detector 14

e b Bemrd [p——

LAr Signal Processing
(LASP)

demonstrator under
testing

Status:

*Major technical progress in all areas
*Pre-production wafers of FE Board ASICs received

*FE Preamp/shaper ASIC (ALFEv2) & ADC ASIC (COLUTAv4
*Prototype off-detector elements proceeding



New vs old PM stability vs int. charge

Tile Calorimeter

S b ATLASPreiminay L. 3
. S z =5 o [ Tile Calorimeter ]
New modular mechanical design of the front-end housing 4 mini drawers for 2 osb o Ri1187 S
better accessibility and maintenance and increasing redundancy § L e
Replacement of the most exposed PMTs (about 10%). & 0.95 “'%1% =
2 ook o E
Replacement of passive PMT HV-dividers by active dividers for better response j;’ .- WIJ‘HWM "’#@m ‘ :
stability. 0.85 Pk E
08; | PESEE TOPY (YT TNy PO RIS |1 RSP PURSY NN T VRN | SEPTICC SRS T TORS) (o TTT0 PP T l:
Front End board for the New Infrastructure with Calibration and Signal Shaping 2 e #R S R P
(FE NI CS) Integrated anode charge [C]
* Shaping and amplification (2 gains) of the PMT signal and calibration (9852 boards
in total)
* Builtin charge injection systems for ADC calibration
Phase-2 demonstrator has been installed in ATLAS and is taking data. Adg@f B(‘jase
oar

* Has proven to be very useful to test the electronics and identify problems early on
* Demonstrator gives stable performance, low noise and good CIS and laser signal

Status:

* Most on-detector items are in production
* First production batch of FENICS to be received soon
* Mainboard production close to completion
* Mini-Drawer Mechanics production completed
* Design of DaughterBoard is being finalized

PMT Blocks

HV regulation
Board
(underneath)

Main Board

Mini-drawer



Muons '

* Muon upgrade aims at Improving trigger coverage and fake rates+ new

electronics to be compliant with the 1 MHz LVLO and new latency (10 ps)

Production status:

Addition of layers of sMDT, TGC, RPC in the Barrel region (NSW Phase | upgrade
for End Cap)

* To Improve trigger coverage
Change all the on-detector front-end electronics £
» Readout/trigger upgrade to send data at 40 MHz.

—

MDT will provide LO trigger to improve Turn-On

LO efficiency wrt offline
[=]
L]

o
<D
T 7 T

sMDT:

* Chamber production almost finished, two thirds of the chambers already at CERN.
Frontend-boards to be produced in the fall.

» Start of commissioning in early 2024.
RPC:
* Second FE prototype delivered and under test.
* ASIC engineering run submitted.
* Prototype chambers under test.

TGC:
* Design passed FDR, Completion of two pre-production modules
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The ATLAS RPC upgrade for Phase

The HL-LHC luminosity increase (7.5-103*cm™2s ! at /s = 14 TeV pp ,

average number of interactions per bunch crossing (u) = 200) foresees a major
upgrade for the ATLAS Muon Trigger system. About 300 new-generation RPC triplets
will be inserted in the Barrel Inner region (Bl), and the old on-detector trigger boards
will be replaced with new ones

» Improved trigger redundancy (from 6 to 9 layers)

» Increased trigger acceptance (from 78% to 92%, and to T-"{ mﬁ 9.5m
96% by requiring BI-BO coincidence, see Table 3.2 of the T:{- éE .
Phase Il Muon TDR: e P T——
https://cds.cern.ch/record/2285580/files/ATLAS-TDR- nJL — - é . ‘-'s;4cr'|an;be:s+lsuéo'i;m;ha;b;rs'-‘3',3,_:.,3.'“;,5'
026Qdf) ory = 0.4/V3 = 230 ps New RPC g 1}

» Improved time resolution for time-of-flight measurements: io‘sz_

Radial d

new thin-gap RPCs (1 mm) and new read-out electronics | __T _ eunchgosing
(0.4 ns for Bl RPCs, from 2 ns to 1.1 ns for legacy RPCs)

g
=3

LO efficienc

o
o~

o
L L L L L L

o Bl RPC detector surface: 472 m?
o 306 Bl RPC triplets
o 8262 new front-end boards

o
~o
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https://cds.cern.ch/record/2285580/files/ATLAS-TDR-026.pdf
https://cds.cern.ch/record/2285580/files/ATLAS-TDR-026.pdf

BI-RPC: gas volumes, singlets and chambers

 Gas volume: a gas volume is composed
of a gas gap enclosed between two High- L
Pressure Laminate (HPL) plates. A graphite — 2 kc Graphito layor 320 ko
layer is deposited on the external face of s
each HPL plate. Total gas-volume ——
thickness: about 4.5 mm

Graphite layer 320 kQ/o

Gas volume
« Singlet: the gas volume is enclosed
between two read-out panels with n-
oriented strips (parallel to the long side of
the chamber), forming a «singlet». The gas
volume with the read-out panels is
enclosed in a Faraday cage consisting of
the outer faces (copper) with their edges
connected by conductive copper tape.

Copper tape Copper tape thickness: 65 pm
[ Kapton | Kapton tape thickness: 70+3 um

Slnglet thickness: about 13 mm \./\ Singlet mﬂ?b[ E::}r:;itcmkec:‘sn?%k{::;:;o;7:]:m
. . 3 Las gap ead-out panel thickness: +0.2mm
« Bl chamber: three singlets (a «triplet») are -

inserted within a suitable mechanical
structure to form a Bl chamber. BIL-RPCs
will be inserted in the Large sectors, while
BIS-RPCs will be inserted in the Small
sectors. Bl chamber thickness: about 65
mm

19



New gas volumes

* A new design for the gas volumes has been used, with several changes with respect to the ATLAS legacy RPC detectors:
Gas-gap thickness: reduced from 2 mmto 1 mm

t'rl;he gaﬁ distribution was re-designed, with 4 inlets for connecting the gas pipes on the corners of the gas volume, drilled in
e profile

New HV-cable connection on the the gas-volume side

The 6 mm diameter gas pipes were replaced with 3 mm diameter gas pipes

The graphite-layer resistivity was reduced from 500 kQ/o to 320 kQ/o and the footprint was redesigned to reduce the risk
of possible current leaks

Electrode thickness: reduced from 1.8 mm to 1.4 mm

The production of the gas volumes in Italy has started in 2023 and is expected to end in 2025, carried out by General Tecnica
Engineering (GTE).

Two new possible production centers are undergoing a qualification process: Munich (Max Planck Institute, MPI) and Hefei
(University of Science and Technology of China, USTC)

20



Qualification of gas volumes

Piow | Y S | \

Tests of HPL plates are carried out by INFN at GTE:

* Measurement of the HPL bulk resistivity (maximum value
accepted: 101 Q cm)

+ Sample measurement of plate thickness

Visual inspection for detecting any possible macroscopic
defects

Gas-volume tests are carried out at GTE and CERN:

+ 10 tests are carried out by the manufacturer

» 3 tests are carried out by CERN-INFN

« Current vs Voltage (I-V) characterization (max 1 pA
@ 3.5 kV —max 3 uA @ 6.1 kV after ohmic-current
subtraction)

+ Gas-tightness test (Ap < 0.1 mbar after 3 minutes)
* Current-leak test

» Conditioning at GIF++

« The I-V curve is measured again with the source
off

« The gas volumes are exposed to y radiation from a
137Cs source, at approximately 4800 V (max 20
nA/m2)




Read-out panels

* New read-out panels consisting of 3 layers:
* One layer of 3 mm — thick aramid paper honeycomb

« Two layers of 0.4 mm - thick copper-plated FR4 on
which the read-out strips are made by a photo-engraving
process

Panel thickness and materials are chosen to optimize the
strip impedance and the detector weight. A termination
resistor is soldered to the ends of each strip and guard
wire.

The construction of the read-out panels is shared between
INFN Cosenza (BIL) and Hefei China (BIS).

INFN Cosenza site capability = 800 panels/year, also
carrying out the following tests:

» Thickness measurement of FR4 panels
Thickness measurement of Aramid paper honeycomb

Thickness measurement of the assembled panel
surface (7 cm x 7 cm matrix)

Panel length and width + strip-width measurement

Electrical continuity measurements for strips and guard
wires

RPC readout panels

60

50

40

30

20

10

J contact
Strip plate front end electronic side

1—in

2473mm % black-arm
2511mm -
3000mm

— . Step motor -

ATLAS Preliminary
Muon RPC Phase Il
Mean = (3.748 = 0.004) mm

36 37 38 39
Thickness [mm
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Front-End electronics

For BI-RPCs, an ASIC chip has been developed by
INFN Roma Tor Vergata, integrating preamplifier,
discriminator and TDC. This new design results in
|méoroved stability and sensitivity compared to the BIS-78
FE and also allows the ¢-coordinate reconstruction:

Detectable signal of 1-2 fC rpc | FEboard FEASIC Signal

Minimum discrimination threshold of 0.3 mV Induced _ _ , Serializer, || for the
_ o signal J  Si-BIT || Si-GeHBT | | Si-GeHBT | | Manchester DAB

Voltage-Controlled Oscillator FVCO defining the TDC preamplifier |[| discriminator TDC encoder,

time resolution driving the scaler (50-150 ps RMS) Driver

Data encoded using the Manchester code

Each ASIC chip has 8 channels, each with its own serial
transmission line

10 ASIC chips were irradiated with a neutron flux of 103 n. /cm? at the China Spallation Neutron Source (Dongguan) to check the
chip radiation hardness: no change was observed in the discriminator and in the VCO response after the irradiation.

Discriminator output width (ns)

.
Time-Crver-Threshold measurement

B 450 T T T T T TS
- - - - -
= " & 400F o= 0.082ns =
U, . =
o . 350 =
E_ [ ] = =
g 5 300 g
2 . 250L =
g ! 200F |
g'- ' After irradiation = -

4 3_' . IITE ToT 150: :
IE ! 100_— —:
> 50 E

E [ | |:
1

. Ly L W
82 83 84 B5 86 87 88 89 9
Leading (nsP3

[#2

Input pulse width (ns) Control Voltage applied (V)



Layout of the BI-RPC chambers

* The design of the BI-RPC mechanics has been defined for all the main chambers (4 BIL types: BIL 680S
— BIL 680L — BIL 620S — BIL 520S covering 75% of the BIL sectors; 2 BIS types: BIS1 and BIS from 2 to
6, covering all the BIS sectors involved in the Phase-ll upgrade) and other special cases.

* In the feet sectors (S11 and S15) new chambers will be installed in the Barrel Outer region: 80 identical
BOR-BOM chambers without overlapping, of BIS-like size.
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Production chain

Singlets

Gas gaps production in Italy Read-out strips production Qc tests
(GTE, Frosinone) in Hefei (China) I{ré::‘f:;

A fraction of BIS chambers could be produced

in Munich (Germany) and Hefei (China).
lpassed
MPI production line

True Hefei (China) in Munich

passed ' prOdUCtiDn line

passed

Factory INFN- o
Acceptance CERN Monitoring =
Tests QcC tests at GIF++

\ INFN production line

= '§ '§ False .
| ] .3 o in BB5 at CERN
g g Z g I
passed
e
INFN
o QC tests
5 %
<z l Detector Production sharing:
INFN: all BIL panels, singlets and triplets, 50% BOM/BOR,; l
Hefei China: all BIS panels and singlets;
Munich MPI: all BIS triplets; . .
Hong Kong University: 25% BOR/BOM singlets and triplets; Re.ad_om strips pdeUCtIDn
Istinye University, Turkey: 25% BOR/BOM singlets and triplets. in INFN Cosenza (IT)

25



Production Database

* Infrastructure

« mySQL DB managed via a web
interface to keep track of components
(gas gaps, HPL plates)

 Including relationships (i.e. what
goes into what)

 Web interface for presenting QA/QC
test results (e.g. |-V curves) for the
components

 Based on CERN login, now restricted
to the users directly involved in this
activity

Status

* Management of panels and gas gaps
ready

* Next step: implementation of singlets

* Long-term goal: implementation of
triplets and chambers

BIS-B (93/480) ‘:
BIS-A (100/96) |

BIL-W' (0/6)
BIL-W (0/6) 1
BIL-V (0/24)
(or24) N Accepted
BIL-Z (0/12) Il Rejected
BIL-X (0/6) - El Undefined
Goal
BIL-E (0/12)
BIL-D (0/12) 1
BIL-C (0/96) 1
BIL-B (89/246)
BIL-A (197/336)
o 100 200 300 400 500

Number of Bakelite plates (HPLs)

500
400 |
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= =
o
w
2
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3
w
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E:3
100
0 -
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Date

Factory Acceptance Tests Documents

QUALITY ASSURANGE

Factory tests on ATLAS RPC Phase-2 gas volumes
Date: _ 20/11/2023
Gas gap ID: BIL1A_32/23

HPL foils employed: 147 and 215
1) Graphite coating B PassED (O NOT PASSED
2) Absence of scratches E PASSED D NOT PASSED
3) Absence of bubbles [l PassED () NOT PASSED
4) Glue producer recommendations ﬁ PASSED () NOT PASSED
5) Envelope dimensions B passep () NOT PASSED

) Gas tightness before applying kapton (AP after 3 minutes must be < 0.1 mbar)

AP after 3 minutes [mbarl: _ < 0.1 [ PASSED () NOT PASSED

T) Mechanical rigidity, with the injection of a volume of air equal to 1% of the gas volume
(AP after 1 minute must be = 2 mbar)

AP after 1 minute [bar): 2.4 ) PASSED () NOT PASSED

B) Current leakage before applying kapton jusing a conductive foam pressed along the edges) with both
electrodes at 7 kv
(hear Must be < 0.2 pA = 20 my/10* 02 for BIS and < 0.3 pA = 30 my/10% (2 for BIL)

Current _ 244 |my10% O] at HY 7 pv ] PassED [ NOT PASSED

9) Qiling test using mock up gas volums E PASSED G NOT PASSED

Further comments

26
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Infrastructure Upgrade
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* Need to upgrade all ATLAS = |
infrastructures to support the new : FEEEEE '
upgraded detector LLLLL

with
d -55°C req 336k! T+1+SR1 I

* Largest and more innovative project is
the new CO2 Cooling plant for the ITk
and HGTD detector cooling

* 300 kW of cooling power at-40 C
* >20X largest CO2 cooling systems to date

Huge project in collaboration with CMS, CERN EP-DT and EN-CV
Based on 2PACL technology developed at CERN
Will allow to decrease by 30% the CO2e emissions of the experiments by
replacing the cooling systems based on greenhouse gasses C3F8 and C6F14
C3F8 GWP =8830
C6F14 GWP=9300 - CO2 GWP =1




Conclusions

* ATLAS has an ambitious upgrade program to fully exploit the physics
potential of HI-Lumi LHC

* The upgraded detector is designed to, have better performance in a much
harsher environment, and it will also provide exciting new physics
opportunities (increased acceptance, improved low-|evel

triggering, enhanced timing information, deeper use of machine learning in
trigger and reconstruction)

* New detectors are being produced (ITk, HGTD, Muons)
* New electronics are developed for all systems
* The Trigger and Data acquisition will be running at X10 the present rate

* All projects are entering the production phase

* Huge progress in the last year for all systems but still it is a very technically
challenging project with a very tight schedule for several systems
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