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Tracking requirements from physics

• Silicon requirements:
• Spatial resolution: 

• ~5 μm in tracking layers and disks (~20 μm pixel pitch) 

• ~3 μm in the vertex layers (~10 μm pixel pitch)

• Material budget: 

• <0.8/0.3% X/X0 per layer/disk, 

• < 0.1% X/X0 per vertex layer

• Power consumption 20 - 40 mW/cm2

• Integration time ~2 μs
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CHAPTER 11. DETECTOR ASPECTS 437

struction schedule, a list of areas in need of targeted R&D has been compiled and
is presented in Chapter 14.

11.2.2 Main requirements and acceptance coverage

Table 11.2: Requirements for the tracking system from the physics groups.

The requirements for the tracking in an EIC detector are derived from the physics
simulations and are represented by the detector requirements table shown in Ta-
ble 11.2. The ranges in pseudorapidity are accompanied with requirements for rel-
ative momentum resolution, allowed material budget in terms of radiation length,
minimum pT cutoff, transverse and longitudinal pointing resolutions. These re-
quirements form the basis of the designs and concepts that are presented.

11.2.3 Silicon Detector Technologies for EIC

To satisfy the requirements detailed above, the EIC silicon vertex and tracking
(SVT) detector needs to have high granularity and very low material budget. Per-
formance simulations of the detector concepts presented in Section 11.2.5 highlight
the need for a spatial resolution  5µm in tracking layers and disks, and around 3
µm in the vertex layers, combined with a material budget  0.1%X0 in the vertex
layers,  0.8%X0 in the tracking layers and  0.3%X0 in the disks.

A broad survey of silicon detector technologies was presented and discussed at
the first EIC Yellow Report Workshop in March 2020 [1425] covering hybrid pixel
detectors, strip detectors, Low Gain Avalanche Detectors (LGAD), the DEPFET
sensor, and Monolithic Active Pixel Sensors (MAPS). The survey considered exist-
ing examples of these detectors as well as the silicon technologies used for their
development to understand their potential for application at the EIC. MAPS have
been identified as the best detector technology to satisfy the requirements of the
EIC SVT and are discussed below. These detectors provide the highest granularity,

From YR 11.2.2 at arXiv:2103.05419
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Pions, momentum range up to 5 GeV/c
-0.5 < η < 0.5 
Uniform 1.5T magnetic field
- - - YR PWG requirement

eRD25

Green Blue Red (ITS3 
derived EIC 
SVT)

Beam pipe radius [mm] 18 31 31

x/X0 vertex 0.3% 0.3% 0.05%

x/X0 tracking layers 0.8% 0.8% 0.8%

Pixel pitch [um] 20 20 10

A beam pipe radius of 18 mm and a pixel pitch of 20 um
were used in pre-CD0 simulations.

Simulation driven technology choice

• Pre-YR simulations showed the need for high granularity and low material budget
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Forward region studied; η = 3
Single electrons fired from centre
Magnetic field: uniform 1.5 T and 3 T
Vertex layers and disks: 0.3% x/X0 
Tracking layers: 0.8% x/X0
Beam pipe radius: 18 mm
See H. Wennlöf at http://cern.ch/go/xKk6

Disk pixel sizes - results

9

7 disks, 1.5 T

7 disks, 3 T

5 disks, 3 T

� Smaller pixel size improves 
both relative momentum 
resolution and pointing 
resolutions

� 3 T magnetic field improves 
momentum resolution by a 
factor of ~2, as expected 
from theory

� Not much difference 
between 7 or 5 disks
± 5 slightly better momentum 

resolution due to lower 
material

± 7 gives better coverage, 
however

1.5T

Disk pixel sizes - results
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5 disks, 3 T

� Smaller pixel size improves 
both relative momentum 
resolution and pointing 
resolutions

� 3 T magnetic field improves 
momentum resolution by a 
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� Not much difference 
between 7 or 5 disks
± 5 slightly better momentum 

resolution due to lower 
material

± 7 gives better coverage, 
however

3T

http://cern.ch/go/xKk6
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YR baseline concepts performance

• Transverse pointing resolution: requirements satisfied at both 1.5T and 3T 
at all pseudo-rapidity 

• Relative momentum resolution: requirements better satisfied for the higher 
field value and in the central pseudo-rapidity region

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

Hybrid, H. Wennlöf, Birmingham

10µm pixel pitch

x/X0 = 0.05% per vertexing layer (1 – 3)
x/X0 = 0.55% per tracking layer (4 and 5)
x/X0 = 0.24% per disk (1 – 7)

The material budget figures from

Physics requirements present a challenge in the forward regions, 
despite the low traversed mass and 10µm pixel pitch
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YR baseline concepts performance

• Transverse pointing resolution: requirements satisfied at both 1.5T and 3T 
at all pseudo-rapidity 

• Relative momentum resolution: requirements better satisfied for the higher 
field value and in the central pseudo-rapidity region

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

All-silicon, R. Cruz-Torres, LBNL

10 µm pixel pitch, x/X0 = 0.3% per layer, disk

Physics requirements present a challenge in the forward regions, 
despite the low traversed mass and 10µm pixel pitch
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ALICE ITS3 sensor

• The ALICE ITS3 project aims at developing a new generation MAPS sensor at 
the 65 nm node with extremely low mass for the LHC Run4 (HL-LHC)

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

ITS3 sensor  

• Specifications meet or even exceed 
the EIC requirements

• Higher granularity (10 μm pixel 
pitch) and lower power 
consumption (<20mW/cm2) with 
respect to pre-CD0 simulation 
baseline (that was ITS2/ALPIDE 
derived)

• Also, integration time, fake hit rate 
and time resolution better than 
required at the EIC

• Sensor design optimized for high 
yield, stitched sensor to reach 
wafer-scale size (up to 28 x 10 cm2)

• ITS3 fallback solution: new MAPS 
sensor in 180 nm CMOS imaging 
technology

• Decision expected this year
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ALICE ITS3 detector concept

• In addition to the sensor, the ITS3 detector concept is very attractive for the 
vertex layers of an EIC SVT detector
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3 Detector Layout, Implementation and Main Parameters

3.1 Mechanical Structure

The ITS3 will consist of two separate barrels, referred to as Inner Barrel and Outer Barrel. The
Outer Barrel, containing the four outermost layers (Layer 3 to Layer 6), will be that of ITS2.
A completely new Inner Barrel, consisting of the three innermost layers (Layer 0 to Layer 2),
will instead replace the current Inner Barrel of ITS2. The ITS3 IB will consist of two halves,
named half-barrels, to allow the detector to be mounted around the beampipe. Each half-barrel
will consist of three half-layers. The half-layers are arranged inside the half-barrel as shown in
Fig. 7. They have a truly (half-) cylindrical shape, with each half-layer consisting of a single
large pixel chip, which is curved to a cylindrical shape.

Figure 7: Layout of the ITS3 Inner Barrel. The figure shows the two half-barrels mounted
around the beampipe.

As shown in Fig. 8, the main structural components of the new Inner Barrel are the End-Wheels
and the outer Cylindrical Structural Shell (CYSS), both made of Carbon Fibre Reinforced Plas-
tic (CFRP) materials, and a series of ultra-lightweight half-wheel spacers, made of open cell
carbon foam, which are inserted between layers to define their relative radial position.

The End-Wheels are connected to the CYSS, which provides the external supports for the three
detection layers. Starting from the outermost layer (Layer 2), the half-layers are connected to
the outer CYSS and to each other by means of the half-wheel spacers.

The half-layer consists of a single large chip. Its periphery and interface pads are all located on
one edge, the one facing the A-side End-Wheel (see Fig. 8). At this edge, the chip is glued over
a length of about 5 mm to a flexible printed circuit to which it is electrically interconnected using
for instance aluminum wedge wire bonding. The flexible printed circuit is based on polyimide,
as dielectric, and aluminum, as conductor. The flexible printed circuit extends longitudinally

10

ALICE-PUBLIC-2018-013 
https://cds.cern.ch/record/2644611

ITS3 detector concept 

• Three layers vertex detector, 0.12 m2

• Truly cylindrical layers

• Design and post-processing techniques to 
reach an extremely low material budget of 
0.05% X/X0 per layer

• Low power, wafer-scale sensor, thinned to 
20-40 µm, bent around the beam pipe = 
air-cooling, support and services outside 
active area

https://cds.cern.ch/record/2644611
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Path to an EIC detector based on 65 nm MAPS

• Despite the large overlap, the EIC and ITS3 detector have some significant 
differences, most notably the size

• The ITS3 is a 0.12 m2, three layers, vertex detector

• The proposed EIC concepts have vertex and tracking layers, disks in 
forward/backward direction, covering an area >10 m2

• Projected cost and yield of stitched wafer-scale sensors not compatible with 
use in the EIC detector outside the vertex layers

• Tracking layers and disks will need a more conventional support structures 
(staves, disks) and sensor size

• The design of a wafer-scale sensor is different from the design of a reticle-size 
sensor, for the same specifications à EIC sensor development needs to fork-off

• Exploring possibility to collaborate with CERN/ALICE on this too, common 
interest in sensor for large area detector

The path to an EIC detector based on 65 nm MAPS thus requires to develop

1. ITS3-like vertexing layers

2. EIC variant for the staves and disks
L. Gonella | ATHENA tracking WG meeting | 1st June 2021
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Fallback solutions

• Development of 65 nm MAPS is at a very early stage of technology 
evaluation and sensor development

• Fallback solutions need to be considered in case the technology or sensor 
development encounter issues that would compromise the timeline and 
cost of the project

• Fallback option 1
• New MAPS sensor in 180 nm developed by the ALICE ITS3 collaboration in case 

of problems with the 65 nm MAPS development  

• Decision expected later this year after evaluation of first 65 nm submission

• Fallback option 2
• The only experiment ready MAPS that could deployed as a plug-and-play 

solution is the ALPIDE

• This solution would not meet the requirements and impact on physics 
performance would need to be evaluated

• This option would need to be replaced with an upgrade once the main 
development path in 65 nm is ready to allow the EIC to meet its physics goals

L. Gonella | ATHENA tracking WG meeting | 1st June 2021
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EIC SC consortium

• The development of an ITS3 derived EIC vertex and tracking detector is 
carried out by the EIC Silicon Consortium

• EOI: https://indico.bnl.gov/event/8552/contributions/43219/

• LBNL, Uni Birmingham, RAL, BNL, INFN leadership

• To join: https://lists.bnl.gov/mailman/listinfo/eic-rd-silicon-l

• Indico: https://indico.bnl.gov/category/354/

• The EIC SC is open to institutes from different emerging collaborations 
interested to work on the proposed sensor solution for their specific EIC 
detector implementation

• Similar concept to the CERN RD groups (such as RD50, RD53)

• This will maximise the successful delivery of the technology with the lowest cost 
to the project

• Work packaged defined; work ongoing with ITS3 on sensor design, and 
thinning and bending

• Silicon strategy document, estimate of R&D costs, timeline of development 
up to CD4 drafted and shared with to the EIC project detector systems 
coordinators

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

https://indico.bnl.gov/event/8552/contributions/43219/
https://lists.bnl.gov/mailman/listinfo/eic-rd-silicon-l
https://indico.bnl.gov/category/354/
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Status of sensor development

• RAL already involved in first 65 nm submission with ITS3 Work Package 2 
(first EIC institute involved in EIC MAPS design at this stage!)

• Funded via the EIC Generic Detector R&D programme, project eRD25 
Silicon Tracking and Vertexing Consortium, Birmingham/LBNL/RAL

• ITS3 ER1 submission planning ongoing, including stitched matrix, 
submission end of 2021/beginning of 2022

• Combination of previously planned MLR2 & ER1 

• RAL+Brunel, LBNL and BNL defining contribution in discussion with ITS3 
sensor design group (Walter Snoeys, Gianluca Aglieri Rinella)

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

3	

§  IPHC:	rolling	shutter	larger	matrices,	DESY:	pixel	test	structure	(using	charge	amplifier	with	Krummenacher	
feedback,	RAL:	LVDS/CML	receiver/driver,	NIKHEF:	bandgap,	T-sensor,	VCO,	CPPM:	ring-oscillators,	Yonsei:	
amplifier	structures	

§  Transistor	test	structures,	analog	pixel	(4x4	matrix)	test	matrices	in	several	versions	(in	collaboration	with	IPHC	
with	special	amplifier),	digital	pixel	test	matrix	(DPTS)	(32x32),	pad	structure	for	assembly	testing.	

§  After	final	GDS	placement,	GDS1	is	instantiated	twice,	~300	placements	per	wafer.	
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Ongoing work on services and supports

• Material estimates for services and supports available (extrapolation based 
on ALICE ITS2 with ITS3 sensor power consumption)

• Detailed review of powering options including possible configurations with 
DC-DC converter or serial powering, estimate of material budget and 
timescale for development carried out and summarised in a document

• https://www.eicug.org/web/sites/default/files/Powering-options-for-an-EIC-
silicon-tracker.pdf

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

https://indico.bnl.gov/event/8231/contributions/37955/
https://indico.bnl.gov/event/9080/contributions/40920/

https://www.eicug.org/web/sites/default/files/Powering-options-for-an-EIC-silicon-tracker.pdf
https://indico.bnl.gov/event/8231/contributions/37955/
https://indico.bnl.gov/event/9080/contributions/40920/
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Elements of the EIC Silicon Acquisition Strategy (1/2) 

• The specified ALICE ITS3 65 nm MAPS sensor has performance that 
meets or even exceeds the EIC tracking and vertexing requirements 
as demonstrated in simulations presented in the Yellow Report and 
in the eRD25 proposal and report. 

• The development of the EIC tracking and vertexing system can 
leverage on a well-funded, large effort at CERN, open to non-ALICE 
members to contribute to the R&D to develop and use the 
technology for other applications. 

• The ALICE ITS3 approach to develop an ultra-low mass vertex 
detector is particularly attractive for the EIC vertex layers that could 
be easily designed with the same technologies developed for the 
ITS3 detector. 

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

“Strategy Document for Silicon Tracking and Vertexing for the EIC”, 
Proponents: G. Contin, G. Deptuch, L. Greiner, L. Gonella, P. Jones, I. Sedgwick, E. Sichtermann, 
23 April 2021 
Document circulated to Elke and Rolf
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Elements of the EIC Silicon Acquisition Strategy (2/2)

• The schedule of the ITS3 and EIC projects are well aligned.
• Up to TDR, construction and installation are on a different time scale.

• The ITS3 project has a 180 nm MAPS sensor fallback solution in 
case the main 65 nm development would not prove feasible on the 
required me scale. The decision will be taken later this year after 
results from the first submission in 65 nm. 

• A large group of EIC institutes have expressed interest in this 
proposed development and joined to form the EIC Silicon 
Consortium, providing the required broad base of expertise for the 
full detector implementation. Some of these institutes are already 
working with ITS3 on sensor development. 

L. Gonella | ATHENA tracking WG meeting | 1st June 2021
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EIC Silicon Acquisition Strategy flowchart

L. Gonella | ATHENA tracking WG meeting | 1st June 2021
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Proposed Schedule – New!

DRA
FT

See J. Yeck, 
https://indico.bnl.gov/event/10825/contributions/46080/
Kick-off meeting for an EIC detector at IP6, March 2021

Timeline

• The timeline for the development is tied to the sensor development 

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

Year Main tasks

2021 Submission of the first MLR.

2022 Submission of the first 
engineering run (ITS).

2023 Submission of the first 
engineering run (EIC variant), 
second engineering run (ITS3).

2024 Submission of the second 
engineering run (EIC variant).

2025 Integration of prototype 
sensors into disc and stave.
Possible contingency 
submission of EIC variant.

ITS3

https://indico.bnl.gov/event/10825/contributions/46080/
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Timeline - detailed

• The timeline for the development is tied to the sensor development 

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

Year Detailed tasks
2021 • MLR1 submission

• Testing and characterization of MLR1
• Sensor design for ITS3 ER1
• R&D into powering, stave/disc construction, cooling, overall infrastructure

2022 • Sensor design for ITS3 ER1
• ITS3 ER1 submission
• Testing and characterization of ITS3 ER1
• R&D + prototyping into powering, stave/disc construction, cooling, overall infrastructure

2023 • Testing and characterization of ITS3 ER1 and assessment of yield
• Assessment and planning for EIC sensor fork of ITS3 design
• Fork off sensor design and work on EIC variant for staves and discs (may move to next year depending on 

results)
• ER submission for EIC variant sensor (EIC ER1) for staves and discs 
• Detailed prototyping into powering, stave/disc construction, cooling, overall infrastructure
• Investigation of adaptation of ITS3 design for use in EIC vertex layers (different radii, # layers, services from both 

ends to meet length requirements, etc.) with ITS ER1

2024 • Testing and characterization of EIC ER1 and assessment of yield
• Si design for EIC ER2
• EIC ER2 submission for EIC variant sensor for staves and discs 
• Detailed prototyping into powering, stave/disc construction, cooling, overall infrastructure using EIC ER1 

prototypes
• Adaptation of ITS3 design for use in EIC inner layers with ITS2 ER2 (or integration of design into EIC ER2 if 

necessary).

2025 • Testing and characterization of EIC ER2 and assessment of yield
• Complete stave and disks prototypes with EIC ER2
• Vertex layers prototypes with ITS2 ER3
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Backup slides

L. Gonella | ATHENA tracking WG meeting | 1st June 2021
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ITS3-derived EIC SVT

• 65 nm MAPS sensor, 10 μm pixel 
pitch, <20mW/cm2

• Adopt ITS3 concept for the EIC 
vertex layers

• Wafer scale sensor, thin and 
bent around beam pipe, <0.1% 
X/X0

• EIC variant for the staves and discs

• Sensor size vs yield optimisation
(stitched but not wafer scale), 
conventional stave and disk 
structures, work on cooling, 
structure and services to meet 
X/X0 (estimated 0.55% X/X0 in 
barrel layers, 0.24% X/X0  in 
disks)

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

3 Detector Layout, Implementation and Main Parameters

3.1 Mechanical Structure

The ITS3 will consist of two separate barrels, referred to as Inner Barrel and Outer Barrel. The
Outer Barrel, containing the four outermost layers (Layer 3 to Layer 6), will be that of ITS2.
A completely new Inner Barrel, consisting of the three innermost layers (Layer 0 to Layer 2),
will instead replace the current Inner Barrel of ITS2. The ITS3 IB will consist of two halves,
named half-barrels, to allow the detector to be mounted around the beampipe. Each half-barrel
will consist of three half-layers. The half-layers are arranged inside the half-barrel as shown in
Fig. 7. They have a truly (half-) cylindrical shape, with each half-layer consisting of a single
large pixel chip, which is curved to a cylindrical shape.

Figure 7: Layout of the ITS3 Inner Barrel. The figure shows the two half-barrels mounted
around the beampipe.

As shown in Fig. 8, the main structural components of the new Inner Barrel are the End-Wheels
and the outer Cylindrical Structural Shell (CYSS), both made of Carbon Fibre Reinforced Plas-
tic (CFRP) materials, and a series of ultra-lightweight half-wheel spacers, made of open cell
carbon foam, which are inserted between layers to define their relative radial position.

The End-Wheels are connected to the CYSS, which provides the external supports for the three
detection layers. Starting from the outermost layer (Layer 2), the half-layers are connected to
the outer CYSS and to each other by means of the half-wheel spacers.

The half-layer consists of a single large chip. Its periphery and interface pads are all located on
one edge, the one facing the A-side End-Wheel (see Fig. 8). At this edge, the chip is glued over
a length of about 5 mm to a flexible printed circuit to which it is electrically interconnected using
for instance aluminum wedge wire bonding. The flexible printed circuit is based on polyimide,
as dielectric, and aluminum, as conductor. The flexible printed circuit extends longitudinally

10

ALICE-PUBLIC-2018-013 
https://cds.cern.ch/record/2644611

https://cds.cern.ch/record/2644611
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EIC SVT strawman design – Vertex layers

• Use ITS3 detector sensor and detector layout, adapted to larger radii and 
length of the EIC vertex layers

• Three bent sensors needed to cover the larger radii
• Along the length, two sensors may be needed to cover the length  

depending on detector configuration/further optimisations

• In total, three to six sensors per layer (instead of two in ITS3)

• Deploy wafer-scale sensor as in ITS3 (with different length if needed)

• Material budget X/X0 ~0.05% per layer as in ITS3

• Services may come out on both sides of EIC vertex layers

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

M. Mager | ITS3 kickoff | 04.12.2019 |

Layout

11

➡Extremely low material budget:

➡Material homogeneously distributed:

➡New beam pipe:
➡“old” radius/thickness: 18.2/0.8 mm  
➡new  radius/thickness: 16.0/0.5 mm 

➡essentially zero systematic error from material 
distribution

➡Beam pipe thickness:    500 μm (0.14% X0) 
➡Sensor thickness:       20-40 μm (0.02-0.04% X0) 

Cross-sectional view – not to scale

EIC ITS3

31
 m

m
16 mm

Side view – not to scale, only one layer

EIC

1

2

4
5
6

ITS3

1
2
3
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EIC SVT strawman design – Tracking layers and disks

• Staves and discs will be based on a forked EIC specific sensor design based 
on the ITS3 sensor

• Same functionality and interfaces as ITS3 sensor, stitched but not 
wafer-scale

• Stitched sensor layout/size will need to be optimized to provide the 
coverage needed for each stave and disk

• Optimization will consider yield estimates from first engineering run

• Staves derived from ITS2 structures; discs composed of overlapping staves 
or low mass CFC support discs

• Material budget estimate

• Tracking layer X/X0 ~0.55%
• Disks X/X0 ~0.24 %

L. Gonella | ATHENA tracking WG meeting | 1st June 2021

Flex PCB for power/signal

Stitched
sensors

Stave support structure

Power/signal exit

DC-DC converter?


