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Why do we need a new tracker?

The Inner detector is Why do we need to
performing very well! replace?

« Up to 4000fb-" integrated luminosity
expected for the HL-LHC,
corresponding to a fluence of up to
1x10° MeV n,,/cm?

— Radiation Damage
— Bandwidth Saturation
— Limitations from Detector Occupancy

LHC HL-LHC
Time between beam crossings 25 ns 25 ns
Peak instantaneous luminosity | 1x103*cm2s? 7.5x1034cm2s?
Number of proton-proton 23 200
interactions per crossing
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Timeline

ONLY 6 years away |
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| will present highlights of the preparation for new Inner Detector TracKer (ITk)
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New Design

All silicon design,

b a1 (sndFoto) ’ Eta coverage increased from 2.5 to 4.0
'g _I T T T | T T T T | T T T T T 1 *ITk design being
€ 1400—ATLAS Simulation finalised...
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Strip Staves Strip Petals

CERN-LHCC-2017-005
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Strip Modules

Exploded view of Short
Endcap Petal and Strip Module

barrel stave strip structures e boncs
593 mm

HCCStar DC-DC converter
Wire-bonds

* Power
board

ABCStar

LT ] ey ey o—
E— ! :
N o o oy Hybrid
Glue

hybrids

Sensor

~97mm

~97mm

1400 mm

Short Strip Module

* Each module side consists of one sensor and one or two low-mass PCB’s, called hybrids, hosting the read-out ASICs

* Modules have been designed with mass production and low cost in mind.
* The strips are AC-coupled with n-type implants in a p-type float-zone silicon bulk
* (n+-in- p FZ).

* n+-in-p technology over the p-in-n used in the current ATLAS SCT is the large difference in the amount of signal after

irradiation
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Results from Prototype Sensors

Maximal expected fluence within the ITk Strip Detector
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Efficiency versus the threshold for four ASICs on a non- _ .
irradiated module and one ASIC on an irradiated Collected signal charge at 500V bias voltage for

module (8x10% n_/cm?) minimum ionising particles as function of 1 MeV n,/cm?
= fluence for different particles.

Module Fluence Charge ke~ Charge ke~ Noise e~ S/N S/N

Type 1014neqcm 2 500 V 700 V 500 V. 700V
SS 8.1 13.7 16.1 630 21.8 25.6
LS 41 17.3 19.5 750 231 260 Estimated signal-to-noise at the
RO 12.3 11.5 14.0 650 17.7 21.5 . .
R1 10.1 12.5 15.0 640 19.6 23.4 end-of—llfetlme for a” mOdU|e
R2 8.7 13.3 15.7 660 203 239 types of the ITk Strip Detector.
R3 8.0 13.8 16.2 640 21.4 25.1
R4 6.8 14.6 17.0 800 18.4 21.3
R5 6.0 15.3 17.6 840 18.3 21.1
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Thermo-mechanical petal

TEMP
(Avg: 75%)

Max: -17
Elem: SENSOR4-B-1.394
Node: 849

Petal temperature distribution within FEA Planarity of strip petal core

model, given the estimated power Global measured flatness of ~250um
consumption after 3000fb!
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Strip Mechanics
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* Simulation analysis is used to predict any possible Geometric instability resulting from environmental
changes:
* Temperature,
* Moisture desorption,
* Radiation damage,
* Mechanical deformation (gravitational sag, external loads, vibration or material effects).
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Pixel Inclined Barrel Sensors Pixel Endcap Rings

3D pixel sensors candidates for
innermost barrel layer

Planar sensors baseline for outer layers
CMOS also candidates
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Planar Technology 3D Technology 3 D P ixel Se NSOrs
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Design of 3D pixel cells with
50x50 and 25x100um? size

50 x 50 25 x 100
25 um

® L J

3D pixel detectors are candidates for the innermost

layers of the barrel pixel detector

* Excellent radiation hardness at low operational
voltages and moderate temperatures

* Low power dissipation
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3D CNM, 50x50 um? 1E, d=230 um
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Hit efficiency as a function of bias voltage
for different fluence regions on irradiated

3D FE-14 detector.
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Drawing of a quad-module with Prototype of the quad-module 00 [N
four FE-14 chips with four FE-14 chips. 200 8
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Baseline planar sensor due to their larger size
in the inter-chip
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* Readout chip under development within RD53 collaboration
e 50x50um?

* N-in-p compared to current n-in-n

* Reduced thickness 100-150um (currently 200um)
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Planar Pixel Sensors

(Prototype sensors are using FE-14 chips. The baseline design will use RD53 chips)
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« Comparison of hit efficiencies of Different  Hit efficiency as a function of
thickness irradiated sensors irradiation for 100um planar

— 100pm sensors can provide same tracking SeNSors
efficiency at lower bias voltages
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Alternative: CMOS pixel
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A typical CMOS sensor pixel cell has a 020 740 60 80 100 120 140 160 180 200

. Bias volt
sensor substrate and a CMOS electronics las voltage (V)

layer embedded in multiple cells . .
CMOS pixels sensors can with stand

radiation fluences > 5 x 10 n,, /cm?

Promising technology that would reduce costs whilst providing high granularity,
radiation hard sensors for outer pixel layers.

CERN-LHCC-2017-005
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Pixel Barrel — Local Supports

Prototypes have been developed for different
possible designs for the local supports.

Carbon stave prototype

Truss prototype for
Longeron design for
outer barrel
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|-Beam stave. Modules loaded
on both sides (top and bottom)
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Pixel Endcap

Pixel Endcap: half cylindrical shells
supporting quad modules

Designed to minimise mass of ring

background reaching forward \
calorimeter and to improve tracking O '
performance at high-eta

Foam Core

Locators

Cooling Pipe

Bus Tape

Carbon Skin

End Closeout
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Material and Fluence
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* A new tracker detector is needed for ATLAS to extract good physics
measurements out of the HL-LHC

— Extended eta coverage
— Low mass

« Alot of work has been done into the design of the ITk
— Progress achieved by simulations and prototypes.

* We are gearing up to installation in ~2024
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