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CHAPTER 9. INTRODUCTION TO VOLUME III 403

• For the entire experimental program a precise determination and monitoring
of the luminosity will be essential;

• Measurements with polarized beams require the use of electron, proton, and
light nucleus polarimeters;

• The strategy for detector read-out and data acquisition has to be defined tak-
ing into account the data rate of the experiment, as well as the rapid devel-
opments in the field of digital electronics and computing power, suggesting
a integrated approach to both the read-out and data acquisition and software
and computing.

A reference central detector design, largely matching the physics requirements, is
presented as a 3D model in Fig. 9.2 and in 2D schematic form in Fig. 9.3. Figure 9.4
illustrates the very forward detectors. The following characteristics are assumed.
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Figure 9.2: A cutaway illustration of a generic EIC concept detector.

The central detector instruments the pseudo-rapidity region �4 < h < 4 with full
coverage of the range |h| < 3.5 (details are provided in Sec. 11.8). This acceptance
range matches the needs of the inclusive, semi-inclusive, jet physics and spec-
troscopy studies. It is complemented by the very forward and backward detec-
tors ensuring the hermeticity and the forward tagging required by specific topics
of the physics program, in particular exclusive reactions and diffractive channels.
The main requirements of the central detector are dictated by the event geometry
and the physics program, as illustrated in detail in Vol. II, chapter 8. They are re-
lated to (1) tracking and momentum measurements, (2) electron identification,

Call for Detector proposals (2021)

ATHENA: A Totally Hermetic Electron-Nucleus 
Apparatus
• General purpose detector inspired by YR 

studies, new central magnet of up to 3T

CORE: COmpact detectoR for the Eic
• Nearly hermetic, general purpose compact 

detector, 2T baseline

ECCE: EIC Comprehensive Chromodynamics 
Experiment
• General purpose detector, 1.5T BaBar

magnet

The evolution of the detector concept
 White paper (2012, 

2014) 
 followed by the initial 

concepts

La Biodola, 22-28 May 2022 ATHENA @ EIC 8

 The Call for Detector proposals (2021)

 ATHENA
 A Totally Hermetic Electron-Nucleus Apparatus
 Concept: General purpose detector inspired by 

the YR studies based on a new central magnet 
of up to 3T 

 CORE
 COmpact detectoR for the Eic
 Concept: Nearly hermetic, general purpose 

compact detector, 2T baseline

 ECCE 
 EIC Comprehensive Chromodynamics 

Experiment
 Concept: General purpose detector based on 

1.5T BaBar magnet

 The Yellow Report reference 
detector (2020)
A global effort of the 

EIC-User Group 

 2022: Merging of ECCE and ATHENA 
proposal strengths forming a new 
collaboration for DETECTOR 1
Ongoing process!

S. Dalla Torre

2022: Merging of ECCE and 
ATHENA proposal strengths 
forming a new collaboration 
and a new concept for 
DETECTOR 1.

Starting point: reference 
detector (i.e. design).



Detector 1 Silicon Vertex and Tracker
o The EIC Detector 1 SVT concept is derived from the ALICE ITS3 technology.

o Vertex layers ITS3 like
– ITS3 wafer-scale stitched sensor, thinned and bent around beam pipe.
– No services in active area, air cooling, minimal support structure.
– 0.05% X/X0.
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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
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ITS3 detector layout

ATHENA DETECTOR PROPOSAL 2.3. VERTEX AND TRACKING SYSTEM

2.2.4 Cryogenic design
The available cryogens for the magnet are supercritical helium at 4.5 K and 3.5 bar for the cold mass and helium
gas at 45 K and 15 bar for the shields. The return gas of the cold mass and the shields are expected to be
at 4.8 K at 1.28 bar and 80 K at 14 bar, respectively. The allotted power budget for the magnet is 100 W at
4.5 K and around 400 W at 80 K. Based on the magnet size and type, the magnet cooling will be done using
the thermosiphon method. Preliminary heat load calculations show the load well within the available limits.

2.3 Vertex and Tracking System
ATHENA will utilize silicon MAPS near the interaction point and Micro-Pattern Gaseous Detectors (MPGDs)
farther out. This configuration allows for a low material budget tracking with su�cient redundancy over a large
lever arm, which is critical to achieve the required momentum resolution. The layout of the vertex and tracking
system is illustrated in Fig. 2.3. A compact inner silicon barrel consists of three vertex layers and two barrel
layers occupying a region that has a maximum radius of 18 cm and a total length of 48 cm. The vertex layers
are made of large-area, wafer-scale, stitched sensors that are bent around the beam pipe. The barrel layers
comprise a more traditional stave design that uses smaller stitched sensors. The two outermost barrel layers will
each comprise two closely-spaced 2-D layers of Micromegas with mean radii of approximately 49 cm and 76 cm,
and maximum total length of approximately 200 cm.

In the forward and backward directions, the vertex and tracking system consists of silicon disks augmented
by large-area GEMs. The silicon disks will use the same sensor technology as the vertex and barrel layers. In an
e↵ort to minimize material in the backward (electron-going) direction, there are five disks, while in the forward
(proton/nucleus-going) direction there are six disks. They start 25 cm either side of the interaction point and
extend to 145 cm in the backward direction and 165 cm in the forward direction. The maximum outer radius of
the disks is approximately 43 cm. The minimum radii are determined by the divergence of the beam pipe. Two
triple-GEMs detectors with an inner and outer radius of about 45 cm and 76 cm, respectively, are implemented
near the two silicon disks furthest from the IP to extend the acceptance for tracks and provide additional hit
points for track reconstruction in the pseudorapidity interval 1:1 < |”| < 2:0. Finally, a —RWell detector, with
a radius of about 196 cm is located behind the dRICH detector in the forward direction. This detector helps
seed the dRICH ring finder and improves the momentum resolution in the forward direction.

Figure 2.3: ATHENA baseline hybrid tracking system comprising MAPS vertex and barrel layers and for-
ward/backward MAPS disks complemented by large-area Micromegas Detectors in the outer barrel layers and
forward/backward GEM and —RWell disks.

8

EIC Vertex Layers layout 
(as in ATHENA Proposal, same for ECCE)

4/12/2019 ITS3 Chip Development and Characterization - Gianluca Aglieri Rinella 13
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Detector 1 Silicon Vertex and Tracker
o Barrel layers and disks

– EIC Large Area Sensor (LAS), i.e. ITS3 sensor size optimised for high yield, low 
cost, large area coverage. 

– Convectional carbon fibre support structures with integrated cooling.
– Conservative material budget estimates: 0.24% X/X0 per disk, 0.55% X/X0 per barrel 

layer
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EIC R&D WP1 MAPS
o Institutes involved: 

– Universities: Birmingham, Brunel, Lancaster, Liverpool.
– STFC Labs: RAL, DL.

o Work is carried out within the EIC Silicon Consortium and EIC project and in 
collaboration with ITS3 and the CERN EP R&D programme.

o Work packages
– WP1.1 – Sensor design
– WP1.2 – Sensor characterisation and DAQ
– WP1.3 – Modules and system tests
– WP1.4 – Detector layout simulations
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WP1.1 – Sensor Design
o RAL TD is actively involved in the development of 65 nm MAPS sensor and IP 

blocks in collaboration with CERN EP R&D WP1.2 and ITS WP2.

o Main contribution: development of high-speed data transmission IP blocks that 
will be used in the final version of the large area ITS3 sensor. 

o MLR1 submission Q1-2021: LVDS receiver and CML transmitter.

Laura Gonella | EIC UK Discussion Meeting | 30 June 2022 5

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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WP1.1 – Sensor Design
o ER1 submission Q2-2022: 

– PLL and CML receiver; the PLL will be integrated with the MLR1 IP blocks.
– I2C block; of interest to the ITS3 large area sensor development for on-chip signal 

transmission.  
– DFM cells improvements required by the collaboration also carried out by RAL TD.

o Contributions being defined for the ITS3 ER2/EIC 1st ER in 2023.
– RAL TD/PPD starting work on shunt regulator design for serial powering.
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ER1: RAL PLL

ER1: I2C



WP 1.2 – Sensor Characterisation
o Structures available for characterisation are those 

submitted in the MLR1.
– ITS3 Analogue and Digital Pixel test Structures 

(APTS, DPTS).
– IP blocks from various institutes.

o APTS/DPTS
– Organised within the ITS3 WP3.
– BHM/LIV contributing to wire bonding of APTS 

sensors for testing by the ITS3 and EIC communities.
– Waiting for ITS3 test system distribution.

o RAL IP block
– DL/RAL TD developed testing setup.
– Chips bonded at BHM/LIV.
– Preliminary results from RAL/DL.
– X-rays irradiations at CERN planned for summer.
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WP1.3 – Modules and system tests
o Activities in WP1.3 are connected to the tasks in the EIC funded eRD111 and 

eRD104 projects.
– The UK participates in: eRD111 Task 1 Modules, eRD111 Task 2 Staves, eRD104 

Task 1 Powering.
– Ongoing conceptual design and layout studies at BHM/DL.

o Vertex layers with ITS3 sensor, EIC LAS in barrel layers 
– For barrel layers consider options for sensor size to maximise use of wafer and tile 

staves with at most 2 sensors to keep services outside active volume.
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WP1.3 – Modules and system tests
o Sensor layout on disks challenging.

– Maximise acceptance around beam pipe with low material
– Current approach aims at a combination of elements common to most/all disks and 

an element specific to the beam-pipe opening at a particular location.

o Accompanying work on mechanics and CAD about to start.
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Looking ahead to the forward/backward region
• Transition from reference to baseline would, to me, seem likely to involve an additional disk in the electron going direction 

and possibly in the hadron going direction, as well as extensions in |z|,

• May need to revisit material impact, in view of practical layout possibilities, with somewhat larger material at outer radii,
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WP1.4 – Detector layout simulations
o Work carried out in support of the 

reference detector optimisation 
within the EIC Detector 1 Tracking 
Working group.

o Study of DCAT and dp/p for updated 
reference detector design with inputs 
from WP1.3.

– Updated material budget estimates 
and vertex layers radii.

– Study of barrel layers position to 
avoid services in active area.
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Vertex performance comparisons 

 Simulations for 4 vertex 

configurations:
 Proposal config: 
 r = 33/43.5/54 mm
 Proposal config moved at 5 mm 

from beam pipe
 r = 36/46.5/57 mm
 ITS3 reticule, 2 half layers 
 r = 36/42/48 mm
 ITS3 reticule, 4 quarter layers:
 r = 36/48/60 mm

5

Can’t achieve these radii with ITS3 

reticule
Barrel performance comparisons
Vertex 36-60mm 

 Simulations for 3 barrel 

configurations:
 ECCE proposal config: 
 r = 21.0/22.68 cm
 ATHENA proposal config: 
 r = 13.34/17.96 cm
 Config 3:
 r = 13.34/21.0 cm

8

* If length < 54cm → don’t need services on the 

staves 

* Note: μRWELL resolutions in simulation are unrealistic 

→ Expect these resolutions to change

* Note 2: simulations include Si vertex + barrel + disks, 

μRWELL, AC-LGADS. Single pion events.
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Conclusion
o Through the EIC R&D funding, seven UK groups are leading the development 

of the Silicon Vertex and Tracking system for the EIC Detector 1.
– Work carried out within the EIC SC, EIC project R&D,ITS3 project, CERN EP R&D 

programme, EIC Detector 1 tracking WG.

o We are contributing to the design of the next generation 65 nm MAPS and their 
characterisation.

– IP blocks contributed to both MLR1 and ER1; characterisation of MLR1 RAL IP block 
ongoing; preparations for MLR1 APTS/DPTS testing underway.

o Work on the overall detector design optimisation and layout proceeds with 
conceptual studies supported by simulations and by engineering work to start 
soon. 
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