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A Toroidal. ApparatuS

LHC and the ATLAS detector

Diameter: 25 m
Length: 46 m
Weight: 7000 tons
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Tracker performance

First Stable Beams

Proton-proton collision
in the current tracker

proton-proton collisions at 13 TeV

ATLAS

EXPERIMENT

HL-LHC ti event in ATLAS ITK
at <p>=200

Proton-proton collision in
the future ATLAS inner
tracker, during HL-LHC
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Plot from:

l ' p g r a d e t O H L L H C Technical Design Report for the ATLAS Inner Tracker Strip Detector. ATLAS-TDR-025

ATLAS Simulation
100 ITk Inglined

r [cm]

Particle densities and radiation levels will exceed current levels by factor 10 80

Instantaneous luminosity will reach 7 x 1034 s=1 cm=2 60

Up to 200 p-p interactions per bunch crossing

total ionising dose [Gy]

40
Large particle fluences, unprecedentedly high levels of radiation, pile-up

ATLAS 0

EXPERIMENT
HL-LHC ti event in ATLAS ITK Z [Cm]

at <p>=200

Proton-proton collision in
the future ATLAS inner
tracker, during HL-LHC
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Upgrade needs for the phase-Ill upgrade

Current Inner Detector (ID)

L LU
m""” w1 iy
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Higher radiation tolerance — high fluence
Higher granularity — keep low occupancy
Faster response — high track density f:
Novel powering solutions — power x10 more channels
Reduced material in tracking volume — keep performance s\ . t 2 W

Reduced pitch — improve high p; performance 21m

Reduced sensor cost — cover larger area (~175 m?)

\ Barrel semiconductor

Trigger rate increased from 100 kHz to 1 MHz — bigger event size | Pixel\detectors tracker

W Barrel transition radiation tracker

L/

V End-cap transition radiation fracker

End-cap semiconductor tracker
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Upgrade needs for the phase-Ill upgrade

Upgrade: ATLAS Inner Tracker

Higher radiation tolerance — high fluence

Higher granularity — keep low occupancy

Faster response — high track density

Novel powering solutions — power x10 more channels
Reduced material in tracking volume — keep performance
Reduced pitch — improve high p; performance

Reduced sensor cost — cover larger area (~175 m?)

Trigger rate increased from 100 kHz to 1 MHz — bigger event size
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AT LAS ITk The Inner Tracker (1Tk) will be a full-silicon detector with pixel (inner radii) and strip (outer radii) sensors
The ITk is divided in a central region called Barrel and two lateral wheels called End-caps
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ATLAS ITk: the strip detector s msmnm ™"
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& More info about the pixel detector in the ATLAS ITk Pixel Detector talk by Leonardo Vannoli
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ATLAS ITk: the strip detector

the borvel

Cylindrical geometry made of four concentric layers
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ATLAS ITk: the strip detector e endeops

Two cylinders with six disks each
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The strip barrel. Staves

Stave — silicon sensors along with application-specific integrated circuits (ASICs) and high
and low-voltage power controls for the sensors integrated into a barrel module

A stave hosts 14 identical
rectangular modules on each side

Sensor

98mm|

V  Barrel Short-Strip Module

< 98mm

Barrel sensors:

—> square geometry
—> single-sided micro-strips

— n*-strips implanted on p-type silicon bulk (n*-in-p)

v

— Manufactured in 6" silicon wafer technology

€ 1400 ATLAS Simulation Preliminary
= [ ITk Layout
1200 n=10
4 rows of 1,280 strips 1000

LS modules 4800
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—> sensor pitch: 75.5 um Guard ring
—> short strips: 24.1 mm long & long strips: 48.3 mm long Blasing
Sio, o
Inner strip isolation -
N NN N Il —— I S— d -
Polyimide Hybrid > ¢ 1 Zle:m:u;::;? R P sPray/StOP (f' T\\
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High Thermal Conductivi
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Carbon Fibre Honeycomb

Good signal even under-depleted

Titanium Cooling Tube (depletion on segmented side)
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- Hybrid (readout PCB). ASICS:

The Strlp barrel. Staves —> ATLAS Binary Readout Chips (ABC)

—> Hybrid Controller Chips (HCC)

- Power board (power PCB) module powering + monitoring
Wire-bonds — Autonomous Monitor And Control ASIC (AMAC)
DCDC converter for LV powering (ITk Strip Baseline powering scheme uses parallel
DC-DC converter powering with DC-DC converters). Sensor biasing via HVSwitch
HCCStar Power

Wire-bonds board

ABCStar

- STAR architecture: each ABC directly connected to 1 HCC
— Cope with 1MHz trigger rates

—> 640Mbit/s downlinks from each HCC

: +« Module
on  Hybrid . Stave-side (inner-barrels):
= 14 Modules
4 —— . — = ABCStar 2 HCC per module, 28 HCC total
etector — = . FE-ASICs 1 e-link per HCC @ 640Mb/s
— —_— = 28x 640Mb/s e-links total
=—— —_— 14 e-links per [pGBT
—_— = = : = 2x IpGBT Uplinks
= "~~~ Hybrid
— — Stave-side (outer-barrels) /
— = Petal-side:
= — Similar but fewgr: 14 HCCs total
- SS module — — + Hybrid = 1 pGBT Lpink
— e _— Controller Total uplinks: 1824
/ Chip
ABCSta HCCSt AMAC bl « elink = {HCCSt)
r ar le——HCCstar / .
_ -7 i 640 Mb/s da}t/a; End of Structure
Front.-end On-.h)_rbrld On-rr.lod}lle . Stave .\ "« (E0S) \F W — FELIX Off
chip digital monitoring : @) detector
Binary interface and control
readout chip chip s » IPGBT
19 January 2018 HCCStar PDR Adapted from indico.cern.ch/event/688153,
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https://indico.cern.ch/event/688153/contributions/2964638/attachments/1655815/2650557/ATLAS_Star_Chipset_c-2.pdf

Barrel. Integration & installation

= A ITk Strip Cylinder 2 and 3

Cooling & Environmental: CO2 for staves,

C6F14 for PP2, Dry air to -60°C DP, H&T sensors Stave testing

R and ITSDAQ SM installation & connectivity
N to stave. Power, cooling, opto

Stave insertion tooling

valve box'*
booster
.

\éi ~ _pump

Summary of slides of Dave Robinson.
Global Mechanics meeting ITk week 8/3/2023
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Th . d EC P I Petal — Low-mass, high precision, double-sided, high thermal

e St rl p e n 'Ca pS ( ) . Eta S conductivity structure. Fully integrated with sensors, readout + control
electronics, power components, cooling.

. Designed for precision mounting of microstrips, minimize material,

power and services for the modules, and for end-insertion in EC disks

5 5 32 Petals per disk covering the radial range.
v , A . 384 petals, 6912 modules, ~8x channels than
\: g=4 SCT endcaps

Trapezoidal geometry

—> petals are wedge-shaped

— 6 geometries cover the
sensitive area on both sides

— Manufactured in 6" silicon
wafer technology. Those on R3,
R4, R5 are split in 2 to cover the
full area

—
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The strip end-caps (EC). Petals - ul -
3
o
. S 15f |
k' . o —A— A7 Neutrons \ 4
- EC sensors: % —A— A7 70 MeV Protons *
. i . _ . 0] | —A— A7 26 MeV Protons S -
—> single-sided micro strip 8 108 T3 bons
— n*-type readout implants on = - @ A12A Neutrons
ope o - @ -A12A 70 MeV Protons
p-type, float-zone silicon substrate 5 ~B-~AT2A 20MaY PO -
. L. -&- ions —
— n*-in-p technology (radiation /Guard Ring | @ A12A 800 MeV Protons
i i --@--A12M 70 MeV Protons
tolerant) . v~ Bias Ring ) I N Y TN
. . SiO, n* 1 10 100
—> strip: 15-60 mm long depending 14 2
di p-spray/stop ,’ﬂ e Fluence (10 n,, cm )
on radaius p- bulk
—> sensor pitch: 70-80 um
) ) Un-depleted
—> spatial resolution ~20 pm Al p*
. . Plots form ATL-ITK-PROC-2023-002
_D ~
time resolutlon 3 ns cds.cern.ch/record/2846511
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https://cds.cern.ch/record/2846511

End-caps. Integration & installation

insertion
tower

System test

H5 PPB petal

740

Stream 1 at 1.50 fC
T
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700

) | o
H ! s
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o Petal RSHO ,ggﬁis o
Petal RSH1 640 obade

Input noise [ENC]
3
8

ljDPB Electrical 'Ifest:

620 ?;?:?ﬁ% 5 "" o
! | ¢ ORIV A %
- Cold module-petal (primary NTC -28.6°C &0
i | 580
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Channel Channel

. indico.cern.ch/event/1223746/contributions/5298041
‘ul
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https://indico.cern.ch/event/1223746/contributions/5298041/attachments/2606510/4502612/PPA%20and%20PPB%20petal%20loading%20-%20Vancouver.pdf

Pressure (kPa)

End-caps. Integration & installation. Cooling \

1,000,000

100,000 scF Each petal is expected to generate 68 W
o000 at nominal and max 84 W
Cooling:
1 2-phase CO, at -40°C using cooling service S
100 modules that serve 16 petals (half a wheel) '
1 T T 1 T T 1
-100 -50 0 Te 50 100
Temperature (°C)
© oal- P-1088 W, flat |
o L —e— flow rate=13.53 g/s
® r —e— flow rate=12.8 g/s
Y (" &9 4 5 22‘_ —«— flowrate=11.82 g/s
7] - —e— flow rate=10.82 g/s
3 C flow rate=10.34 g/s
A L —e— flow rate=9.68 g/s
o 20— — o flow rate=8.71 g/s
i +— flowrate=7.12 g/s
18— —e— flow rate=6.27 g/s
B flow rate=6.04 g/s
i —e— flow rate=5.32 g/s
16— —e— flow rate=4.29 g/s
i —— flow rate=3.48 g/s
14~
= x - 12~
e | L
. _ _di ; C | | | |
1:1 scale mock-up EC ha'lf disk cooling systgm 10 e ;v Betop.  After Olgg ™ Tex
() re ¢ C ¢ ¢ (g (R
16 copper fake petals with heater pad applied P, 10 P elarn ©

Andrea Garcia Alonso

Corfu2023

April 26th 2023, Corfu, Greece

0002

=
o
S)

00°0T-
00°0T

Temperature [° C]

00°0C




End-caps. Integration & installation

=

1B T
":- Petals are mounted on the
disks with 100 um required

initial accuracy — ATLAS-TDR

Dev. wrt average position (mm)

0.15

0.10

Locking points

0.05

0.00

-0.05

At Nikhef, the construction of the 1st end-cap structure is finished

-0.10

-0.15
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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, - —> More than 500 T sensors in ITk volume for a 9MGy
radiation level

Strips. Integration & installation
Radiation, T and H monitoring

— . . . . . . . . RadFETs (TID)
Radiation monitoring system to measure displacement damage in Si (1 MeV neq fluence) and TID 3 rad sensors i i
. NTC (temperature)
4 rad sensors 8 rad sensors Strip EC PP1 volume,
Strip barrel outer cylinder, Strip EC volume, in tracking volume structural bulkhead outer side
z~0,r=110cm r ~60cm, z ~160 cm r ~80cm,z ~300cm
]
Outer Cylinder Quter Cylinder A E] AN\ Outer [Cylinder st | [ r re (
Strip Barrel Services Strip Barrel $ervices PP1
E
. 2
8
s
— 8
-
3
= o
—_— =
% @ | 8radsensors
Pixel service volume,
=ty enclosure outer side
s = Innernost Pixel EndCap Rings|
.‘_i, ; i e | ESSE T |/ T RGOS PN ) W D T R e S U e P A | IR R S S I PN T ] R O e R | WA = ____E
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ITk schedule. Production

22,000 ITk strip sensors production started in HPK in 2020, finish by 2025

LS stave core production finish in Q1 2025, SS in Q1 2026
Petal core production finish by the end of 2024

Barrel and End-cap module loading will finish by mid 2026

2024 2025 2026 2027

Ql Q2 Q3 Q4(Q1 Q2 Q3 Q4 |Q1 Q2 Q3 Q4 (Q1 Q2 Q3
Production LS Bus-tape reception and test
Production SS Bus-tape reception and test
Production petal tape reception and test

EoS Production

LS Stave Core Production
SS Stave Core Production
Petal Core Production
Barrel Module Loading
Loading LS staves
Loading SS staves
Endcap Module Loading
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ITk schedule. Integration

Pixel Inner System
integration in Strips

Strip DESY EC Strip Barrel Strip Nikhef EC
ready for ready for ready for Strip Barrel & ECs i
integration at CERN installation  jntegration at CERN need ITk inserted
ITk r i .
eady ITk required Finish
for 31/8/2028
installation l
Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug
26 26 26 26 v 26 26 27 27 27 27 27 27 28 28 28 28
® 6 ¢ ¢ 06 ¢ 0 0 0 0 O O O OO O OO OO OO0 0 0 0 0 0 0 o ?
= L] o [ a L
Mar May Jul I Sep : Nov Jan Mar May Jul Sep Nov Jan Mar May Jul I
26 26 26 : 2|6 I 2I6 27 27 27 27 27 27 28 2|8 28 28 :
1
: ! I : Pixel Outer System ! :
! I ' I integration in 1 1
: I : ! Strips i i
Petal insertion in DESY EC : : : P i :
15/8/2024 - 3/8/2026 : U Mkready for i i
' : Pixel insertion I 1
| |
- I I
|
1
|
1

1
Petal insertion in Nikhef EC
14/10/2024 - 26/10/2026
1
Barrel loading in SR1 ” .
Waiting for Pixels
21/11/2023 - 28/9/2026 30/11/2026 -

14/4/2027

Lowering, insertion,
services, connection:

ready for full system
cold testing
24/3/2028 - 3/8/2028
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CONCLUSIONS

Building a detector for operation at the HL-LHC is challenging
—> Radiation hardness, increased granularity, low mass

The new tracking system for the ATLAS experiment for the HL-LHC will cope with increased
particle multiplicity and radiation levels

ITk provides large acceptance, large number of points per track, high granularity and radiation
hardness with minimised material budget.

The ITk Strip detector is progressing through production and integration
—> sensors, ASICs, modules, structures, services, global mechanics
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THANKS FOR YOUR ATTENTION

Andrea Garcia Alonso
agarciaa@cern.ch
PhD thesis: https://cds.cern.ch/record/2790971
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Plot from: Technical Design Report for the ATLAS Inner Tracker Strip Detector. ATLAS-TDR-025

Upgrade to HL-LHC 5 E
P - NE
(&]
In the High-Luminosity LHC, particle densities and radiation levels will exceed §
current levels by a factor of 10 £
o
Instantaneous luminosity will reach unprecedented values: 7 x 1034 s-1 cm2, S
up to 200 p-p interactions per bunch crossing é’
o
The ATLAS detector will operate after exposure to large particle fluences f:;:
— = Q.
Upgrading is required to guarantee a working detector in these conditions O 50 100 150 200 250 300 350 400 §
@
The current tracking detector will be completely replaced to deal with the 2 [om] S
unprecedentedly high levels of radiation and pile-up of the collider
E ATLAS Simultion
= ITk Inglined

ATLAS

EXPERIMENT

HL-LHC ti event in ATLAS ITK

at <p>=200

Proton-proton collision in
the future ATLAS inner
tracker, during HL-LHC

total ionising dose [Gy]

0 50 100 150 200 250 300 350 400
z [cm]
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PP [-n=mm s m s mm s m s mn s .
M ocspver | rrcons TTC/Data 5 Segmented Multidrop
The Strl p ba rrel Staves . ﬁ: controls @160Mbit/s
‘ — | | 1 | ! ! ' Point to point data at
== pocery | s [ paces pecer o] == [ypeee] |1 640 Mbit/s
star|| £ 2 |aBCstar) laacstar] 2 2 [ABCstar] lABCstar]| £ 2 [a8Cstar) |
Wire-bonds k;m}\ ;xacm;‘ ;;chrJ‘ }acm;: }mi hacsar |
EBT hocuad == == hecea = e
3 lracstar| o o ecstar lncstor| - . ecstar la8Cstor| 2 o ABcstar ;
 Hogstar DODG converter Power  \oooi GeTA =} 2 o] = ] [ F=i Shoow| |
Wire-bonds board " = = = = = — | ol b
=D pocer] 31| oo pocer] (3| o pocw] |3 | o] |
aibiid ﬁ S | e f, Ehose | o] oo [ S| beowd || LV POWerbusat~11V
o I ' I ' i ' 4(2) HV lines at <550V
e + Common LV/HV return
— DCS/Power | AMAC control & data
ey, @ Y ...
~97mm Modul
g odule
on » Hybrid ' S Stave-side (inner-barrels):
14 Modules
detector — 3 — = ?EC;SS‘%S 2 HCC per module, 28 HCC total
— = s E 1 e-link per HCC @ 640Mb/s
~97mm S$S module =+ —: = 28x 640MbJs e-links total
— = 14 e-links per IpGBT
. — —— = 2x IpGBT Uplinks
—> Hybrid (readout PCB) glued to sensors. = = =~ Hybrid
. . — — Stave-side (outer-barrels) /
Readout ASICS glued to hybrid, wire-bonded to sensor: — — Petal-side:
. . =—— — Similar but fewer: 14 HCCs total
ATLAS Binary Readout Chips (AB' * ABCStar HCCStar AMAC — — o Bl = 1x IpGBT Uplink
i i . — — Controller sl
Hybrid Controller Chips (HCC) Front-end On-hybrid On-module = = e Total uplinks: 1824
chip digital monitoring Ner < i (HCCStar)
— Power board (power PCB) for modu Binary interface and control fe——HCCstar s of'Structure
Control and monitoring ASIC: readout chip chip - e (EOS)W a FELIX ot
Autonomous Monitor And Control ASIC (AMAC) 5 / O detector
DCDC converter for LV powering — ITk Strip Baseline powering Jd x14 . 1bGBT
scheme uses parallel powering with DC-DC converters
Sensor biasing Via HVSWitCh 19 January 2018 HCCStar PDR 3

Adapted from https://indico.cern.ch/event/688153/contributions/2964638/attachments/1655815/2650557/ATLAS_Star_Chipset_c-2.pdf
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Strips. Integration & installation
More about T and H monitoring

12 radiation hard fibre optic
humidity sensors in Strip detector
(LPG+2FBG)

More than 500 T sensors in
ITk volume for a 9MGy
radiation level

LENGTHS 1, 2 & 3 FROM END OF STRAIGHT CONNECTOR TO START OF H-PACKAGE
L (319)

Temperature Sensor on cooling pipe  high accuracy ITk volume =~ ™ —ex FIBRE SEAL / SPLICE ‘
number of sensors 1012 28 (56) ca 500 S~

radiation level 9 MGy

temperature range —45 degC 10 +20 degC LENGTH 3 LENGTH 2 LENGTH 1 = 2950 mm / FERE SPLICES

accuracy 0.5K 02K 1K = 4900 mm : =

precision 1K 02K 1K

temperature range (—80 to —45) degC and (+20 to +60) degC

accuracy 2K

precision 2K TOLERANCE ON 5‘ 201

Readout LENG?;%/IO'Z &3 - S ;EI’ERMINED BY FINAL

type of readout 2 wire 4 wire 2 wire N SPLICE LOCATION ORIENTANAL

number of ADC channels 1012 56 (112) ca 500 ; (oo AreRox ! weer
number of bits 16 16 12 ‘J | ~—(45) APPROX, FIBRE SEAL / SPLICE N D
location of readout PP2 T 101

distance between sensor and

readout el TO CENTRE OF FIBRE SEAL

radiation level 0.1 kGy STRAICHT TP

SHORT BOOT
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https://indico.cern.ch/event/1176882/

Measurement of distance between wheels and lower petal

End-caps. Integration & installation ey

e
— -
\ e
Wheel Number

i
|
L
<

1L
© 3 ¥
3 ¥
'l ‘ L] R R 3 5
3 3 3
= B
4 $ $
= 3 = ¥ $
7 : == [ R St - .
-~ TTe— = +
._: 1 = ia
=, L1 "] !
| s = $ 6 1 2 3 4 S5 6 7 8 9 10 N 12 1B ¥ 15
i I Spacer rod Number
e S 3 mm nominal value
L e == L] -

~ i . @ Measured points
y £0.3mm deviaton

i S

!
A

b
[

L

— working on CF support beams installation
— this EC will be sent to DESY for petal insertion this year

)

The 2" end-cap will start to be built at Nikhef soon
— petal insertion will take place at Nikhef too

When both end-caps are final, they will be shipped to CERN for
assembling with the barrel
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DAQ activities. FELIX

o The module is an old RO barrel without AMAC chip,
with one HCC star and one ABC star
o Communication is reached, links are aligned, all
dependencies for scans are working in the ITk-server
readout hybrids with
front-end chips (ABCStar)
Hybrid Controller Chip (HCCStar)
Autonomous Monitor And Control ASIC (AMAC)
(for control and monitoring)

ITk-server

|

To this common computer for
flashing firmware to the FELIX card
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DAQ - The EC team

Team working on the preparation of DAQ setups for petal reception
and petal testing:

o Universitat Freiburg = Dennis Sperlich

o DESY — Maximilian Caspar, Jan-Hendrik Arling, Lennart Huth

o Nikhef = Andrea Garcia Alonso

Many thanks to the barrel SR1 team for
showing and explaining their setup, as

Visit to ATLAS during the EC team well as helping to get ours running!

(Max, Jan-Hendrik, Dennis, myself)
visit to SR1 in January 2023
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DAQ, setup - Freiburg. Genesys and FELIX Genesys can read 2 full petals
Final EoS will substitute this

at the same time (8 fibers)
with a simple connector 7 ¥

- (MTP12) to left side : | S2323=3
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Top side of the petal, fully populated. Bottom has the
outmost module and two RO chips without sensors

One fiber per IpGBT — two fibers per petal (2 sides = 2 |pGBTs)
Each fiber gets split into 12, from which only 2 are not empty (in + out of the fiber from the petal). These two are connected to the bulkhead to
change to the bunch of eight optic fibers that go to Genesys
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DAQ setup - Freiburg. Genesys and FELIX

o Successful communication with petal |[pGBT through both Genesys
and FELIX

o Implementing modifications for FELIX scans on petals, based on the
repositories created by the SR1 team for staves

o Preparation for running scans

o Implemented first version of petal readout in FELIX — still to be
tested/validated
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DAQ, setup - DESY. Genesys and FELIX

Tested the FELIX readout with a EoS secondary board:
o installation of FELIX packages
o routing of optical fibers
o configuration of [pGBT and register readback
o successful demonstration of complete readout chain

At the moment waiting for PPB petal with R5 module from TRIUMF for
real petal tests and scans:
o testing with FELIX and ITSDAQ (parallel Genesys setup available)
o implementing and testing petal-specific changes for HCC/ABC
mapping
o testing of I[pGBT v1 within FELIX
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DAQ setup - Nikhef
Genesys

One fiber comes from the |pGBT to the 12-channel
LC connector. 10 channels go empty through the LC
connector till the transceiver to the FMC-QSFP.

This is the same setup as the FELIX one,
substituting the optic fibers bulkhead and the FELIX
server with a connector and the Genesys card.

optic
fiber to
transceiver
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